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Foreword

For age is opportunity no less
Than youth itself, though in
another dress,
And as the evening twilight
fades away,
The sky is filled with stars
invisible by the day.

Henry Wadsworth Longfellow, "Morituri Salutamus"

Grow old along with me!
The best is yet to be.
The last of life, for which the
first was made.

Robert Browning, "Rabbi Ben Ezra"

Yearssteal
Fire from the mind as vigour
from the limb,
And life's enchanted cup but
sparkles near the brim.

Lord Byron, "Chi/de Harold's Pilgrimage"

Age is a question of mind over
matter, If you don't mind, it
doesn't matter,

Satchel Page (ageless baseball pitcher)

In 1997,one out of every eight US citizens, or 34.1 million people, was
over the age of 65. By the year 2030 that number could rise to one in
five. In 1996,about 3.8 million people were amongst our "oldest old,"
the segment of our population that is the fastest growing. This num
ber will almost double to 5.7 million in 2010. By the twenty-first cen
tury, 70 000 of our oldest members were over the age of 100. The
number of centenarians is expected to double each decade in the
present century. By the year 2030, adults over the age of 65 will
account for 20% of our population, and this metric will stabilize as
the "baby boomers" retire at about that time.

Inevitably, improvements in education, nutrition, health care, exer
cise options and standards of living contribute to these rising num
bers. Persons of discriminating taste judge the quality of their salads
not by the amount of dressing but by the freshness of the greens.
Comparable palatability must be exercised when we judge the quality

of our aging process. Simply to presume that knowledge about what
we should eat throughout our lives to minimize cholesterol accumula
tion imposes the self-discipline to eat accordingly is a lesson in self
deception. The belief that we should "move, move, move" our bodies
and our minds does not always combat regression toward
a sedentary lifestyle. These perspectives are driven home when a
multi-billion dollar pharmaceutical industry "piles on the dressing"
by overtly suggesting that we persist in unhealthy behaviors and take
a product to counteract the consequences. More to the point, the
options to prolong life are superficial if the resultant quality of life is
void of meaning. Eating without awareness of intake, engaging the
mind without processing written materials, moving only our finger
tips at a keyboard that emblematically denotes an inactive lifestyle in
the absence of exercising our limbs, inevitably imprison our mind,
body and spirit within the archives of aging rather than liberating
them.

One cannot dismiss the reality that our populace is becoming
older. More resources to foster a better quality of life will have to
be expended because older adults can no longer be counted as a
fragmented minority. Optimizing ways in which we can prevent
behavioral and physiological decline or remediate processes that
contribute to it are assuming progressively more significant roles
among rehabilitationists.

Against this background, the Geriatric Rehabilitation Manual (sec
ond edition) represents the continued effort of clinicians dedicated
to enhancing the lives of our older citizens so that "quality of life"
becomes more than just a buzz phrase devoid of meaning. This text
is written with the sensitivity that concern for the multi-dimensions
of the aging process must be appreciated by those treating older
adults. Furthermore, the mantra of this text seems to be that physical
or behavioral decay can be delayed or prevented so that our "later
years" are not synonymous with the pervasive presumption of
"declining years." And among that proportion of older adults who
must eventually reach the asymptote of their golden years, the
inevitable end can be draped in veils of dignity crafted from hearts
and minds of the most compassionate of clinicians.

Each unit contains content that blends experiential perspective
with evidence. The text is intended for both clinicians and students.
Although never explicitly stated, one can easily deduce, from the
empathetic tone set by so many contributors and the reality gleaned
from the data previously cited, that more and more practitioners will
be drawn to this exponentially growing segment of our population.
Given that reality, this textbook should guide clinical decisions on the
one hand, while fostering creative therapies on the other. Moreover,
such behaviors can be engaged while considering other important
factors, such as limitations in treatment time, unique client attributes

xv



xvi FOREWORD

and complexities in problem solving that are so emblematic of the
aging process itself.

Last, and perhaps most intriguing, the reader should be encour
aged to first peruse the content of this book. After so doing, one
should visualize a patient, one who possesses perhaps a compara
tively less complex problem list. Then the exercise should be
repeated with a more "difficult" patient. See if the result in either
case is not the same. Specifically, one should find that valuable
guidelines to either confirm or modify, perhaps even "create," a
treatment option are not confined to anyone unit or even chapter
within a unit, but require absorbing information from multiple sec
tions of this text. Therein lies the beauty of the effort ensconced

within these pages ... the caring necessary to produce an optimal
treatment plan is manifest in the ideas posed by so many geriatric
specialists who share the reader's passion and professionalism.

Steven L. WolfPhD, PT,FAPTA
Professor, Department of Rehabilitation Medicine

Professor of Geriatrics, Department of Medicine
Associate Professor, Department of Cell Biology

Emory University School of Medicine
Professor of Health and Elder Care

Nell Hodgson Woodruff School of Nursing
Senior Scientist, Atlanta VA Rehab R&DCenter



Preface to the first edition

xvii

The passage of time ... aging ... brings a plethora of experiences
that constitute the psychosocial, economic and medical milieu that
our patients and we as healthcare practitioners face every day. To
provide quality healthcare for the older person in this robust arena,
given the constraints of time and healthcare payment systems, one
must have easily accessible, comprehensive, and concise informa
tion. This text is written to enable the healthcare provider to review
or to learn quickly the pathology of a diagnosis or condition and to
present treatment ideas, especially for rehabilitation, prevention
(maintenance) care and prognosis.

No two individuals experience life in identical fashion; thus, one
hallmark of aging is the "uniqueness" of each person. Because aging
may be viewed as an accumulation of microinsults that present as a
collection of chronic diseases and one or more acute problems, the
interactive relationships must be considered. This perspective is
different from the isolated computerized model of labeling geria
tric patients with the clean number listed in the International
Classification of Diseases, 9th edition, Clinical Modifications. We as
health-care providers must remain constantly vigilant to avoid this
lure of simplification.

One of the issues encountered in geriatric patient care is that the
symptoms and signs or responses to treatment may not be as clear as
might be expected. The reward is recognizing this and determining
an appropriate course of patient care in order to support each aging
patient so that he or she has a sense of worth and control even in the
presence of physical losses and illnesses. This textbook and, we
hope, its readers will acknowledge the challenge and reward.

This book is for clinicians. Although not specifically designed to
be a textbook for classroom instruction, students become practition
ers; thus, it is also appropriate for the entry-level practitioner in the
geriatric rehabilitation setting, including physicians, nurses, physi
cal therapists, occupational therapists, speech pathologists, respira
tory therapists and social workers.

The text is written with a dual purpose for the seasoned practi
tioner who will benefit from reviewing the information and recog
nizing that he or she is giving proper care according to today's
standards. Furthermore, the seasoned practitioner will also learn
because of the breadth of information presented in this text.

For the healthcare provider who is newly entering the field of
geriatric care, this text will prove to be invaluable. It is clearly
acknowledged that not every suggestion offered within the chapters
has been put to the rigors of clinical research in order to validate effi
cacy; however, the suggestions are offered nonetheless because they
represent potential treatment ideas, and they are the standard wis
dom of the rehabilitation field at this time. Although some of the
ideas have not been proven, they have not been refuted. If they had

been refuted, they would no longer represent the standard wisdom
that defines the ambits of care. These treatment ideas should be
employed by thinking practitioners for individual patients.

Throughout the text, the reader should recognize different writ
ing styles that also reflect different treatment approaches. The
authors were encouraged to discuss the science of geriatric rehabili
tation and to infuse the art of patient care, the soft underbelly of
humane medical care for persons who are undergoing involution
and are closing out a life. Some of the chapters in this text have refer
ences within the material presented. Other chapters have only
selected readings at the end of the chapter. The editorial board
encouraged each of the writers to minimize the references so that
more treatment ideas, graphs and clinical forms could be included.
Readers are strongly encouraged to seek out further information
from the lists of suggested readings.

The text is organized into seven separate areas. The first unit
deals with some overview of geriatric care and the review of system
as they relate to aging. This should be helpful for classroom instruc
tion and review of age-related changes. Chapter 1 specifically deals
with the complexity of aging, pathology and healthcare.

The second unit deals with aging pathokinesiology and is clearly
directed at specific clinical conditions. It also parallels a rudimentary
systems review, since the unit is subdivided into topics pertaining
to musculoskeletal involvement, neuromuscular and neurological
involvement, neoplasms, cardiopulmonary diseases, and finally
blood vessel, circulatory and skin disorders.

The third unit deals with the aging and pathological sensorium,
especially as it relates to vision, hearing and communication. The
following unit (Unit IV) presents a potpourri of common specific
conditions, complaints and problems and is followed by special
considerations or physical therapeutic intervention techniques (Unit
V).The sociopolitical, legal, and ethical considerations are addressed
in Unit VI because they also impact on geriatric rehabilitation. It is
important to recognize that the paradigm shifts at the end of life
from the medical model to the dying model, which is more culture
based. There is less concern about traditional rehabilitation con
structs and greater emphasis on value of life and palliation to mini
mize suffering and to maintain quality for the dying patient and the
family.
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Unit W, the final unit, elucidates the prominent members of the
geriatric rehabilitation healthcare team. I hope that healthcare
providers and others who use this manual will understand that:

1. Aging not stagnant, dull, and/or unattractive.
2. Aging is very dynamic, perhaps too fluctuating, with a wide

range of responses.
3. Aging is very diverse-a hallmark is the variability of

individuals.
4. Aging is very challenging.

5. Aging is very complex.
6. The study of aging is the study of life-it starts in the uterus and

our intervention must be life long.
7. Aging and living are synonymous.
8. ABOVE ALL ELSE, AGING IS VENERABLE AND

VALUED.

Respectfully,
TImothy L. Kauffman PT, PhD



Preface

Aging ... the passage of time ... brings with it an abundance of experi
ences within the psychosocial, economic and medical milieu that our
patients and we healthcare practitioners face every day. In order to pro
vide quality healthcare for the older person, given the constraints of
time and healthcare payment systems, one must have easily accessible,
concise, and yet comprehensive, information. This book will enable the
busy healthcare provider to review, or to learn quickly about, a range
of pathologies/conditions, examinations/diagnostic procedures and
interventions that can be effectively used in the physical rehabilitation
of older persons.

No two individuals experience the passage of time in identical
fashion. Thus, one hallmark of aging is the uniqueness of each per
son. Because aging may be viewed as an accumulation of "microin
suits" that present as a collection of chronic diseases affecting
multiple body systems, interactive relationships must be considered
in patient evaluation and treatment. These interactive, multi-system
relationships are emphasized in this book.

One of the challenges encountered in geriatric patient care is that
the symptoms and signs, and responses to treatment, may not be
clear-cut. There is professional reward in recognizing this and in
determining an appropriate course of patient care in a manner that
supports each aging patient so that he or she has a sense of control and
worth in the presence of physical losses and illnesses. We hope that
this textbook and its readers acknowledge this challenge and reward.

This book is written for both practicing clinicians and students who
are practicing to become clinicians. It is appropriate for entry-level
practitioners in geriatric rehabilitation settings, including physicians,
nurses, physical therapists, occupational therapists, speech patholo
gists, respiratory therapists and social workers. We believe that the
seasoned practitioner will also benefit from the broad review of infor
mation that this book provides and by recognizing that he or she is
giving proper care according to today's standards.

For the health-care provider who is newly entering the field of geri
atric rehabilitation, this text will prove to be truly invaluable. In this
second edition of the Geriatric Rehabilitation Manual, we updated evi
dence to support the use of specific examination and evaluation proce
dures, as well as interventions. However, we clearly acknowledge that
not every suggestion provided in this book has been subjected to rigor
ous clinical research. Nonetheless, a range of suggestions are offered
because they represent wisdom from the field of rehabilitation and are
concepts that can be further investigated.

Throughout the text, the reader should appreciate that the differ
ent writing styles employed by our authors also reflect different

evaluation and intervention approaches. The authors were encour
aged to discuss the science of geriatric rehabilitation and to infuse
the art of humane patient care for older persons.

This book is organized into eleven distinct, but interrelated, units.
The first unit is concerned with key anatomical and physiological con
siderations seen with aging and having significant impact on the older
individual. Also included are overviews of laboratory and imaging
procedures, and pharmacologic considerations for older persons. The
second and third units review important aging-related conditions and
disorders of the musculoskeletal and neuromuscular/neurological
systems respectively. Neoplasms commonly encountered in older per
sons are the focus of the fourth unit. Aging-related conditions of the
cardiovascular, pulmonary, integumentary and sensory systems are
presented in units five through seven. Unit eight highlights a range of
specific clinical problems and conditions commonly encountered with
older patients. Critically, all of these units emphasize important exam
ination and diagnostic procedures needed for a thorough evaluation
and stress interventions that can be of Significant benefit to the older
patient. The ninth unit presents select physical therapeutic interven
tions that are especially important in managing rehabilitative care.
Key societal issues related to aging are discussed in the tenth unit. The
concluding unit focuses on the successful rehabilitation team that
includes both professional and non-professional caregiver members.

We sincerely hope that students and colleagues who utilize the w
will appreciate that:

1. Aging is not stagnant, dull or unattractive.
2. Aging is dynamic and fluctuating, with a wide range of

responses.
3. Aging is diverse-its hallmark is the variability of individuals.
4. Aging is challenging.
5. Aging is complex.
6. The study of aging is the study of life--our assessments and

interventions must be lifelong.
7. Aging and living are synonymous.

ABOVE ALL ELSE, AGING IS TO BE VALUED AND VENERATED.
Respectfully, the Editors:

Timothy L. Kauffman PT, PhD
John O. Barr PT, PhD

Michael L. Moran PT, SeD
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INTRODUCTION

Aging is a wonderful and unique experience. The word 'wonderful'
should not imply that aging includes only good things but rather
that it is extraordinary and remarkable. Aging starts in the uterus at
the time of conception. It represents the passage of time, not pathol
ogy. By the age of 1 year, each individual's uniqueness is evident,
and, by the age of 5 years, the personality is well formed. Multiply
the first 5 years of life by 15 times and expand the environmental and
life experiences, and one of the hallmarks of aging becomes clear 
individual uniqueness. No two people age identically. Idiosyncrasy is
the norm, and it is important that the healthcare provider looks at
the wholeness of the individual geriatric patient as well as the chief
presenting complaint or primary diagnosis.

In the healthcare arena of America today, the wholeness of the
patient is compressed into an electronic number taken from the req
uisite International Classification of Diseases, 9th Revision, Clinical
Modification (lCD-9-eM). Unfortunately, the number does not nec
essarily reflect the magnitude of the patient's condition but, instead,
may reflect what pays the most or what allows the most hospital or
rehabilitation days. The World Health Organization has upgraded to
the lCD-10-eM in order to allow for more relevant coding, but, in the
United States, third-party payers, including Medicare, have not made
the switch to the ICD-I0.

The problem with this coding system and its failure to recognize
the whole patient can be seen in the example of a cerebrovascular acci
dent (CVA) with an lCD-9-eM code of 436 with modifiers. The out
comes from this simple group of code numbers range from good to
fatal: full recovery within 1 week; full recovery within~ months; par
tial recovery; severe limitation in physical, cognitive or communica
tive abilities; confined to chair, bed or institution; or death. It is not
just antecedent diagnoses such as chronic obstructive pulmonary dis
ease, diabetes mellitus or degenerative joint disease that are likely to

affect the results of rehabilitation for a CVA; psychosocial factors
must also be considered. For example, the grandmother of recent
Russian immigrants may be labeled confused or poorly motivated
when, in actuality, the language barrier is the major stumbling block
in rehabilitation efforts.

Age alone is a factor to consider; however, chronological age based
on date of birth is not always similar to physiological age (Nakamura
et all998), which is based on cross-sectional measurements and com
parisons with age-estimated or established norms. For example, a spe
cific 70-year-old man may have an aerobic capacity that is similar
to that of the average 60-year-old; the older man is said to have a
10-year physiological age advantage. In Chapter 15 there is a photo
graph of three individuals ranging in age from 60 to 93; it clearly
shows differences among the three, although generalizations can be
cautiously extrapolated. But far too often such an age span is grouped
together as if aging changes are monolithic: they are not. It is not com
mon to compare a 10-year-old with a 43-year-old, which also repre
sents an age span of 33 years. When dealing with a patient who has
lived for seven decades or more, the person's individuality must be
acknowledged by providers, administrators and health delivery
systems if optimal care is to be rendered.

VARIOUS MEDICAL MODELS OR
PERSPECTIVES

The standard medical model of signs and symptoms equaling a
diagnosis of disease does not fit well with the geriatric population
(Fig. 1.1). Fried et al (1991)found that this medical model was able to
fit actual cases in fewer than half of the geriatric patients that they
studied. They developed several other models: the synergistic mor
bidity model, the attribution model, the causal chain model and the
unmasking event model (Fried et all991).

The synergistic morbidity model uses a scenario in which the
patient presents with a history of multiple, generally chronic dis
eases (represented by A, B and C in Fig. 1.2) that result in cumulative
morbidity. When this hypothetical patient loses functional capacity,
medical attention is sought. This may also be viewed as a cascading
effect.

The attribution model uses a scenario in which a patient attributes
declining capacity to the worsening of a previously diagnosed chronic
health condition (see Fig. 1.2). However, physical examination and
workup reveal a new, previously unrecognized condition that is
causing the declining health status. This possibility is especially
important to consider when evaluating or caring for a patient labeled
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Medical

Figure 1.1 Diagnosis of illness presentation in the elderly:
diagrammatic representation of the medical model.
(From Fried et al 1991, with permission of Blackwell.)

Synergistic morbidity

Attribution

Figure 1.2 Diagrammatic representations of the synergistic
morbidity model and the attribution model for diagnosis of illness
presentation in a geriatric population. The description of each model
is provided in the text. The arrow indicates the usual time of
presentation for medical evaluation.
(From Fried et al 1991, with permission of Blackwell.)

with a chronic disease such as multiple sclerosis, arthritis or postpo
lio syndrome. Not all new complaints are attributable to the chronic
condition.

The causal chain model (Fig. 1.3) uses a scenario in which one ill
ness causes another illness and functional decline. In this case, disease
A causes disease B, which precipitates a chain of additional condi
tions that may worsen the present medical problems and/or lead on
to further medical problems. For example, a patient who has severe
arthritis (Fig. 1.3, disease A/) is unable to maintain good cardiovas
cular health, which leads to heart disease (disease B/). The cardiac
condition leads to peripheral vascular disease (disease C' and C"),
which may reflect back to disease B and/or lead to amputation
(disease D/).

The final model proposed by Fried et al (1991) is the unmasking
event model (Fig. 1.3). In this situation, a patient has an unrecognized
and subclinical or compensated condition. When the compensating
factor is lost, the condition becomes apparent and is often viewed as
an acute problem. For example, a patient who suffers from vertigo
may have functional balance because the visual and proprioceptive

Causal chain

Unmasking event

Figure 1.3 Diagrammatic representations of the causal chain
model and the unmasking event model for diagnosis of illness
presentation in a geriatricpopulation. The description of each model
is provided in the text. The arrow indicates the usual time of
presentation for medical evaluation.
(From Fried et a11991, with permission of Blackwell.)

systems compensate for the deficient vestibular system. However,
when walking on soft carpet or in a darkened room, this individual
may have marked balance dysfunction, which may lead to a fracture
resulting from a fall.

Coming from a similar perspective, Besdine (1990) presented sev
eral important concepts that relate to the complexity of geriatric care
in his introduction to the first edition of the Merck Manual of
Geriatrics. First, he states that 'the restriction of independent func
tional ability is the final common outcome for many disorders in the
elderly'. Like Fried et al (1991) in their attribution and unmasking
event models, Besdine warns that 'deterioration of functional inde
pendence in active, previously unimpaired elders is an early subtle
sign of untreated illness characterized by the absence of typical
symptoms and signs of disease'. Additionally, he suggests that in
geriatric medicine there is a 'poor correlation between type and
severity of problem (functional disability) and the disease problem
list'. Besdine warns further that finding a diseased organ or diseased
tissue does not necessarily determine the degree of functional impair
ment that will be found. Another lesson he points out is that 'the
severity of illness as measured by objective data does not necessarily
determine the presence or severity of functional dependency'.

Recent research validates the need to consider the wholeness of
each patient because of the complexity of treating the aging patient.
Reporting on the admission of patients to a trauma center in Canada,
Bergeron et al (2005) found that the proportion of patients with one
or more comorbidities increased from 8.7% for patients under the
age of 55 years to 92% for those over the age of 85 years. This was sig
nificant and was associated with an increase in the length of stay.

Boyd et al (2005a) studied clinical practice guidelines (CPGs) as
they might apply to a hypothetical 79-year-old woman with chronic
obstructive pulmonary disease, chronic heart failure, hypertension,
stable angina, atrial fibrillation, hypercholesterolemia, diabetes mel
litus, osteoarthritis and osteoporosis. They reported that most CPGs



did not present modifications for these common geriatric comorbidi
ties. Using the relevant CPGs, this hypothetical woman would have
been prescribed 12 medications, with a high cost for the drugs and a
risk of adverse drug interactions. In another study, Boyd et al (200Sb)
reported that hospitalization for an acute illness in moderately dis
abled, community-dwelling older women led to increased depend
ence in daily living activities that persisted for up to 18 months after
hospitalization and the resolution of the acute problem. They advo
cate improved interventions during andafter hospitalization.

Because of the uniqueness of each aging patient, these authors
advocate an interdisciplinary team approach to effectively treat the
common multiple comorbidities. The whole person must be consid
ered and rehabilitation services should be consulted in the majority of
geriatric cases.

AGING CONSIDERATIONS AND
REHABILITATION

Physical exercise

Exercise, fitness and aging

From a philosophical point of view, one might consider movement to
be the most fundamental feature of the animal kingdom in the biolog
ical world. Thus, life is movement. Movement is crucial not only for
securing basic needs such as food, clothing and shelter but also for
obtaining fulfillment of higher psychosocial needs that involve quality
of life. Maintaining independence in thought and mobility is a univer
sal desire that is, unfortunately, not achieved by all individuals.

The value of exercise and fitness is that they help to maintain the
fullest vigor possible as time ages everyone. By exercising, it is hoped
that one may enhance the quality of life, decrease the risk of falls and
maintain or improve function in various activities. Fitness, however,
is more than aerobic capacity. It is a state of mind and it involves
endurance (physical work capacity determined by oxygen consump
tion, V~), strength, flexibility, balance, and coordination and agility.

The benefits of exercise are systemic and may be viewed as being
favorable for all body systems and functions provided the phenom
ena of overuse are abated before causing irreparable damage to the
organism. The opposite is also true; the deleterious effects of immo
bility are profound, as Chapter 58 makes clear. Box 1.1 presents a
number of the beneficial effects of exercise on the actions of various
cells, tissues and systems and on the organism as a whole, as judged
by comparing the findings with those of sedentary people.

The beneficial effects of the systemic response to aerobic exercise
by the cardiopulmonary and cardiovascular systems as well as by
the musculoskeletal system are fairly well recognized (Merck Manual
of Geriatrics 2000, Fiatarone Singh 2004). These are presented hypo
thetically in Figure 1.4, which compares typical linear senescence,
disease and levels of physical activity. Less well recognized is
the association between fitness and mortality. A higher level of
fitness is associated with a lower mortality rate (Fiatarone Singh
2004). However, many exercise enthusiasts do not extol the benefits
of exercise in order to lengthen lives. Rather, the emphasis is placed
on experiencing a better quality of life by maintaining robust health
and physical competence.

Exercise andcancer

Over the past few decades, the death rate from heart disease has
been decreasing and the incidence of cancer deaths increasing. A
favorable relationship is now being shown between exercise and a
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Box 1.1 Aging markers. risks and diseases modified
by exercise

• Aerobic capacityo,b,c
• All cause of mortality°,b
• Breast cancer"
• Cognitive function"
• Colon cancer"
• Depressiono,b
• DisabHity°
• Falls"
• Hyperlipidemiao,c
• Hypertensiono,b,c
• Osteoporcsls't'"
• Sarcopeniao,b,c
• Strokeo,b
• Totaladipose tissueo,b,c
• Type 2 diabetes'"
• Walking speed"

"From Fiatarone Singh (2004).
bf=rom Bassey E2002 Exercise for theelderly: anupdate. Age Ageing
31 (suppl 1):3-5.
<From Gormley J, Hussey J 2005 Exercise Therapy: Prevention and
Treatment of Disease, 1st edn. Blackwell Publishing, Oxford.

Age

Figure 1.4 The age-related effects of exercise and illness on
function. The age-related declines have been described as linear
senescence and are shown in curve A. Illness such as heart disease
or cancer may accentuate the decline, as shown in curve B.
Physically active people benefit bydelaying the declines in function,
as shown in curve C. Curve Drepresents a higher level of fitness and
the absence of misfortune.

lower risk of cancer (Kiningham 1998). The exact mechanism is not
clear; however, it is possible that aerobic exercise enhances immune
function, which reduces cancer risk. It appears that the favorable
effect of exercise on cancer risk is found particularly in breast and
colon cancers, which are the principal causes of death in women
(Fiatarone Singh 2(02). Conversely, the risk of skin cancer increases
for those who work and play in the sun without proper protection.
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The benefits of exercise for cancer rehabilitation are not to be over
looked. Exercise may control or reduce nausea during chemother
apy. It reduces muscle loss and fatigue, enhances satisfaction with
life and improves psychosocial adjustment. Immune function may
also be maintained or enhanced. The full relationship between exer
cise and cancer remains to be defined.

Exercise is extremely diverse, ranging from passive range-of
motion to strength training in order to enhance muscle hypertrophy,
and includes balance and gait mobility and cardiovascular fitness.
The multiple interactive physiological effects of exercise require
recognition. However, the importance of looking at the whole indi
vidual goes beyond physical activity alone.

Confusion
Only a few decades ago, the simple symptom of confusion was syn
onymous with aging and senility. Now it is well recognized that acute
confusion may be caused by drugs (diuretics, tricyclic antidepres
sants, antihistamines, barbiturates, sleep-inducing hypnotic drugs);
sleep deprivation; infection (typically respiratory or urinary tract
infections that are not always febrile); diet; dehydration; sunset syn
drome; cardiac arrhythmia; environmental influences (heat, cold);
and stress (psychosocial factors, depression, anxiety). Thus, when
working with an acutely confused patient, one must look at a variety
of potential interactive causes (Merck Manual ofGeriatrics 2(00).

Additional considerations
In addition to a lifetime of experience yielding individual variations,
other gerontological considerations influence rehabilitation care. For
example, integrative functions decline to a greater degree than can be
communicated by simple measurements. Nerve conduction velocity
may show a small decline in a 65-year-old when compared with a
25-year-old, but integrative activities such as responding to postural
perturbation are likely to show a greater decline. This is one reason
why the etiology of falls in the elderly is complex, involving intrinsic
factors (age-related changes in neuromusculoskeletal integrity) and
extrinsic factors such as environmental challenges (Merck Manual of
Geriatrics 2000).

Within the aging individual, the physiological range of homeostasis
is sometimes greater than in younger individuals. As shown in Figure
1.5, the mean skin temperature of various body parts is similar when
young and old adults are compared; however, the physiological range
of measurements is greater in aging individuals (Kauffman 1987).

When rehabilitating the geriatric patient, it is vital to remember
that multiple chronic diseases are common and many systems may
be involved. Because of the greater physiological range of homeosta
sis and the multiple systems and diseases that may be involved, the
aging individual is more vulnerable to the stresses of rehabilitation.

A comprehensive functional assessment is crucial if treatment is to
be effective. Becauseof the many concomitant conditions and diseases,
improvement may manifest more slowly and with a greater variety of
responses during the rehabilitation process. This uniqueness is not
always acceptable within the scope of the present healthcare deliv
ery system and the classic medical model, as shown by Fried et al
(1991) in Figure 1.1.

THEORETICAL PERSPECTIVES

Sinceantiquity, humans have developed models and theories about the
causes of aging. It is not the intent of this text to explore all of these
causes; however, it may be helpful to perceive them at work in the

fields of gerontology, which is the study of aging, and geriatrics, which
is the medical treatment of aging persons. The intention of this book is
to combine gerontology and geriatrics. For more extensive reviews of
different theories of aging, the reader is referred to Matteson &
McConnell (1988),Moody (1994)and Bonder & Wagner (2001).

Hippocrates, sometime around 400 Be, and Aristotle, in approxi
mately 350Be, were in agreement when they wrote about health,
medicine and old age. They reasoned that the human body consists
of many structures which deal with the four conditions of heat, cold
ness, moistness and dryness. The following statement is attributed to
Hippocrates in his work On Ancient Medicine: 'Whoever pays no
attention to these things or paying attention does not comprehend
them, how can he understand the diseases which befall a man?'
Humankind was seen ', . . in relation to the articles of food and
drink, and to his other occupations'. Aristotle, in his short physical
treatise On Youth andOldAge,On Life and Death, On Breathing, wrote:
'Hence, of necessity, life must be coincident with the maintenance of
heat, and what we call death is its destruction'. These perspectives
remain viable today because we know that the loss of moistness
(dehydration) and loss of heat (hypothermia) are serious conditions
for all human beings.

Montaigne, the French philosopher of the 16th century, may be seen
as arguing for the present day progressive decline model or wear and
tear theory. In his Book One, Essay 1.19 he notes '... how nature
deprives us of light and sense of our own bodily decay. What remains
to an old man of the vigour of his youth and better day?' He saw with
ered bodies with decrepit motion. In his Essay 1.57,Montaigne noted
that few people live to the age of 40 years and, 'To die of old age is a
death rare, extraordinary, and singular, and, therefore, so much less
natural than the others and the more remote, the less to be hoped
for'. He believed it to be ' an idle conceit to expect to die as a decay
of strength which is the effect of extremist age .. .'. But rather, death
was the result of everyday occurrences such as injuries, accidents,
pleurisy or the plague and, hence, he calls these natural deaths.

More contemporary theories can be divided into social theories
and biological theories. One social theory that created a tremendous
amount of research is called the disengagement theory. Basically, this
theory holds that the relationship between an aging person and soci
ety is changed because of the inevitable events within our life cycle
and eventually ends with death, which is universal. This can easil y be
seen as life's central roles change, such as employment for men and
motherhood for women. Disengagement for males and females is dif
ferent and may be the result of individual ego changes or changes
imposed by society such as mandatory retirement. This theory has
mostly been rejected by research; however, it provided a foundation
for the study of the social process of aging, including changing roles
(Achenbaum & Bengtson 1994).

The activity theory is another social perspective that has been crit
icized but which has nonetheless provided a stimulus for research
into a valid theory of aging. In essence, this theory states that, as peo
ple age, life satisfaction will be greater in those with activities. Those
who maintain activities or add new activities, especially social activ
ities, seem to have better morale and satisfaction (Bonder & Wagner
2(01). A lo-year longitudinal study conducted in Stockholm, Sweden,
found that those who had frequent mental, social or productive
activities were less likely to develop dementia. Conversely, those
who were isolated and, in essence, disengaged socially were more
likely to develop dementia (Wang et al 2002). It is important to note
that, as presented earlier, there are many benefits to physical exer
cise; however, a rehabilitation specialist should not forget the impor
tance of social activity as well.

There are several biological theories of aging which have generated
considerable interest. The first and probably most widely accepted by
general society is the progressive decline model. This indicates that
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Figure 1.5 A sample of skin temperatures of young and old adults. Measurements of skin
temperature were made byvarious investigators with different instruments underresting
conditions without extreme ambient temperatures or humidity. When possible, range and
mean temperatures (OC) are reported.
(From Kauffman 1987, with permission.)

the longer we live, the more wear and tear there is; everything pro
gressively declines. From a gerontological perspective, it is well rec
ognized that there are indeed changes with the passage of time. The
research model of 40-50 years ago fits this perspective well, as most
aging research was based on cross-sectional data in an attempt to
define the age-related diminutions in nearly all measurements.

Another theory is the biological time clock, which postulates that
aging is directed by biological time and specifically cell replication.
Researchhas demonstrated that, in some cells, there are a finite num
ber of replications after which apoptosis or programmed cell death
occurs. This theory is used to support the concept that the human
lifespan (the maximum number of years an individual can live) has
not changed. In other words, we have a biological clock which says
that the maximum number of years that a human being can live is
somewhere between 120and 130years.

The free radical theory posits that, during the normal biological
process of oxidative phosphorylation, free radicals are generated.
This oxidative damage increases with age and can cause changes in
cell function and tissues. Oxygen radicals contribute to the patho
physiological changes associated with aging and thus may be a fac
tor in determining the lifespan of a species (Beckman & Ames 1998).

The cross-linkage theory suggests that aging takes place because
of chemical reactions that create irreparable damage to DNA and
cause subsequent cell death. This concept is easily used to explain

the clinical complaint of increased stiffness that is common among
elderly people.

The immune theory of aging indicates that a breakdown in the
immune system leads to a greater risk of disease and cancer. As the
body ages, it becomes less able to recognize itself, so the immune sys
tem produces antibodies which are detrimental to the host organism.

The error catastrophe theory of aging, sometimes referred to as the
Orgel hypothesis, postulates that there are errors in cellular RNA
transcription leading to faulty structures, especially proteins (Gafni
2002). This was considered to be a plausible explanation as to why
earlier research demonstrated poor potential for muscle hypertrophy
with increasing age. However, research by Fiatarone Singh (2004)
and others (see Chapter 16) has indicated that the potential for mus
cle hypertrophy is sustained with increasing age and is achievable
through proper exercise stimulus.

CONCLUSION

Aging is life's journey, leading to changes, uniqueness and, usually,
multiple diagnoses. It ends in death. It is incumbent upon healthcare
providers to recognize these complexities and thus, when rendering
care, the whole patient must be considered, including societal and
cultural implications. Each patient is more than a number or code.
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CHAPTER CONtENTS Table 2.1 Theeffects of aging at different levelsof the
human motor unit

followed by reinnervation by axonal sprouting from juxtaposed
innervated units. This process leads not only to a net loss of fibers
and functional motor units but also to an increase in motor unit size
(fibers dispersed throughout a larger territory) and amplitude and
duration of the motor unit potential. Besides this partial switch of
motor unit innervation, there are other neurological changes that
could contribute to the development of sarcopenia (defined as the
loss of muscle mass associated with aging) such as: (i) a decrease in
the number of nerve terminals; (ii) fragmentation of the neuromus
cular junction; (iii) a decrease in neurotransmitter release; and (iv) a
decreased number of acetylcholine receptors.

Introduction
, Motor unit
" Musclestrength

Physiology of muscle weakness
, Speed of contraction and muscle power
" Muscleendurance
, Musclemass
, Protein metabolism and inflammation
u Musclefat

INTRODUCTION

Impairment of neuromuscular performance evidenced by muscle
weakness, slowing of movement, loss of muscle power and early
muscle fatigue is a prominent feature of old age in humans. This
impairment is often accompanied by inactivity or chronic diseases
that will further impair neuromuscular performance. As a result,
many elderly men and women have functional limitations on walk
ing, lifting and maintaining postural balance and on recovering from
impending falls, leading to disability.

The mechanisms underlying these limitations are complex, but
alterations in the components of the motor units play an important
role. Bythe age of 80,40-50% of muscle strength, muscle mass, alpha
motoneurons and muscle cells are lost. The independence associated
with mobility is critical in achieving a longer lifespan and, especially,
a high quality of life. The increasing number and overall percentage
of elderly people, and the social and economic consequences of this
increase, underline the importance of understanding geriatric neuro
motor performance. In this chapter, we will briefly discuss the age
associated changes in the motor unit, skeletal muscle functional
properties and skeletal muscle structural characteristics (Table2.1).

Motorunit

Contractile properties

Anterior horn

Peripheral nerves

Neuromuscular junction

Muscle

Strength

Contractility

Mass

Fiber number

Fiber area

Fiber type

Local muscular endurance

! Number and t size

t Contraction and 50% relaxation
times

! Number of cells

! Motornerve conduction velocity

! More complex and irregular

! Upper and lower extremities

Slow contraction

! Segmental and whole body

! Types I and II

! Type II fiberarea

Nochange; increased coexpression of
myosin isoforms

! Endurance; earlier onset of fatigue

MOTOR UNIT

In the elderly, there is a decrease in the number of functional motor
units associated with a concomitant enlargement of the cross-sectional
area of the remaining units. This motor unit remodeling is achieved
by selective denervation of muscle fibers, especially type lIb fibers,

MUSCLE STRENGTH

Muscle weakness is an important determinant of physical function
in older people. In general, the decline in strength starts during the
third decade of life and accelerates during the sixth and seventh
decades. The overall rate of decline is approximately 8% per decade
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(Schiller et al 2000). Thus, during the course of daily living, older
people may be working at relatively close to their maximal capacity,
and additional impairments in muscle function associated with
acute or chronic diseases, hospitalization resulting from trauma or
surgery, and inactivity may accelerate the decline in strength. This
concept of 'close to maximal capacity' is important during rehabili
tation when the aim is not only to regain muscle strength but also to
enhance functional reserve. Thus, when treating an elderly woman
recovering from a humeral fracture who needs to lift a I-kg (21b)box
of sugar onto a cupboard shelf, her functional reserve can be enhanced
by performing the activity 10 times with a l-kg (21b)weight or several
times with a 1.5-kg (31b)weight.

Some features that are prominent among the aged include
decreases in both muscle mass and muscle strength and also changes
in the muscle composition with increasing infiltration of fat and con
nective tissue. These age-related alterations can be modified with
behavioral and pharmacological interventions including exercise
training, nutritional interventions and, in some cases, hormonal sup
plementation. Strength training in frail older people is accompanied
by improvements in physical function.

PHYSIOLOGY OF MUSCLE WEAKNESS

Physiologically, muscle weakness may be due to a decrease in the
ability to activate the existing muscle mass, a reduction in the quan
tity of muscle tissue and therefore in the number of force-generating
crossbridges interacting between thin and thick filaments, a decrease
in the force developed by each crossbridge, or a combination of all
three factors. It seems that the ability to maximally activate the
remaining motor unit pool is well preserved in the aged. Muscle
atrophy and loss of myofibrillar protein, on the other hand, are
caused by a reduction in the number of motor neurons in the spinal
cord and an incomplete reinnervation of denervated muscle cells,
which results in a decrease in the number and size of muscle fibers.

Changes in neural mechanisms include undefined changes in the
central nervous system, a delay in the conduction velocity of motor
nerve fibers, a delayed transmission in the neuromuscular junction,
or all three. Alterations in the proportions of motor units and
myofibers of different types, particularly a decrease in the number or
the relative cross-sectional area of type II fast fibers, are also notice
able. Finally, losses in the ability of the sarcoplasmic reticulum to
handle calcium within the fibers, changes in the myosin molecule,
an increased passive resistance of the connective tissue structures,
or a combination of factors may contribute to altered contractile
behavior.

SPEED OF CONTRACTION AND
MUSCLE POWER

An important characteristic of neuromuscular performance is the
time-course of muscle actions. This characteristic can be studied in
vivo with measurements of the speed of contraction of individual
muscles or muscle groups and in vitro by measuring the maximal
shortening velocity of single muscle fibers (Larsson & Moss 1993).
This property is important because the velocity of movement (and
thus power generation) can have greater relevance than absolute mus
clestrength on the ability to perform a number of the activities of daily
living, independence and functional capacity (Foldvari et al2000).

In the elderly, the in vivo muscle twitch (evoked by electrical stim
ulation) is characterized by prolonged contraction and 50%relaxation

times. Thus, fused tetanic forces occur at lower stimulation frequen
cies, an adaptation that increases muscle efficiencyHowever, this
adaptation also lengthens the time for muscle relaxation, thus impair
ing the ability to perform rapid powerful alternating movements.
Human studies have shown that the time to produce the same
absolute and relative forces during voluntary contractions is length
ened in the elderly and, therefore, the ability to generate explosive
force (power) and to accelerate a limb is reduced (Foldvari et al 2000,
Frontera et al 2(00). These alterations have a negative effect on the
protective reactions used before or during a fall. Several studies have
shown that, in the elderly, differences in skeletal muscle power could
explain more of the variability in function and disability, particularly
during lower intensity tasks such as walking compared with higher
intensity activities such as climbing stairs or rising from a chair.

MUSCLE ENDURANCE

Muscle fatigability is another important component of perform
ance. Fatigue is typically measured as a loss of force during repeated
or continuous activation. The effect of age on local muscular
endurance is controversial and probably reflects different experimen
tal approaches. The results of some investigations suggest that older
men and women fatigue more than younger subjects, which is con
sistent with studies in animal models. Other investigators, however,
have demonstrated similar fatigability in young and old subjects,
whereas still others have observed that older adults fatigue less than
younger. Even less clear than the effect of old age on the magnitude
of fatigue is its effect on the potential mechanisms that contribute to
fatigue. Human aging is accompanied by a number of changes in the
neuromuscular system (Stackhouse et al2001) that might affect fatigue,
including motor unit remodeling, reduced maximal motor unit dis
charge rates and a general shift toward a greater type I fiber composi
tion. The extent of these age-related alterations appears to vary by
muscle group and level of habitual physical activity.

Alterations in muscle with advanced adult age that may con
tribute to a decrease in muscle endurance include reduced blood
supply and capillary density, impairment of glucose transport and
therefore substrate availability, lower mitochondrial density,
decreased activity of oxidative enzymes and decreased rate of phos
phocreatine repletion.

MUSCLE MASS

Lower muscle mass has been correlated with poor physical function.
A large recent study, including more than 4400 older participants,
demonstrated that the likelihood of physical disability (measured as
ability to perform activities of daily living) was increased when the
skeletal muscle index (SMI, determined by estimating whole body
muscle mass and dividing by height in meters squared) values were
lower than 5.75kg/m2 in women and 8.50kg / m2 in men (Melton et al
2(00). According to the authors, these cut-off points could be used to
determine the degree of sarcopenia.

The factors contributing to the loss of muscle mass with age seem
to be a reduction in the numbers of both type I and type II muscle
fibers and a decline in cross-sectional area, predominantly of type II
fibers; the cross-sectional area of type I fibers seems to be well main
tained. As mentioned above, the relative area (percentage of type II
fibers x mean fiber area of type II fibers) occupied by type II fibers is
significantly reduced with age. This may contribute to the changes in
contractile behavior mentioned above.



PROTEIN METABOLISM AND
INFLAMMATION

It is commonly held that age-related changes in the processes that reg
ulate muscle protein mass contribute to sarcopenia as protein is the
primary structural and functional macromolecule in muscle. Muscle
protein content is determined by the balance between protein syn
thesis and breakdown and some studies in humans have shown that
postabsorptive muscle protein synthesis declines with age. Although
not all studies concur, it seems that mixed muscle and myofibrillar
protein synthesis rates decline with advanced adult age (Welle et al
1993, Toth et al 2(05) and increase in response to exercise training
(Hasten et al 2000).

Age-related changes in the physiological systems that regulate
skeletal muscle protein metabolism could also contribute to sarcope
nia. Specific skeletal muscle proteins and groups of proteins, with
important structural and functional roles, have different rates of
metabolism. From both quantitative and functional perspectives,
myosin heavy chain (MyHC) is the most important protein in skeletal
muscle and its synthesis is reduced with age. In addition to the over
all mass of MyHC protein, the type of MyHC isoforms expressed has
relevance for both the metabolism and functionality of aging muscle.
Because the isoforms are synthesized at different rates, a change in
MyHC isoform distribution with age could contribute to altered
MyHC protein synthesis rates. Additionally, a shift in MyHC isoform
distribution can alter muscle performance given the different func
tional properties of each isoform. At present, however, conflicting
reports exist regarding the effect of age on skeletal muscle MyHC iso
form distribution (Hasten et al2ooo, Marx et al 2(02).

Aging is associated with increased cytokine levels/production
and reduced circulating insulin-like growth factor (IGF)-1 concentra
tions. Studies in cultured myocytes and animal models have demon
strated the catabolic effects of cytokines and the anabolic effects of
IGF-1 on skeletal muscle. Because aging is associated with increased
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levels of inflammatory markers, it is thought that immune activation
may contribute to the development of sarcopenia. There is a growing
body of evidence suggesting that chronic inflammation is one of the
most important biological mechanisms underlying the decline in
physical function that is often observed over the aging process. The
plasma concentration of interleukin 6 (IL-6), a cytokine that plays a
central role in inflammation, tends to increase with age and high
serum levels of IL-6 predict disability in the elderly (Taafe et aI2(00).
Also, some preliminary data suggest that IL-6 is associated with
accelerated sarcopenia (Taafe et al 2000). Further, several studies
suggest that IGF-l is an important modulator of muscle mass and
function across the entire lifespan and recent findings show that low
plasma IGF-l levels are associated with poor knee extensor muscle
strength, slow walking speed and self-reported difficulties with
mobility tasks, thus suggesting a role for IGF-l in the causal path
way leading to disability in the elderly. There are some data which
show that IL-6 inhibits the secretion of IGF-l and its biological activ
ity and it hasbeen shown that higher plasma IL-6 levels and lower
plasma IGF-l levels were associated with lower muscle strength and
power (Hasten et al 2000). Thus, the balance between the catabolic
effect of cytokines and the anabolic effect of IGF-l may play an impor
tant role in the development of sarcopenia (Barbieri et aI2003).

MUSCLE FAT

Fat infiltration of skeletal muscle is common among the elderly and
has been associated with a greater incidence of mobility limitations. In
a recent study, muscle attenuation (indicative of fat infiltration)
remained an independent determinant of incident mobility limita
tions. People in the lowest quartile of muscle attenuation (with the
greatest amount of fat infiltration into the muscle) were 50-80% more
likely to develop mobility limitations during follow-up, which was
independent of muscle area, muscle strength or total body fat mass.
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INTRODUCTION

Bone is a tissue that gives form to the body, supporting its weight,
protecting organs and facilitating movement by providing attach
ments for muscles so that they can act as levers. Although the gen
eral anatomy of the skeleton is genetically determined, skeletal
strength and shape can be influenced by a variety of factors, includ
ing mechanical loading, pharmacological agents and nutritional
intake. The skeleton consists of specialized connective tissue made
up of cells including osteoblasts, osteocytes, bone-lining cells and
osteoclasts that produce, maintain and organize the cellular matrix
(Marks & Popoff 1988).

BONE STRUCTURE

Macroscopic anatomy
~---- -------------

Bones vary in their shape but can be broadly divided into two gen
eral categories: flat bones (skull bones, scapula, mandible, etc) and
long bones (tibia, femur, humerus, etc).

Long bones are designed for bearing weight and consist of a thick
and dense outer layer (cortex) of compact bone, of which 90%by vol
ume is calcified. The long bone is composed of the central diaphysis,
or midshaft, the metaphysis and the epiphysis, which is capped with
articular cartilage.

Although there is only one mechanism of bone formation, it may
occur within cartilage (endochondral), within an organic matrix
membrane (intramembranous) or by means of deposition of new
bone onto existing bone (appositional). The bones of the vertebral
column, the base of the skull and the appendicular skeleton (other
than the clavicle) are formed by endochondral ossification. Most of
the bones of the face, the vault of the skull and the pelvis are formed

by intramembranous ossification. The formation of periosteal bone
and bone modeling and remodeling depend on the process of appo
sitional bone formation. All three types of bone formation occur
throughout life and can contribute to the repair of the skeleton after
injury or disease or to the treatment of skeletal deformity.

The degree of bone mass attained is governed by hormonal, nutri
tional and mechanical factors. At all ages, women have a lower bone
mass than men and, with increasing age, thisgap widens. For cortical
bone, a slow loss of bone mass (0.~.5% per year) begins at about
age 40 in both sexes (Mazess 1982). Additionally, women generally
experience an accelerated period of bone loss around the menopause.
Bone loss rates of 5-6% per year for up to 10 years are not unusual.
This accelerated loss is associated with the withdrawal of estrogen
(Avioli& Krane 1990,Dempster 2003,Downey & Siegel 2006).The role
of estrogen deficiency appears to involve an increase in bone resorp
tion as well as a diminution of bone formation. Thus, in females and
males, estrogen has both a catabolic and an anabolic effect on bone
throughout life, even into the eighth and ninth decades. In older
men, osteoporosis is more closely related to low estrogen than to low
androgen levels (Raisz 2005).

Microscopic anatomy
Gross inspection shows that there are two forms of bone tissue: cor
tical (compact) bone and trabecular (cancellous) bone. Cortical and
trabecular bone have the same matrix composition and structure but
the mass of the cortical bone matrix per unit of volume is much
greater.

Cortical bone constitutes about 80% of the mature skeleton. Dense
cortical tissue forms the diaphysis (midshaft) of long bones and there
is little or no trabecular bone in this region. The thick cortical walls of
the diaphysis become thinner and increase in diameter as they form
the metaphysis, where plates of trabecular bone orientate them
selves to provide support for a thin shell of subchondral bone that
underlies the articular cartilage.

Trabecular bone is a network of mineralized bone that forms the
greater part of each vertebral body and the epiphyses of long bones and
is present at other sites such as the iliac crest. It constitutes 20% of the
total skeletal mass. In humans, cancellous bone consists of 5-30% of
hard bone tissue and the rest is soft tissue including marrow and blood
vessels (Banse 2002). Trabecular bone provides a large surface area and
is themost metabolically active part of the skeleton, with a high rate of
turnover and a blood supply that is much greater than that of cortical
bone. It acts as a reservoir for calcium; it is negatively affected by
immobility, systemic acidosis (Arnett 2003)and some pharmaceutical
agents (e.g. glucocorticoids, corticosteroids, anticonvulsant therapy),
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and positively affected by other pharmaceutical agents [e.g. estrogen
replacement therapy (ERT),calcitonin, bisphosphonates].

Cortical bone fulfills mainly the mechanical and protective function,
and trabecular bone fulfills the metabolic function of the skeleton. In
long bones, the thick dense cortical bone of the diaphysis provides
maximum resistance to torsion and bending. In the metaphyses and
epiphyses, the thinner cortices allow greater deformation to occur
under the same load.

Cortical or trabecular bone may consist of woven (primary) or
lamellar (secondary) bone. Woven bone forms the embryonic skele
ton and is replaced by mature bone. Fracture callus formation follows
the same sequence. Woven bone is rarely present after the age of
4 years in humans. However, it can appear at any age in response to
an osseous or soft-tissue injury. Woven bone is more flexible and more
easily deformed than lamellar bone. For this reason, replacement of
woven bone with mature lamellar bone is essential to restore the nor
mal mechanical properties of bone tissue. Lamellar bone consists of
highly orientated, densely packed collagen fibrils. These fibrils lend
strength to bone.

To carry out the diverse functions of bone formation, bone resorp
tion, mineral homeostasis and bone repair, bone cells assume special
ized forms characterized by morphology, function and characteristic
location. They originate from two cell lines: a mesenchymal stem-eell
line and a hematopoietic stem-eellline. The mesenchymal stem-eell
line consists of undifferentiated cells or preosteoblasts, osteoblasts,
bone-lining cells and osteocytes. The hematopoietic stem-eell line
consists of circulating, or marrow, monocytes, preosteoclasts and
osteoclasts.

Undifferentiated mesenchymal cells that have the potential to
become osteoblasts reside in bone canals, endosteum, periosteum
and marrow. These cells, under the right conditions, will undergo
proliferation and differentiate into preosteoblasts and then mature
osteoblasts. Osteoblasts never appear or function individually but are
always found in clusters along the bone surface. Active osteoblasts
may follow one of three courses. They may remain on the surface of
the bone, decrease their synthetic activity and assume the flatter
form of bone-lining cells; they may surround themselves with matrix
and become osteocytes; or they may disappear from the site of bone
formation.

Osteoclasts are large multinucleated cells found on the surface of
bone. They are the cells responsible for bone resorption. Specific hor
mones and growth factors influence their development. Osteoclasts
are very efficient in destroying bone matrix. They begin by binding
themselves to the surface of the bone, creating a sealed space between
the cell and the bone matrix. Endosomes containing membrane
bound proton pumps transport protons into the sealed space,
decreasing the pH from about 7.0 to about 4.0. The acidic environ
ment solubilizes the bone mineral. Excessorganic matrix is degraded by
acid proteases secreted by the cells (Urist 1980).

BONE REMODELING

Throughout life, physiological remodeling (removal and replace
ment) of bone occurs without affecting the shape or density of the
bone. Remodeling occurs on the surface of the bone as well as within
the bone. It includes osteoclast activation, resorption of bone,
osteoblast activation and formation of new bone at the site of resorp
tion. Internal, or osteonal, remodeling begins when osteoclasts create
a tunnel through bone. These cutting cones create large resorption
cavities. Within the cutting cones, groups of osteoblasts follow the
advancing osteoclasts. Layers of osteoblasts arrange themselves
along the surface of the resorption cavity behind the osteoclast and

deposit successive lamellae of new bone matrix. These layers mineral
ize and fillin the canal. Itappears that physiological remodeling serves
to replace bone matrix in which defects may have developed because
of normal use. It may also have a role in mineral homeostasis.

In normal adult bone, remodeling is usually a tightly controlled
physiological process in which bone resorption equals bone forma
tion, achieved through teams of osteoblasts and osteoclasts forming
basic multicellular units (BMUs) or bone remodeling units (BRUs)
(Dempster 2(03). This homoeostasis may change under pathological
conditions in which bone resorption and formation are stimulated.
Primary osteoporosis is an uncoupling of the balance between resorp
tion and formation. Imbalances of bone remodeling lead to persistent
deficits of bone mass, which translate into fracture susceptibility.

CALCIUM AND MECHANICAL HOMEOSTASIS

Bone cells respond to changes in hormonal levels to maintain cal
cium homeostasis and to changes in mechanical loading to maintain
mechanical competence (Smith & Gilligan 1996). Serum calcium is
maintained through regulation of calcium absorption from the gas
trointestinal tract, reabsorption by the kidney and resorption from
bone. Lowered blood calcium levels increase parathyroid hormone
levels, which draws calcium from the skeletal reservoir. Increased
mechanical loading stimulates greater bone mass. Osteocytes appear
to detect strain and transmit messages to the preosteoblasts and pre
osteoclasts to increase the bone-forming activities relative to the
bone-resorbing activities. These signals, generated by hormones and
growth factors, are integrated by the cells and their response leads to
overall maintenance of skeletal integrity and calcium homeostasis.

Abnormal bone
Osteomalacia is a metabolic bone disorder that affects the adult skeleton
by means of abnormal mineralization and results in skeletal defor
mity. It is a state of high bone turnover and is characterized primarily
by excessive amounts of inadequately mineralized osteoid (unmineral
ized bone tissue). Specifically, this increase in osteoid is associated
with prolonged mineralization time. In cancellous bone, this osteoid
presents in the form of large seams that coat the trabeculae and con
tribute to overall preserved bone volume. In cortical bone, intracorti
cal bone resorption, or tunneling, as well as increased amounts of
osteoid lining the haversian canals may be observed.

Biochemical features
Mineralization of newly formed bone requires the deposition of ade
quate concentrations of calcium and phosphate. In general, the combi
nation of moderate hypocalcemia and clear hypophosphatemia arc
hallmarks of adult osteomalacia. When there is vitamin 03 deficiency
because of dietary considerations or malabsorption, the serum cal
cium level is low, the serum phosphate level is very low (because of
decreased intestinal phosphate absorption and increased renal phos
phate clearance caused by secondary hyperparathyroidism induced
by the low serum calcium levels) and urinary calcium excretion
is also very low. There may also be elevated alkaline phosphatase
and osteocalcin (also known as bone Gla protein or BGP) levels
(Hutchinson & Bell 1992).

FUTURE DIRECTIONS

Recent advances in our understanding of the molecular signals that
regulate bone and muscle growth have identified new strategies for



enhancing bone mass either directly or indirectly. One example of a
direct strategy is to promote bone formation by increasing the activ
ities of signaling molecules named bone morphogenetic proteins
(BMPs). The discovery of BMPs arose from the now classic studies
by Urist and colleagues (Urist 1965, Reddi & Huggins 1972, Urist
et al 1973) demonstrating that extracts prepared from demineralized
bone could induce ectopic de novo bone formation when implanted
either subcutaneously or intramuscularly in rodents. Subsequent
biochemical and gene cloning studies identified the active molecules
in these extracts to be a group of related secretory proteins collec
tively referred to as BMPs (Wozney et aI1988). Each of these BMPs
has been demonstrated to be capable of inducing new bone forma
tion, and several have been shown to have beneficial effects in
enhancing fracture repair in human patients (Moghadam et al 2001,
Kain & Einhorn 2005). The remarkable ability of these proteins to
promote bone growth has also led to the suggestion that these pro
teins may be useful for increasing bone mass in patients with osteo
porosis, although clinical efficacy in human trials has yet to be
demonstrated.

An alternative to strategies aimed at directly promoting bone
growth is to indirectly enhance bone mass by increasing the mechan
icalload on bone. An example of such a strategy is to increase mus
cle mass by targeting pathways that normally suppress muscle
growth. Recent work has identified a molecule named myostatin as
a potent inhibitor of skeletal muscle growth (McPherron et aI1997).
Myostatin is normally made by skeletal muscle cells, circulates in the
blood and acts to maintain muscle satellite cells in a quiescent state
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(for review see Lee 2004). When the activity of myostatin is blocked,
these satellite cells are activated, proliferate and fuse to existing
myofibers causing the fibers to hypertrophy. Although the mecha
nisms by which myostatin activity is regulated in vivo are still being
elucidated, activity can be blocked artificially by a variety of both
naturally occurring and engineered myostatin-binding proteins.
One engineered binding protein is a neutralizing monoclonal anti
body directed against myostatin, and this monoclonal antibody is
currently being tested in clinical trials in patients with muscular dys
trophy. A successful outcome of these trials in terms of promoting
muscle growth would open the possibility of exploiting such agents
for other clinical applications, including increasing bone mass.

CONCLUSION

The rapid increase in the understanding of the mechanisms that con
trol bone cell function has led to many advances in musculoskeletal
research. The ability to manipulate formation and resorption of bone
as needed will substantially improve the treatment of musculoskele
tal disorders. Interventions that exploit this knowledge of bone cell
function offer the potential to treat numerous diseases.
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INTRODUCTION

With the passage of time, many micro- and macrochanges take place
in the axial and appendicular skeletal joint structures and periarticu
lar connective tissue. The changes may be due to aging, trauma,
pathological processes or, most likely, a combination of factors.
These factors may alter joint movement, posture and function. It is
important for the clinician to be cognizant of the typical changes that
occur in joints and ligaments and to modify treatment procedures
accordingly.

JOINTS AND LIGAMENTS

Joints (articulations or arthroses) are the connections between bones of
the skeleton. Some joints are designed to hold bones together with
out allowing movement and others are designed for efficient move
ment. Joints are classified as synovial (diarthroses) or nonsynovial
(synarthroses). The synovial joints allow maximal movement and
minimal stability. Nonsynovial joints, classified as fibrous or carti
laginous, allow limited or no movement and maximum stability.
Fibrous suture joints, which join the bones of the skull, generally
become more stable with age and are often classified as truly immov
able joints. As a person ages, these fibrous joints become calcified or
coated with bone matrix. Fibrous gomphosis joints, which hold the
teeth in their sockets in the mandible or maxilla, often become less
stable with age because of changes in the bony sockets or in the
fibrous connective tissue. Fibrous syndesmosis joints, which hold
the radius and ulna or the tibia and fibula together with interosseous
ligaments, allow considerable movement. Stiffening of the ligaments
limits the extent and speed of movement of these joints in the elderly.
Cartilaginous joints include the synchondrosis joints (hyaline carti
lage growth centers of adolescents) and the symphysis joints of the
pubic symphysis, the manubriosternal joint and the intervertebral
joints between bodies of vertebrae. Changes in the cartilaginous

intervertebral disks, such as loss of hydration, increased rigidity and
degeneration of collagen, contribute significantly to the loss of range
of motion or mobility of the spine with age (Carola et al 1992,
Digiovanna 1994, Levangie & Norkin 2(05).

Synovial joints
Diarthroses, or synovial joints, are designed to allow smooth efficient
movement by means of hyaline cartilage at the ends of the articulat
ing bones, lubrication by synovial fluid and the flexible articular
capsule enclosure. The inner linings or synovial membranes of the
capsule are the source of synovial fluid. The outer layer of the capsule
is a fibrous membrane that is attached to the articulating bones and
encloses the joint and offers limitation to the separation of the articu
lating bones. Fibrous thickenings of the capsule form ligaments,
which are pliable but are designed to limit movement of the joint by
preventing excessive separation of the articulating bones. Most joints
of the upper and lower extremities are synovial joints, as are those
between the ribs and vertebrae, between the ribs and costal carti
lages and the sternum, and between the articular processes of adja
cent vertebrae as well as the atlantooccipital joint, the medial and
lateral atlantoaxial joints, and the temporomandibular joint. In gen
eral, the movement of synovial joints is limited by the tension of lig
aments, which do not stretch, muscle tension and body structures,
such as the thorax, the limbs and the pelvis, etc. (Carola et al 1992,
Digiovanna 1994, Levangie & Norkin 2(05).

Cartilage
In synovial joints, articular cartilage or hyaline cartilage covers the
ends of articulating bones. The outer surface consists of collagen
fibers arranged parallel to the surface; it looks like a moist, polished
pearl. This smooth surface minimizes resistance to sliding and glid
ing. The outer surface is attached to a transitional layer of collagen
fibers and eventually to the bone by calcified cartilage. The middle
layer is relatively thick and will absorb shock. The cartilage itself has
no nerve or blood supply. Pain and position, or proprioception,
receptors are located in the capsule and in the ligaments of the joint.
When compressed, the articular cartilage exudes fluid through pores
in the outer layer and, when the compression ceases, synovial fluid
is drawn back into the cartilage. This intermittent pressure is essen
tial for nourishing the articular cartilage. Prolonged periods of com
pression or lack of compression cause deterioration of the articular
cartilage. Social expectations of reduced physical activity, dimin
ished sensation of pressure and pain, illness, hospitalization,
decreased muscle strength and coordination, falls and hip fractures,
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for example, result in elderly individuals being less likely to move at
optimal intervals and more likely to have deteriorated articular carti
lage. Articular cartilage has a limited ability to repair itself and this
capacity is further diminished in the elderly (Digiovanna 1994,Bautch
et all997, Hamerman 1998,Brandt 2003,Ahmed et aI2005, Levangie &
Norkin 2(05). Normal aging also causes a reduction in the amount
and quality of synovial fluid, which contributes to the deterioration
of articular cartilage (Boxes 4.1 and 4.2) (Digiovanna 1994, Bautch et al
1997, Hamerman 1998, Brandt 2003, Ahmed et al 2005, Levangie &
Norkin 2(05).

Box 4.1 Age-related dtange!$ insynovial joints and
ligaments ..

! Flexibility of the joint capsule
i Stiffness of ligaments
! Quality and quantity of synovial fluid
! Quality of information from joint receptors
! Relative number of elastic fibers

Box 4.2 Age-related changes In articular cartilage

and extension; forearm pronation and supination; all movements of
the hand and wrist; hip flexion, extension, abduction, adduction and
rotation; knee flexion and extension; ankle dorsiflexion and plantar
flexion; and all movements of the foot. Table 4.1 includes examples
of the range of motion that can be expected from elderly subjects.
Although adult women usually have a greater range of motion than
men, it is not consistent for all joints or within all age groups. For this
reason, no attempt was made to separate values by gender. The
range of motion required for normal movement has been reported
for many activities (Iohnston & Smidt 1970, Laubenthal et al 1972,
Colby & May 1999, Norkin & White 2003, Magermans et al 2(05).
Elderly individuals are especially likely to have difficulty walking
rapidly, climbing ladders, squatting and recovering from a loss of
balance. Lack of range of motion for all low back movements; hip
extension, flexion and rotation; knee flexion; and ankle dorsiflexion
contribute to these problems. In the upper extremities, limited range
of motion is likely to make it difficult or impossible to reach high
shelves and eventually to perform routine activities of daily living
such as dressing, eating and personal hygiene. Exercise and physical
activities should be used to prevent, delay or minimize these prob
lems (Dunlop et all998, Escalante et all999a, 1999b, Beissner et al
2000, Escalante et aI2001, Bennett et al2002, Booth et aI2(02).

Table 4.1 Range of motion for selected joints

Created using datafromthe following sources:
a800ne DC. Azen SP, 1979 Normal range of motion of joints in male subjects.
J Bone JointSurg 61:756

bBassey EJ, Morgan K, Dallosso HMet al 1989 Flexibility of the shoulder joint
measured as range of abduction in a large representative sample of men and
women over 65 years of age. Eur J Appl Physiol 58:353
<Roach KE. MilesTP 1991 Normal hipand knee active range of motion: The rela
tionship to age. Phys Ther 71:656
dJames B. Parker AW 1989 Active and passive mobilityof lower limbjoints in
elderly men and women. Am J Phys Med 68: 162
"Same asreference leI, but theage range is60-74years
'Greene WB, Heckman JD 1994 The Clinical Measurement of Joint Motion.
American Academy of Orthopedic Surgeons, Rosemount. Il
gYoudas JW, Garrett TR, Suman VI et al 1992 Normal range of motion of the
cervical spine: Aninitial goniometric study. Phys Ther 72:770
hAmundsen LA 1993 The effect of aging and exercise on joint mobility.
Orthopedic Physical Therapy Clinics of North America 2: 241

! Water content
! Chondroitin sulfate quality andcontent of

glycosaminoglycans
! Qualityand content of proteoglycans
i Articularsurface roughness
i Resistance to gliding
! Thickness
! Synovial fluid perfusion

Joint capsules and ligaments
The joint capsules and ligaments become stiffer with age because of
the increase in the formation of crosslinks in collagen fibers and the
loss of elastic fibers. The stiffening of the capsules and ligaments has
direct and indirect effects on the extent and quality of movement.
This stiffening directly hampers joint motion which, in turn, causes a
deterioration in the quality of afferent information from the joint
receptors. The end result is slower and more uncertain or uncoordi
nated movements. This combination makes the elderly less likely to
move spontaneously through the complete range of motion (Arniel
et all991, Digiovanna 1994, Barros et aI2002, Hewitt et al2002, Iida
et al 2002, Levangie & Norkin 2(05).

CONCLUSION

With aging, the loss of range of motion diminishes the ability to per
form the basic activities of daily living and higher level occupational
and recreational activities. Loss of range of motion is likely to occur
in the following joint movements: cervical flexion, extension and lat
eral bending; thoracic and lumbar flexion, extension and lateral
bending; shoulder flexion, abduction and rotation; elbow flexion

Age

Motion (in degrees, mean ± SO) <40

Shoulder abduction 184 ± 7a

Hip flexion 122 ± 12r

Hip extension 22 ± 8r

Knee flexion 134 ± gr

Ankle dorsiflexion 25 ± Sf

Ankle plantar flexion 5S ± Sa

Cervical flexion 50 ± gg

Cervical extension 82 ± 15g

Lumbar flexion 47 ± 7h

Lumbar extension 18 ± 10h

75+

118 ± 20b

105 ± 10d

38 ± gg

50 ± 15g
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INTRODUCTION

Changes that occur in the central nervous system (CNS) with age can
be discussed at a cellular level, a system level such as the size of a
nuclear mass, a functional level such as the ability to stand up, or a
social level in terms of the ability to interact and communicate.
Identification of specific changes can be found throughout the
research literature, including studies that show statistically signifi
cant differences when older people are compared with young adults.
At the same time, these differences do not necessarily reflect function
ally significant differences when the activities of daily living of
healthy older adults are analyzed. Thus, discussing changes that occur
with increasing age is a difficult task especially when differentiating
healthy adults from those with chronic pathologies or significant acute
diseases. Recent work investigating the changes in the CNS that occur
as the individual ages suggests that neuroplasticity is a strong and sig
nificant driver in the variability of functional performance in these
individuals (Gorman 2006,Umphred & EI-Din2006).

As humans age, their activity level changes and their choices of
activities vary tremendously, as does their nutritional intake and
general health. All these factors relate directly to the function of the
CNS and to its ultimate control over the entire body. Genetic predis
position as well as environmental factors account for how the CNS
acts and reacts in an aging individual. With aging, humans become
more diverse rather than more homogeneous so it becomes difficult
to compare one adult with another. There has been time in each life
for many experiences - the accumulation of minor and major trau
mas, exposure to toxins, overuse and disuse of major body systems 
all of which affect the functioning of the CNS. Therefore, difficulties
arise when asking, 'What is expected with normal aging?'. Yet,when
one looks specifically at the CNS, certain changes are observed with

aging. These changes by themselves do not create disease, subsys
tem problems, functional limitations or limitations in life activities,
but their cumulative effects may dramatically influence an aging
adult's ability to compensate and relearn once a specific pathology
or disease has created functional loss and a decrease in quality of life.

NERVOUS SYSTEM CHANGES WITH AGING

Recent studies have established that, in the brain, there is an age
related decrease in weight and gyral thickness with an increase in
ventricular size. However, in the healthy aging human, there is no
conclusive research showing that this is related to a decline in func
tion (Guccione 2000).Evidence exists that changes in neurotransmit
ters occur with aging but again, this is not related to dysfunction in
the healthy aging human (Guccione 2000).Loss of conduction veloc
ity in sensory and motor nerves within the central and peripheral
nervous systems as well as loss of myelin sheaths and the large
myelinated fibers with advancing age have been reported
(Bottomley & Lewis 2003). Although these losses might appear to
explain a propensity for falling as a result of slower entry of sensory
information into the system or delayed motor response time, a con
nection between a deficiency in one part of the system and the over
all function of an individual has not been clearly proven. Further, it
is not understood why some individuals can function well into very
old age without severe functional loss whereas others cannot.

Sensory changes
Documented changes also occur in both the visual and auditory sys
tems with aging. Visual acuity declines with age gradually until the
sixth decade, then decreases rapidly in many individuals between
the ages of 60 and 80.Traditional testing of acuity is valid for reading
but not for functional tasks such as observing a step in a darkened
room (Guccione 2000).For an individual to respond appropriately, it
requires receiving an input, processing that input both perceptually
and cognitively at an intellectual level or automatically at a motor
level and, finally, selecting the motor response that best matches the
environmental requirements. Thus, the client whose visual acuity is
corrected with glasses for reading may be impaired when evaluated
for motor function. An individual who wears bi- or trifocals and
glances down for visually augmented feedback may see a distorted
image, so inaccurate information is sent to the CNS. Thus, the motor
response may be appropriate for the input being received but inap
propriate for the actual environment. The nervous system functions
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on consensus and thus, if available, will always use other sensory
systems and prior learning to determine whether to respond to visual
information. Similarly, an individual with visual impairment may
respond adequately to environmental demands and show no signs
of motor limitation.

Hearing loss is also common among the elderly: the causes of such
dysfunction are either peripheral or central deficits generally associ
ated with disease. It is important for the therapist working with the
geriatric patient to be aware of the client's hearing abilities before giv
ing auditory cues. Whether the individual's auditory difficulty is
caused by a peripheral conduction problem or an auditory processing
problem plays a critical role in the selection of interventions and the
methods of patient--elinician interaction. Although hearing loss itself
does not lead to motor impairment, often, when the auditory portion
of the eighth cranial nerve is involved, the vestibular portion is also
affected. This potentially results in vertigo and balance impairments
and increases an individual's risk of falling. Similarly, loss of audi
tory acuity means that an individual may have difficulty hearing or
carrying on a normal conversation within a noisy environment. This
variable may be a primary explanation for why an individual is iso
lated and chooses not to be part of group activities.

The processing of information in the cognitive and emotional
areas of the CNS cannot be ignored when considering CNS changes
with age, with or without pathology. Healthcare providers must
remember that when the processing or the learning of cognitive
materials becomes a problem, this avenue for assistance in motor
learning may be lost. Without cognitive assistance, proceduralleam
ing of motor programs wil\ become the only avenue to regain func
tional control over movement. The principles of motor learning then
become paramount in optimizing the therapeutic environment for
patient improvement (Gorman 2(06).

Changes in the limbic system
The healthcare provider must also consider the emotional system in
all patients, especially when looking at CNS function. Emotions are
controlled and modified by the limbic system. This system has exten
sive connections to the hypothalamus, so emotion is often expressed
through regulation of the autonomic nervous system as well as in the
tone of the striated muscle system (Umphred et aI2006).

Hormone levels increase with stress and that the amount of hor
mones elicited increases with age (McEwen 2(02). By virtue of
advanced age, a patient may be very close to multiple-system failure.
Such an individual would be considered frail. The hypothalamus reg
ulates the areas of the brainstem that control the heart, lungs, inter
nal organs and immune system (Umphred et al 2(06).

Many behavioral syndromes have been attributed to this area of
the brain. The most pertinent to the elderly was described by Hans
Selye in 1956 and is called the general adaptive syndrome (GAS)
(Umphred et aI2(06). Today, it is considered a response to stress and
it can be observed in any frail individual, such as a premature infant,
an individual with severe CNS damage or an elderly individual with
fragile bodily systems. The GAS response is paradoxical to the antic
ipated response. Under stress, an individual generally has a sympa
thetic response, with an increase in heart rate and blood pressure and
a fight-flight reaction. In the GAS, the same environmental conditions
initially cause a sympathetic response but, over time, and sometimes
quickly, the individual switches to a parasympathetic reaction. Blood
pressure drops, heart rate decreases, blood pools in the periphery and
the level of consciousness can drop (Umphred et al 2006).The GAS is
a survival response to stress because, without such a response, the
increase in heart rate and blood pressure would cause heart failure or
vascular rupture. Once an individual responds in such a paradoxical
manner, treatment based on the signs and symptoms may be aimed at

increasing the sympathetic response, which, in this particular case,
may cause an even greater paradoxical reaction.

A client may have recently developed a disease that adds stress to
the already frail system. If the corresponding treatment is interpreted
by the individual as creating more stress, it may result in a GAS,
which has the potential of evolving into a life-threatening situation.
The patient's response may be to withdraw, and the healthcare
provider's reaction generally would be to increase the level of input
in order to motivate or wake up the patient. In the GAS, the patient
withdraws further and could potentially die from heart failure result
ing from diminished heart rate and blood pressure. For that reason,
the healthcare provider should evaluate the patient's emotional
response to the environment and try to keep a homeostatic auto
nomic balance. This requires being sensitive to all the systems of the
body: respiration, blood pressure and level of alertness as well as spe
cific motor responses to interventions. All of these systems are ulti
mately under the control of the limbic system (Umphred et aI2006).

Changes in the motor system
The motor system, with the guidance of prior learning and experi
ence as well as analysis by the CNS of current needs, modulates the
state of the motor pools in the brainstem and spinal cord in order to
drive peripheral nerves and orchestrate synergistic interactions of
muscle groups to create functional behavior and mastery of the envi
ronment. Ultimate control of the end product called functional
behavior is the result of the consensus of a variety of areas within the
motor system. Understanding how this motor system regulates and
controls movement is the key to identifying motor impairment" and
understanding why an individual exhibits functional limitations.

The areas typically considered to be part of the motor system are
the premotor and motor areas of the frontal lobes, the basal ganglia,
the cerebellum, the brainstem, the spinal cord and all the interneu
rons that link these systems together. The thalamus plays a key role
as a relayer and modulator whereas the limbic or emotional system
has the ability, directly and indirectly, to alter the state of motor
responses (Kandel et al 2000). Obviously, the sensory areas also
guide and alter existing motor programs. Where the motor system
begins and ends is not clear because there are so many interdepend
ent systems that loop between one area and another; therefore, a lin
ear analysis is not appropriate. There is not one single area that
controls motor output, yet certain areas, or nuclear masses, are
responsible for specific aspects of motor function. When anyone of
these areas is diseased or injured, specific clinical symptoms mani
fest. Similarly, some motor components such as base tone in striated
muscles are regulated by many areas, so a deficit does not automati
cally reflect the involvement of a specific area. The CNS is made up
of many connected neuronal loops, so a deficit in one loop might pres
ent a clinical problem that would make it appear as if a nuclear mass
or system were damaged. Advanced age is not a reason for CNS
problems: disease and injury are. Thus, CNS motor changes that
occur with aging do not necessarily indicate functional motor
deficits (Bottomley & Lewis 2(03).

Research does show that the motor system changes with age
(Guccione 2000). For example, head-turning plays a greater role in
electromyographic activity in synergistic upper- and lower-extremity
muscle groups in an aging human brain than in a young individual.
This suggests that the CNS no longer has the refined regulating abil
ity over preprogrammed synergistic patterning that might be called
a stereotypic or abnormal movement pattern. A child gains control
over all preprogrammed movement patterns and refines that regula
tion; an older adult possible begins to lose some of the refinement.
Whether this is because of disuse or aging is not clear. Again, it must
be emphasized that these changes, although statistically significant,



do not represent measurable functional changes. The significance of
these changes may be more meaningful following injury or disease.
If the aging CNS loses some of its plasticity or ability to adapt, then it
may take more time to learn new programs or alter existing ones. This
might explain why aging adults seem to exhibit synergistic patterns
very quickly following injury, whereas younger adults may take more
time to develop the same abnormal patterns.

If new learning is impossible, then the need to create an environ
ment that optimizes old learning should be clearly identified and
used in the therapeutic setting to achieve optimal functioning.
However, it is important to consider current literature on learning
and plasticity of the CNS, which states that new learning is possible,
before deciding that adaptation of the environment is the best solu
tion. The challenge with the elderly is that change can create confu
sion, stress and limit new learning, whereas novelty, motivation and
repetitive practice will enhance the brain's ability to learn and
respond appropriately to functional demands (Gorman 2006).

As a team, the patient, therapist and caregiver first need to identify
outcomes relevant to the patient and the patient's functional desires.
Second, practice of those functional activities is critical but variance
within that environment is crucial in order to allow for correction of
error within the movement itself. Maintenance of novelty to motivate
attention and learning of the task is also important. For example, if the
patient is reaching for something within a cabinet while standing at a
sink, the exact standing position in relation to the sink will result in
challenges to stability and, simultaneously, the level of reaching while
standing will shift the center of gravity. Both of these factors can be
used to create challenges to the task, vary the activity and specific
muscle and joint range interactions and introduce novelty. Reaching
for large, small or weighted objects, placing them from one shelf
level to another or asking the patient to do additional activities such
as washing their face, brushing their teeth, picking up soap and
washing their hands are all variations on the original motor activities
but allow the environment to change and the novelty to remain.

A complete explanation of the specifics of the motor control sys
tem (Shumway-Cook & Woollacott 2000, Schmidt & Lee 2005) is not
within the scope of this chapter, but a brief overview of the system
might help the reader to understand and appreciate the complexity
of the system. The frontal lobe of the brain not only helps process the
motivation to move (prefrontal) but also modulates or regulates
information that travels between primary motor centers such as the
basal ganglia and cerebellum (Kandel et aI2ooo). In addition, it plays
a primary role in regulating fine motor function through the corti
cospinal and corticobulbar systems. Normal movement results from
the coordinated work of multiple areas that influence the final com
mon pathways of motor neurons.

The frontal lobe plays a primary but not a dictatorial role in the mod
ulation of fine motor as well as gross motor behavior. After summating
and modulating messages from other areas of the CNS, the frontal lobe
sends messages concurrently to the basal ganglia and cerebellum
(Kandel et aI2ooo). In turn, these centers formulate new motor plans
or draw upon existing plans to correctly modulate the motor system.
If either center or the loops connecting them is damaged or diseased,
then motor function may neither be smooth, coordinated and effort
less nor will it match the environmental context of the activity. The
cerebellum, unlike the basal ganglia, is simultaneously aware of the
peripheral kinematics through the input from proprioceptors in
the limbs and trunk, and based on the position of the head in space
as judged by the vestibular system. Similarly, the cerebellum is
aware of existing states of the motor pool through a variety of
ascending tracts that send that information directly to the anterior
lobes of the cerebellum. For this reason, the cerebellum is considered
a synergistic programmer and plays a key role in feed-forward
movement or regulation of a movement activity over time.
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The role of the cerebellum in high center regulation of motor pro
gramming certainly interfaces with the limbic system as well as the
frontal lobe and basal ganglia (Melnick 2006a, 2006b, Umphred et al
2006). Deficits within the frontal lobe, limbic system or the basal gan
glia can affect cerebellar function and have been shown to trigger what
looks like cerebellar neuronal damage (Melnick 2006b).The cerebellum
is not only responsible for helping to write new programs, it also
makes sure that the programs being usedat anyone moment match the
environmental context. The cerebellum will run that desired program
until it is told to do something else. If there is a mismatch between
the desired movement sequence and the environmental input stimuli,
the cerebellum will try to readjust the synergistic patterns and run the
program that matches the environmental demands. For example, if an
individual is walking on a level cement surface and suddenly the sur
face changes because of a crack or a hole, the cerebellum will adjust bal
ance strategies in order to regain homeostasis of the center of gravity,
which allows the person to keep walking. If the crack or hole in the
cement creates such a large pertubation that the cerebellum cannot cor
rect the patterns being run, it will be up to consensus of the CNS to
determine what new program should be initiated.

The basal ganglia are responsible for changing the plan of move
ment and initiating new programs, whereas the cerebellum, in
preparation for the changes to take place, regulates the state of the
motor generators (base tone) and controls the force, speed and direc
tion of movement. For example, if an individual is rising to a stand
ing position and goes beyond vertical and starts to fall, the basal
ganglia change the motor setting from rising to vertical to falling.
Both the basal ganglia and the cerebellum play roles in modulating
posture but the specific roles are different. The basal ganglia and
aspects of the cerebellum play key roles in the development of new
motor programs and the refinement of existing ones. They relay spe
cific motor programming to the frontal lobes by way of the thalamus,
and they relay programming down through the brainstem to the
motor generators of the cranial and spinal neurons. Therefore, changes
in any of these structures or in the pathways between them that
occur with aging could have critical effects on normal movement.
The changes do not necessarily create identifiable alterations in
motor performance but, along with other pathology, they could
become cumulative, with the end result being loss of function. For
example, a reported loss with age of Purkinje cells in the cerebellum
has not been related to loss of function. However, this change along
with cerebellar degeneration or a cerebellar stroke would be cumula
tive and the result might be a greater deficit than would occur in a
younger individual without Purkinje cell loss who develops a simi
lar medical pathology (Melnick 2oo6b).

In summary, research has shown changes in the anatomy and phys
iology of the brain with aging but has not shown that these changes
affect function directly in the healthy elderly human. Pathology and
disease are the causes of functional limitations. Thus, structural or
anatomical changes due to aging do not necessarily correlate with
functional loss. Similarly, lack of structural or anatomical changes does
not necessarily reflect normal functional ability. The aging process may
affect the potential of the nervous system to adapt with plasticity but
age is only one factor that influences that potential. Aging should never
be considered the primary cause of functional limitations or restriction
of normal life activities (McEwen 2002,Bottomley & Lewis 2(03).

MODELS OF REHABILITATION FOR
THE ELDERLY

Utilizing a model to understand the relationship between the medical
diagnosis, consequent abnormalities in body structure and function
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Figure 5.1 Behavioral model for evaluation and intervention of human movement performance. ROM, range of motion.

and their impact on an individual's physical and societal functioning
facilitates the development of efficient and effective interventions. As
physical therapy practice becomes more complicated, previously
advocated rehabilitation models appear to be inadequate for captur
ing the best picture of this practice. The World Health Organization's
(WHO) International Classification of Impairments, Disabilities and
Handicaps (ICIDH) model (1980) and Nagi's model of Impairments/
Functional Limitations/Disability (1965) have been accepted and
widely used for at least two decades. The Top/Down model was intro
duced during the last decade by James Gordon and the International
Classification of Body Function and Structures, Activity and Partic
ipation (ICF) was introduced by the WHO in 2002. Each model has a
place and a categorization system that can help the clinician organize
and differentiate various system and subsystem problems that lead to
limitations in function and quality of life (Gordon et al2006).

Integration of the Nagi and ICIDH models
Therapists are expected to identify the specific components that
have led to functional problems, predict how long it will take to cor
rect or develop compensation for the problem and establish an inter
vention protocol that will allow the patient to become functional in
the shortest time possible. This responsibility of differential diagno
sis is closely interrelated with the concept of impairment/disability /
handicap as described in the WHO model of 1980. The Nagi model
follows the same conceptual process but uses impairments/
functional limitations/disability as the three-step sequence follow
ing disease or pathology. Figure 5.1 illustrates these models and
shows that they do not proceed in a linear fashion.

Therapists first evaluate functional skills, both attainable and with
limitations, by looking at daily living activities. What allows an indi
vidual to demonstrate normal functional skills are the interactions of
many body systems and their abilities to function adequately to
allow for a normal motor response to a specific task. A breakdown in

any part of one of these systems or subsystems can lead to functional
limitations. These system or subsystem problems are considered to
be impairments within an area and need to be addressed in order to
regain function. Not all impairments lead to disabilities and often it is
the sum of the impairments that create the greatest problems.
Therapists need to evaluate how impairments are affecting move
ment and whether the central and/or peripheral systems have the
potential to be corrected. This conclusion will guide the therapist in
the direction of creating a learning environment that will give normal
function back to the individual or teach the patient to compensate for
the problem, which always leads to a change in motor control.

Top/Down model
The Top/Down model (Fig. 5.2) reverses the direction of clinical
problem solving. It does not start with disease but rather with the
larger roles a patient plays in life, and it continues with the speci
ficity of physiological problems and potential for recovery. Once the
roles are identified and it is confirmed that the patient still wants to
participate in them, the therapist analyzes the functional skills neces
sary to maintain or resume those roles. These skills need bodily sys
tem resources, including physical, cognitive and emotional resources,
to work together.

In this model, the last area of focus is termed recovery. This identi
fies the active and interactive physiological mechanisms necessary
to support recovery and prevent future degrading of quality of life.
This model focuses on the individual first before looking at pathol
ogy as a potential cause or explanation for the limitations in roles
that a person wishes to maintain. The individual and those specific
life roles identified as being important to that individual become the
parameters that direct and set the specifications for the evaluation,
movement science prognosis/diagnosis and the intervention strate
gies selected (Gordon et aI2006).



Figure 5.2 Top/Down model: identification of parameters starting
from life activitiesand ending with recovery intervention.

International Classification of
Function (ICF) model

The ICF model is the second WHO model and was introduced to the
international community in 2002. This model is considered to be an
empowerment model and is based on the strengths of the individual.
It replaces the previous disablement model (ICIDH), which identi
fied the healthy individual from one who was disabled. This new
model replaces the terminology of impairment, disability and hand
icapped with more positive words that define bodily functions and
structures, activities and participation. It is hoped that the ICF model
will replace the previous model throughout the world and will intro
duce a universal language for functioning, disability and health.

In this model, the identification of functional bodily systems and
problems replaces the concept of impairment (Fig. 5.3). Activity is
defined as those tasks, functional behaviors and activities of daily
life that can be executed by the individual as well as those activities
that are limited. Participation in life identifies the social or family
engagements that the individual would choose to engage in, and the
restrictions that limit the individual from engaging in those activi
ties. Often therapists begin their examination at either an activity or
life participation entry point. The patient presents with changes in
normal activities and the desire to return to a better quality of life
motivates the individual to participate in the rehabilitation process.
Thus, the arrows within the figure can go in either direction. As the
therapist examines the functional activities category, environmental
and personal variables that may affect activity and function must be
considered within the framework of the whole person (Gordon et al
2006). The goal is always to guide the patient to or toward the
desired participation activities which will allow the quality of life
that the person expects (Gorman 2006, Lazaro et aI2006, Umphred &
El-Din 2(06).

Summary of models

In the elderly, there exists the potential for problems in many sys
tems and subsystems, such as joint changes resulting in a smaller
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Figure 5.3 Functioning, disability and health:an empowerment
model. Available: http://www.who.int/c1assification/icf.

range of motion, muscular weakness, lack of endurance resulting
from disease or disuse, cardiac insufficiency, pulmonary dysfunction
and central and peripheral nervous system impairments. Children
and young adults can also have these problems, but the elderly have
had many additional decades to traumatize their bodies, to compen
sate for earlier diseases and pathologies and to be exposed to environ
mental hazards that younger people have not. It is the interaction of all
these systems and experiences within their respective lives that ulti
mately leads to functional limitations. Many impairments that occur
within the motor system of aging adults originate within the CNS,
whether or not the patient's acute problems are centrally driven.

THEORIES OF MOTOR LEARNING. MOTOR
CONTROL AND NEUROPLASTICITY

.:' . ~-."""·'·l.'::·"~._. ,-:' '" . \... .,........ '.'\', , .r -'-~"~•..; ~.' 'h'\"4 ~.!~.. ~#o';.!l ..:-~.....~ ...:,,,,'1'a.k'- ~"'_'l _,•. )" ."

Physical and occupational therapists are movement specialists who
receive referrals regarding patients with movement problems that
affect quality of life, including both activities of daily living and
activities of life participation such as golf, hiking, swimming, play
ing card games, gardening, dancing, fishing, birdwatching or any
other identified skill that is valued by the patient. Because of the
complexity of the human organism, there are many systems and sub
systems that interact to drive the observed motor behavior. There are
threedistinct categories that must be differentiated when analyzing
motor behavior as an expression of CNS response to environmental
demands or task-specific goals. These concepts are motor control,
motor learning and neuroplasticity (Shumway-Cook & Woollacott
2000, Gorman 2(06).

Motor control as a system includes components that are differenti
ated into biomechanical, musculoskeletal (power, strength and mus
cle elasticity) and central (state of the motor pool, availability of
synergistic programming, postural integrity, balance, force, speed,
trajectory and automatic versus anticipatory programming). All of
these components interact and must be evaluated within the context
of the environment in which the activity is occurring. That context
will determine whether the eNS can adapt or must be accommo
dated by changes within the external environment. Movement
should never be analyzed by considering only one variable such as
the biomechanical, musculoskeletal or central basis. Ifonly one part is
considered to the exclusion of a large portion of the whole, the person
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Box 5.1 Motor control components and system interactions: dlUiflcatlon of system andsubsystem Impairments

Systems traditionally considered central

1. State of the motor pool
Hypotonicity
Hypertonicity
Rigidity
Tremor

2. Synergies (volitional or reflexive)
Pattern of motorprogram
Flexibility over programming

3. Postural integration
Agonist/antagonist co-activation
Automatic prolonged holding against gravity in all

spatial positions

4. Balance
Limits of stability
Sensory integration of somatosensory, visual, vestibular

inputs
Interaction of ankle, hip, stepping strategies
Interaction with postural function
Interaction with task/environmental context

5. Speed of movement
Ability to alterrate of movement throughout entire task
Movement responses to speed demands

6. Timing
Ability to start, stop and change a motor plan
Interaction with environmental context
Timing of muscle sequencing relationship to task

7. Reciprocal movements
Ability to change direction
Rotatory components present/absent
Turnaround time/delay
Smoothness of agonist/antagonist

8. Trajectory or pattern of movement
Trajectory, velocity, acceleration curve
Smoothness throughout range

9. Accuracy
Placement of entire body ora component partat a

specific point in space
Changes with demand for speed, difficulty of task,

direction, distance

10. Task content
New versus old learning

11. Emotional influences
Value placed on activity
Differentiation of procedural and declarative learning
Fear factor
Motivation

12. Sensory organization
Intact, deficient, compensation, conflict

13. Perception/cognition
Interaction of sensory organization with perceptual

processing
Ability to use cognition to assist in motor learning
Short, intermediate, long-term cognitive abilities

14. Hormonal and nutritional levels of consciousness
Daily biorhythms and levels of alertness throughout day
Drug and nutritional interactions on central and

peripheral function

Systems traditionally considered peripheral or
environmental

1. Range of motion
Specific joint limitation
Causation within joint structure

2. Muscle strength or power
Muscle endurance
Muscle power

3. Cardiac function
Output
Pacing
Endurance
Interaction with respiratory system

4. Respiratory function
Input/output
Exchange
Interaction with cardiac system

5. Circulatory function
Ability to supply muscles with foodstuffs, oxygen,

minerals, etc
Ability to eliminate waste

6. Other organ and system interactions
Skin integrityand pliability
Kidney, liver, intestinal function

7. Environmental context
The specific task or functional activity
Familiarity with existing task or environment (hospital

versus home)

8. Endurance
Differentiation of disuse from system failure or

inefficiency

9. Psychosocial factors
Family demands
Ethnicity, cultural beliefs and stressors
Past experiences and role identification
Religious beliefs and their interaction with healthcare

delivery
Individual's beliefin and acceptance of a healthcare

system and its expectations



is forgotten. The end result of forgetting the patient will impact on
both prognosis and treatment (Umphred et aI2006).

Movement is always a combination of interactions of all of the
variables that determine the motor patterns observed. These pat
terns assist a therapist in determining whether the movement
expressions are caused by degeneration due to age, disuse over time
or disease. Box 5.1 illustrates the variables under motor control that
are considered to originate within the nervous system and those that
do not. Thus, motor control is the study of how an individual con
trols movement already acquired.

Tounderstand the distinctions between a system or subsystem func
tion and physiological mechanism problem (impairment) and a func
tional activity or limitation (disability), it is necessary to analyze how
the various systems function together in the healthy elderly individual.
For the most part, the human body has been provided with large phys
iological reserves within each system. Thus, a deficit in a portion of one
system may have little or no effect on the whole organism because the
reserves in other areas can substitute for small deficiencies.

It has been postulated that, with aging, many areas of physiologi
cal reserve may be close to a critical level of maximal adaptation. In
this scenario, the whole organism functions normally, using all its
capability to adapt and learn until the occurrence of an acute problem
in one area. Similar to a domino or cascading effect, one small prob
lem forces the entire motor system beyond its capability to adapt or
learn and the end result is loss of function in specific activities
affected by the given pathology or disease. Established motor control
mechanisms become insufficient to run smoothly and adequately for
motor expression of the entire system. In some instances, there can be
improvement within systems or subsystems as a result of impairment
training, functional training and environmental manipulations.
Healing or establishment of homeostasis can also result from medica
tion, surgery and the body's response to disease, as well as therapeu
tic interventions that enhance system and subsystem function. This
is especially true if some reserve is still available and the patient is
motivated to learn and regain function.

If the clinician correctly relates specific impairments to certain func
tional movement problems and creates an optimal environment for
relearning, then even with depleted reserves, function often can be
improved (Rossini & Dai 2004). In other instances, the therapist can
not change the impairment but can find an alternative way for the
patient to use intact systems to perform the desired function. For
example, an aging individual who chooses to become more seden
tary over time may no longer need to keep his or her vestibular sys
tem at a high level of sensitivity. The lack of movement may lead to
some joint limitation in the ankles and hips, which may decrease the
limits of stability of balance and increase a fear of falling. As the indi
vidual ages, his or her visual system may also become compromised.
None of these minor impairments necessarily leads to balance dys
function or to falls. If, however, this same person then suffers a vas
cular insult with acute residual motor impairments, the additional
preexisting impairments become compounded and interact with the
new problem.

Motor learning is the study of how an individual acquires, modifies
and retains motor memory patterns so that programs can be used,
reused and modified during functional activities. The critical ele
ments of motor learning deal with the stages of learning, the practice
context that optimizes the learning, the practice schedule used and
the reinforcement strategies employed to optimize that learning
(Shumway-Cook & Woollacott 2000,Schmidt & Lee 2005).

Neuroplasticity can be defined as the brain's ability to adapt and
use cellular adaptations to learn or relearn functions previously lost
because of cellular death caused by trauma or disease at any age.
These changes occur in response to a variety of both external and
internal demands placed upon the CNS. In reality, neuroplasticity
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occurs throughout life and does not stop once an individual reaches
old age. The CNS internally adapts to occurrences in life whether
they result from normal changes or from chronic disease, trauma,
metabolic imbalances, dietary or external demands.

Until the more recent scientific discoveries regarding neuroplastic
ity, the medical and research environments believed that, once a neu
ron was damaged or died, the only mechanism able to replace the
function of that specific cell was adaptation of other neurons, and
that adaptation ultimately leads to a decrease in the function of the
CNS. As observant clinicians, therapists have recognized that patients
learn after trauma and that, just because someone is elderly and suf
fers a stroke, the potential for learning cannot be determined through
a medical protocol. Neuroplasticity has shown that change and cellu
lar growth can occur, especially when the external and internal envi
ronment nurtures that change and the activity has some novelty (Ito
et al2oo5, Gorman 2006).Motivation of the individual, environmental
tasks that allow the motor functions of the CNS to succeed and opti
mizing the potential change by focusing and integrating aspects of
motor learning create the best environment to encourage neuroplastic
ity (Umphred et aI2006). As clinicians, educators and researchers, the
authors have always believed that, 'If a motor behavior looked right to
us or other people, was easy and enjoyable for the patient; then some
how the intervention was creating change in the direction of normal
ity and functional recovery no matter the theory'. Neuroplasticity has
given the basic science efficacy to that statement.

SYSTEM INTERACTIONS AND REHABILITATION

It is the total interaction of all systems that the therapist must con
sider when establishing goals with a patient. Some systems that have
changed over a long period of time will probably not readapt
quickly, such as joint contractures. If range of motion is regained but
power is not available, then function is not regained, and the thera
pist has just shifted to a new impairment.

Some systems that have changed may no longer have the ability
to adapt. Vision is a good example of this phenomenon. Still others,
for example the CNS, may have undergone both chronic and acute
injury such as disuse prior to a stroke. The therapist will have to
determine through an assessment process which systems are trying
to compensate for the systems with deficits, thus not showing the
dysfunction themselves, and which systems are permanently dam
aged and no longer have the ability to compensate and learn.

Loss of primary sensory input from peripheral damage and
diminution of that sensory information on the primary somatosen
sory parietal receiving lobes is more devastating to the nervous sys
tem than loss of associative areas, which can be replaced by other
areas (Kandel et al 2(00). The difficulty therapists have with assess
ment is determining whether the primary system is nonfunctional or
whether the amount of incoming sensory information is not at a level
at which awareness is recognized. This same phenomenon exists
within the motor system. If a system is overpowered by the tone of
another system, the initial behavior will be masked. For example, if
an individual suffers a stroke and has residual hypotonia within the
involved upper extremity, the natural inclination of a therapist is to
try to increase proximal tone for better stabilization. But, if the tone is
increased without functional control of fluid and relaxed movement
patterns, the tone is often asymmetrical and hypertonic. This increase
of proximal tone through the ventral, medial and lateral descending
tracts often overpowers the descending corticospinal tract and, thus,
hand function is minimal if present.

If the visual system is deficient and compensation is not available,
increasing awareness of the vestibular and somatosensory systems
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Figure 5.4 Time variables for motor control, motor learning and
neuroplasticity.

will allow for retention of motor programs for balance. If this specific
training is not a focus, then balance impairments and a potential for
future falls exist. Disuse, fear of falling or falling itself can lead to a
functional limitation and a decrease in participation in most social
activities (Umphred & EI-Din 2006). Although disuse and muscle
weakness, affective fear and reinforced fear following a fall are not
permanently damaged physiological mechanisms, they can certainly
lead to chronic motor problems.

The acute physiological reason for a fall, such as a stroke, heart attack
or acute hypotension, needs to be addressed by a medical team. The
prognosis of impairments resulting from disuse or fear can be inte
grated into intervention for the acute CNS damage (Chen et al2005).
All three (visual, vestibular and somatosensory) impairments indi
vidually and collectively alter balance and the end result is a high
risk of falls and future impairments from a fall. The physiological
category of impairment is balance; the specific impairments fall under
musculoskeletal and central mechanisms of motor and limbic sys
tems. If sensory deprivation in anyone or more of the sensory sys
tems responsible for balance is also affected, that system is also
considered a deficit in a physiological mechanism. Central impair
ments may include state of the motor pool, synergistic patterning,
postural control, perceptual distortion of position in space, anxiety
or other systems that work for consensus when controlling move
ment. Each mechanism can be evaluated as it is identified and quan
titatively measured. The number and magnitude of impairments
will determine prognosis and clearly direct the therapist toward
intervention strategies that will guide the patient toward desired
functional outcomes.

The therapist can determine whether motor control, motor learning
or neuroplasticity is the primary mode used by the patient's CNS.
Figure 5.4 indicates the time variable for each of these potential areas
of CNS response. Spontaneous control following intervention sug
gests that the therapist has created an environment within which the
patient can control responses. Thus, future interventions need to
broaden the variability of that environment to facilitate variability in
control and learning. If the patient progresses slowly following each
treatment session, the therapist may be assisting in correcting physio
logical impairments and/or encouraging motor learning. Given this
as a prognosis, more time will be needed and determination of the
stage of motor learning is important in order to optimize the learning.
If the progress of the patient is very slow but continuous and over a
long period of time and the patient still exhibits flexibility in learning
and control, neuroplasticity has probably occurred.

When the therapist introduces an activity and motor learning
becomes necessary, the specific stage of learning must be identified:
acquisition, refinement or retention. Stage one, acquisition, requires
extra reinforcement, which can be internally driven through normal
inherent sensory feedback systems or externally driven through aug
mented feedback from someone else. As the individual increases their
skill in the activity, less feedback is necessary and internal self
correction should become more observable. Similarly, the type of
practice schedule selected by the therapist can range from mass prac
tice (daily and structured) to distributed (scheduled by the therapist or
patient with larger gaps between treatment) or random (part of an
activity of daily living) practice. Acquisition of a skill requires mass

practice whereas retention depends more on random practice
(Shumway-Cook & Woollacott 2000, Schmidt & Lee 2005, Gorman
2006).

When the therapist introduces the activity, another concept must
be considered. The task itself will determine whether it will be prac
ticed as a cohesive activity, taught in separate parts and then put
together as a whole, or taught as a progressive sequence of parts.
This is the practice context. Simple and discrete tasks like standing
from a chair are more easily taught as whole activities, whereas a
complex skill is generally learned best as an activity that is broken
into parts and then reassembled as a whole. Intermediate skills and
serial tasks are often best learned progressively.

Much of the research from a decade ago regarding aging, changes
within the nervous system and motor control identified that, as
humans age, they lose cognitive function, memory and motor skills.
These results, which were statistically Significant from a research
perspective, did not necessarily prove significant when functional
behaviors such as sit to stand, eating using utensils and standing bal
ance were analyzed. It has become evident that, as an individual
ages, changes occur within the CNS. Whether they progress to func
tional loss or to neuroplasticity has more to do with the novelty of
the task (Ito et al 2005), the motivation of the learner (Umphred et al
2006), the environmental variables and the state (i.e, healthy or not)
of the components of the body.

Current research suggests that changes in function are almost
always related to disease or pathology. However, disuse is another
variable that drives decline. Thus, elderly people who have the good
fortune of maintaining their health, who stay physically and mentally
active, who participate in life activities and engage in new, novelleam
ing should not show functionally Significantchanges in motor behav
ior. The brain will engage in neuroplasticity under normal healthy
environments when cellular change is occurring. It will also engage
in reorganizing, restructuring and reconnecting neuronal activity
between and within nuclei whenever possible. Variables that help to
nurture that plasticity and learning are motivation, attention to the
task, maintenance of metabolic health, ability to successfully use multi
ple sensory input systems as part of maintaining and relearning motor
function, and challenging the CNS both physically and mentally on a
consistent level. Thus, declines in motor skills, executive functioning
and memory may be better correlated with a long pattern of disuse
over decades rather than chronological age. Elderly individuals show
declines in many abilities but the causes of those declines are multifac
torial and should not be labeled as 'aging' (Rossini & Dai 2004).

CLINICAL EXAMPLES

In many instances, improvement of impairments, such as those
involved in range of motion, muscle power or balance, can be
achieved through therapeutic activities. If the therapist correctly
relates the subsystem or physiological mechanisms that are affected
to specific functional activities valued by the patient, both the sub
system mechanisms as well as the functional activity skill will
improve, giving the patient a better quality of life. In other instances,
the therapist cannot change the impairment problem but can find an
alternative that allows the patient to compensate and use intact sys
tems to perform the desired function, again giving the individual
more control and greater opportunities to participate in life.

In the first scenario, the patient has a high probability of going
beyond skill acquisition through refinement and may even retain
and carry the skillieamed into other functional activities. In the sec
ond scenario, compensation is being taught and thus the skillieamed
is activity-specific and may have little carryover to other functional



behaviors. Given the plasticity of the CNS, there is usually untapped
potential within the client and empowering that person with hope
will playa key role in unlocking the limbic aspect of neuroplasticity.
As soon as hope is taken away, the CNS loses its drive to change and
thus the likelihood of any neuroplasticity developing is low.

An example of the first instance is Mr Smith, who recently had a
cerebrovascular accident (CVA) with residual motor problems in
both his right upper and lower extremities. The therapist worked
with him, putting him into postures and situations or activities
involving sitting, which demanded that his trunk and hip muscles
respond with balance and weight shifting. These responses activated
existing neurological mechanisms to regain power, strength, balance
and range that might have been lost because of hospitalization or
disuse at home. The therapist also used a partial body weight sup
port system to allow the patient to practice walking and meet the
need for normal power in walking, posture and co-activation during
walking. Initially, the therapist placed the patient's right foot on each
step but within two weeks the patient was able to bring the right foot
through during the swing phase of gait and walk short distances
using a quad cane. The CNS was learning to regain and control all the
mechanisms necessary for normal ambulation without compensatory
gait patterns. Motor learning was occurring because, although it had
taken weeks, it was progressively improving over time. The patient,
through whole-part learning, was able to stand-pivot-transfer from
bed to chair to toilet to shower to chair independently before leaving
rehabilitation. Although the patient had motor control over the upper
extremities, his power was poor. Initially, the therapist supported the
shoulder during reaching and hand-to-mouth activities in order to
prevent the development of an abnormal shoulder pattern. The
patient practiced effortless reaching with his shoulder supported over
a ball, again to reduce the need for power while encouraging func
tional arm movement with controlled hand dexterity.

Once it was determined that Mr Smith had hand and arm function,
the therapist, with consent from the patient, encouraged him to only
use his right limb. This might be considered constraint-induced ther
apy but the patient was volitionally making the decision, which
encouraged emotional buy-in and increased the possibility of neuro
plasticity. Although he was discharged from the rehabilitation pro
gram, he came back in for a follow-up visit 6 months later. At that
time, his right upper extremity function was still not normal but he
could use his hand to write his name and the entire extremity to
assist in any upper extremity functional activity of his choice. This
follow-up improvement probably resulted from neuroplasticity
within the CNS. Along with the trauma from the CVA, Mr Smith
drove that change.

As a clinician, whether the change was due to learning, spontaneous
return or neuroplasticity is irrelevant. Both the therapist and the
patient's goals are functional recovery and, as long as that was the out
come, the exact neuromechanism seems unimportant. It is up to
researchers to help determine how the CNS adapts and changes so tha,
future therapeutic programs can be more effective and efficacious. In
this example, it is important for the therapist to identify by early testing
what previously learned motor programs are intact within the neuro
musculoskeletal loop systems. Initially, that determination may be
made by eliciting responses or guiding movement and feeling the pro
grams as they come in to assist in a functional movement. Ifalternative
loops or synaptic sensitivities exist, recovery potential is high and the
prognosis is good, as long as the treatments are consistent with appro
priate environmental contexts, practice scheduling, practice context
and the goals and expectations of the patient.

The second scenario involves Mrs Jones, an elderly client with
a recent amputation following prolonged. diabetic instability and
eventual gangrene. The therapist was never going to change the
physiological mechanism that was the cause of limb amputation or
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the medical condition of diabetes. The amputation had, by itself,
altered the state of the CNS. The sensory system had changed, as had
the posture, balance and motor programming needed to ambulate with
a prosthetic device. The inherent sensory feedback necessary to create
new programs had to be evaluated. The sensory physiological mech
anisms may have been progressively deteriorating because of the
diabetes. However, if new learning could occur and new programs
written, this elderly individual might be able to run the programs,
even with progressive sensory deterioration. Thus, the therapist had
to work with the patient in using a prosthesis to regain normal gait
programming. Strengthening the residual limb muscles would not nec
essarily translate into a smooth and normal gait using a prosthesis.

Tomatch the context of the environment with the task, the program
ming necessary and the patient-specific impairment, the therapist
wanted to work on standing and walking. Additional considerations
such as skin integrity, pain and range of motion had to be interfaced
with the practice environment. The therapist was potentially optimiz
ing the environment for early and maximal function. Knowing that
the gait training would be considered a new learning situation
allowed the therapist to guard for error while the patient walked.

The old programs for walking that were learned by the client as a
small child and practiced for decades would function with the
remaining muscle groups but not as a total program that encom
passed the prosthesis. In this situation, the therapist wanted the
patient to concentrate on the task at first to bring in somatosensory
awareness and sensory-motor planning. Once the patient demon
strated that the program was present, the therapist needed to distract
the patient's attention on the walking motor activity and allow the
motor system to practice running the program. In order for the client
to be truly successful in this new variation of ambulation, she had to
practice it as a feed-forward automatic task. At first, the practice had
to be performed on a mass-practice level before, finally, it was per
formed as an activity of daily living, in which walking was part of life
and practiced on a random schedule. As Mrs Jones began to regain
her participation in life, with walking as an expected outcome, she
started to cha11enge herself in many environments, which further
increased her ability to adapt and change. Varying the lighting or sur
face, or distracting with conversation, are examples of cha11enges a
therapist might use and eventually recommend to a caregiver.

Gait is a preprogrammed pattern that develops variability in rela
tionship to different contexts, so practicing the gait pattern as a
whole would be the context of choice. In this example, the therapist
has created an environment that has changed the CNS, even though
the original physiological mechanism that was damaged was not
centrally induced.

CONCLUSION

The CNS is a complex conglomerate of nuclear masses that commu
nicates with all bodily systems and expresses thoughts, feeling and
desires to the world through motor behavior. This function, or the
goals it represents, does not change with advancing age, nor does a
specific age imply that the CNS is no longer functioning adequately
or normally or that it has a diminished ability to adapt and learn. Yet,
through life's experiences, age itself does potentially affect all bodily
functions, including that of the nervous system. Life's physical trau
mas, habits and environmental stressors can all become additive and
cause slow progressive deterioration of one or all of the body's anatom
ical systems over time. One system, the CNS, has the capability to
adapt and change depending upon internal and external environ
mental demands. This plasticity is dependent upon other systems
for oxygen, nutritional demands, or delivery of both substances and
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removal of waste. It is also dependent upon homeostasis of a large
number of neurochemicals, intracranial pressure and healthy com
munication between and within the internal and external environ
ments. Change and novelty can create neuroplasticity. On the other
hand, change and novelty, when beyond the systems' capabilities to
adapt, can cause functional motor problems. The nervous system
adapts more easily when change occurs slowly. Unfortunately, many
geriatric patients suffer a variety of eNS trauma or pathologies that
dramatically affect functional movement. Whether these problems
cause specific impairments, functional limitations or decrease the
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INTRODUCTION

The determination of health and wellness among young individuals
is relative, varying from person to person. Similarly, the effects of an
aging cardiovascular system vary among the elderly. There is con
troversy in the literature regarding the application of a single model
to the influence of aging on heart function. Structural changes that
occur with aging are more consistent and more easily identifiable
than physiological changes. The latter findings are difficult to distin
guish for several reasons, including the interrelatedness of dynamic
variables contributing to myocardial performance, the pathophysiol
ogy and symptomatology of heart disease, and the concept of
hypokinesis in American society, of which the older person is con
sidered to be partly entitled (Lakatta 1993,Susie 1997). In addition,
comparisons between studies are limited because of measurement
inconsistenciesand varying definitions of 'elderly' and 'heart disease'.
Many of the pioneering studies of the 1950sand 19608 continue to be
reproduced, using new definitions of 'old' and paying more deliber
ate attention to the presence of heart disease in study populations.

Nevertheless, there is a general consensus regarding the effects of
aging on several factors that influence cardiac performance. These
factors have been studied in older individuals who are healthy and
in those with heart disease, both at rest and during various levels of
exertion. This chapter presents these findings as a model of declining
cardiac performance with increasing age. Comparisons are made to
the baseline 'young' model in an attempt to define a 'healthy older'
model. The unique influences of exercise and disease on this model
are then discussed, with emphasis on the clinical implications of
these physiological changes.

CARDIOVASCULAR STRUCTURE

Age-related changes in cardiovascular tissue can be found in cardiac
contractile fibers, conducting tissue and valvular structure (Lakatta &
Levy 2oo3a).Although the actual number of myocytes decreases, the
myocyte volume per nucleus increases in both ventricles. Commonly,
the coronary microvasculature is unable to accommodate this
increase in tissue volume, which raises the likelihood of myocardial
ischemia. In addition, there is an increase in nondistensible fibrous
tissue and an accumulation of senile amyloid deposits (see Box 6.1).
In the elderly, the loss of pacemaker cells (sinoatrial node tissue) and
the increase in fibrous tissue in conducting pathways combine to
increase the risk of cardiac arrhythmias.

Box 6.1 Age-related changes In cardiovascular tissue

Cardiac

~ Number of myocytes (myofibrils and pacemaker cells)
t Size of myocytes (myocellular hypertrophy)
t lipid deposition in myocytes
t lipofuscin deposition in myocytes
~ Mitochondrial oxidative phosphorylation
t Amyloid deposition in the heart
~ Rate of protein synthesis in internodal tracts
t Fibrosis and calcification of valves (especially the mitral

annulus and aorticvalve)

Vascular

t Endothelial cell heterogeneity (size, shape, axial
orientation)

t Nondistensible collagen, fibrous tissues and calcium in
media

t Thickness of smooth muscle cells in media
~ Release of nitric oxide bycoronary endothelium

t,Increased; !. decreased.
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Table 6.1 Age-related cardiovascular responses to exercise

Effectsof After exercise
Response aging training

Resting
Oxygen consumption ~ ~

Heart rate ~ 4-+

Stroke volume ~ 4-+

Arteriovenous oxygen difference t ?

Submaximal exercise
Oxygen consumption ~

Heart rate - !
Stroke volume ~ ?
Arteriovenous oxygen difference t ?

Maximal exercise
Oxygen consumption ! t
Heart rate ! -Stroke volume ! or t t
Arteriovenous oxygen difference !or- tor~

Cardiac output ~(?) or t -
Reprinted from Protas E1993 Physiological change and adaptation to exercise
in the older adult. In:Guccione Aled) Foundation of Geriatric Physical
Therapy, 2nd edn, Mosby, StLouis, MO, with permission from Elsevier. t,
Increased; ~,decreased; ......, nochange; ? insufficient data on elderly subjects.

Simultaneous age-related changes occur in coronary arteries and
systemic vasculature. These changes tend to increase the stiffness of
the vessel walls (see Table 6.1, Fig. 6.1) (Priebe 2(00). Typically, proxi
mal segments of the arteries change first, and the left coronary artery
changes before the right. Together, the locations of the changes and
the increased vessel rigidity cause an increase in peripheral vascular
resistance. The heart attempts to adapt to this increased afterload
(see discussion below) with myocellular hypertrophy, which proba
bly accounts for the increase in myocyte volume previously men
tioned. Alterations found in endothelial cells lining the arterial
lumen cause a decrease in laminar blood flow, possibly establishing
sites for lipid deposition, and further increase cardiac afterload. In
addition, decreased nitric oxide release from the coronary endothe
lium further reduces vasodilator capacity in the older individual
(Susie 1997, Lakatta & Levy 2003b).

CARDIOVASCULAR PHYSIOLOGY

The purpose of the heart is to pump blood rich with oxygen to body
tissues. The ability of the heart to do this work efficiently is closely
affected by three other systems: the lungs, the vasculature and the
blood. Age- or disease-related changes occurring in these systems will
directly affect cardiac function (see related Chapters 7, 9 and 13).

Cardiac output (CO), or the volume of blood pumped to body tis
sues each minute, depends on the frequency of cardiac contractions
(heart rate, HR) and the volume of blood ejected with each contrac
tion (stroke volume, SV). HR can be influenced by many external fac
tors; however, intrinsically, the HR depends on pacemaker tissue
function and autonomic nervous system stimulation. In addition to
the loss of pacemaker cells in older people, there is also a decreased
sensitivity to beta-adrenergic stimulation (see Box6.2).These two age
associated changes in heart rate control mayor may not affect the

resting heart rate, but they do typically decrease the maximal heart
rate after exercise (Fleg et al 1994).

CO is maintained in the older individual if the SV is able to
increase and compensate for any blunted HR response. This is the
case if the individual remains physically fit, but usually the resting
and submaximal CO tend to decrease with age because of a decrease
in SV. This reduction in SV may occur as a result of alterations in a
number of variables (see Box 6.2).

Box 6.2 Age-related changes in cardiovascular
function

! Beta-adrenergic responsiveness
i Afterload (vascular impedance)
! Early diastolic filling
i Dependency onatrial contraction
i Contraction-relaxation time (prolonged)
i Leftventricular end-diastolic pressure (rest and

exercise)
! Ability to adjust to rapid volume shifts
i Vascular tone
Leftventricular hypertrophy

t. Increased; ~. decreased.

SV is influenced by ventricular filling (preload), ventricular con
tractility and peripheral vascular resistance (afterload). Ventricular
filling occurs early during diastole and is rapid and mostly passive,
with the last part of filling attributed to atrial contractions. However,
with aging, a prolonged contraction-relaxation time and decreased
myocardial compliance (because of the increase in nondistensible
fibrous tissue) cause a greater dependency on slower, active atrial
contraction for the majority of diastolic filling (see Fig. 6.2).

Myocardial contractility is directly affected by sympathetic nervous
system stimulation, specifically, beta-adrenergic receptors. Older
individuals are less responsive to catecholamine stimulation, which
results in a blunted inotropic response. In addition, if diastolic filling
volumes are inadequate, contractile tension can be diminished, as a
consequence of the Frank-Starling law of the heart, which states that
the energy ofcontraction is proportional to theinitial length of thecardiac
muscle fiber.

The final component of SV determination is cardiac afterload
(opposition to left ventricular ejection). As discussed above, after
load increases with aging because of increased vascular rigidity.
Vascular stiffness is a result not only of loss of elastic elements but
also of decreased responsiveness to catecholamine stimulation,
which enables prolonged vasoconstriction.

It is important to note that, in the aging heart's attempt
to maintain CO, the consequent left ventricular hypertrophy can
account for the onset of myocardial ischemia independently of coro
nary atherosclerosis (see Fig. 6.3). On a purely physiological basis,
several factors may contribute to the older heart's increased predis
position to developing ischemia:

• a disproportionate increase in myocyte size relative to the avail
able circulation, resulting in a demand by tissues for more oxygen
than the blood can supply;
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Figure 6.1 Cardiac adjustments to arterial stiffeningduring aging. L, left; LV, left ventricular.
MDo2, myocardial oxygen supply; MVo2• myocardial oxygen demand.
(Reproduced with permission from Priebe HJ 2000. e The Board of Management and Trustees of the British Journal
of Anaesthesia. Reproduced bypermission of Oxford University Press/British Journal of Anaesthesia.)

• an inability of aging coronary vessels to dilate because of increas
ing stiffness and prolonged sympathetic-mediated vasoconstric
tion, resulting in an inadequate blood supply for cardiac demand;

• the prolonged time for ventricular relaxation, which utilizes more
energy and oxygen than a rapid relaxation period, thus creating
a supply-demand imbalance;

• myocardial ischemia caused by any of these physiological
processes of aging, which further decreases myocardial compli
ance and worsens ischemia, ventricular filling and, finally, sys
tolic function, potentially resulting in heart failure.

AGE-RELATED CARDIOVASCULAR CHANGES
AND EXERCISE

The decline in cardiac performance that occurs with aging reduces
cardiac reserves. The healthy older individual is less able to accom
modate to the added stress of exertion and fatigues more easily than
the healthy younger individual with comparable workloads. Maximal
oxygen consumption [V~(max)l, a measure of total body oxygen
intake at exhaustion and an index of overall cardiovascular and pul
monary fitness, tends to decrease with aging (Dehn & Bruce 1972,

Schulman et al 1996).Oxygen consumption (V~) can be expressed
by the following formula (the Fick equation):

V~ = CO X (a - v)~; or

Oxygen consumption = cardiac output x arteriovenous oxygen
difference

The decline in V~(max) may be partially attributed to a decrease in
CO. The age-related decrease in skeletal muscle mass and conse
quent decrease in oxygen extraction may also contribute to the
decrease in V~(max) (see Table 6.1).

Elderly individuals who exercise regularly and maintain an
active lifestyle show less of a decrease in V02(max ) and may be able to
reverse a number of age-associated changes in cardiovascular func
tion (see Table 6.1). In general, daily light to moderate aerobic-type
activities may be adequate to achieve cardiovascular benefit. It is of
interest to note that many of the benefits of exercise training enjoyed
by older people are similar to those found in the younger population.
For example, compared with sedentary elderly individuals, older
individuals who are exercise-eonditioned tend to have a lower rest
ing HR and blood pressure, improved diastolic function, lower
peripheral vascular resistance and improved peripheral oxygen uti
lization. In addition, 'trained' elderly individuals demonstrate lower
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Age (years)

Figure 6.2 Age-associated decrease in earlydiastolic filling rate is
compensated for by an increase in filling dueto atrial contraction.
(Reprinted from Swinne CJ et al 1992, with permission from
Excerpta Medica.)

rates of myocardial infarction, heart failure and overaIl morbidity
and mortality because of disease. Strength training also contributes
to improved endurance and efficiency in daily activities (Nied &
Franklin 2(02).As long as it is medically safe,both high resistance/low
repetition and low resistance/high repetition training can contribute
to improved cardiovascular health.

AGE-RELATED CARDIOVASCULAR
CHANGES AND DISEASE

Advancing age is associated with increased morbidity. More than
50% of all individuals over 60 years of age have heart disease. The
combination of age-related changes in the cardiovascular system
and the impact of heart disease on cardiac performance makes phys
iological responses during rest and exercise difficult to anticipate.
Isolation of the effects of aging on the heart is inconclusive in the
presence of heart disease. For example, myocardial scarring caused
by the chronic ischemiaofcoronary artery disease decreasesventricular

compliance and slows ventricular filling, eventuaIly promoting
diastolic dysfunction. As discussed previously, the senescent heart
also exhibits increased myocardial waIl stiffness, which slows ven
tricular filling and can similarly lead to diastolic dysfunction.
Diastolic dysfunction is the primary cause of heart failure in elderly
patients (Gardin et al 1998). More than 50% of patients older than
80 years who have heart failure have 'normal' systolic function.
Table 6.2 lists additional examples of the clinical consequences
of age-related cardiovascular changes, some of which cannot be dis
tinguished from preexisting disease. Clinical measures that may
assist the practitioner in recognizing these changes are also listed in
Table 6.2.

In addition, older individuals with comorbidities of the lung or
circulation can show significantly reduced exercise capacities.
Failure of the lungs to diffuse oxygen into the blood effectively or
failure of the blood to transport oxygen and exchange it in the tissue
creates a greater demand for cardiac efficiency.The older individual
may not have the reserve capacity to increase either the HR or the SV
to meet this demand. This may stimulate compensatory mechanisms
in cardiac performance, such as ventricular hypertrophy, or prevent
the individual from tolerating physical activity.

It is worth noting that the older individual typically takes med
ication for the management of heart disease or other illnesses. Many
of these agents directly alter the physiological performance of the
heart at rest, during exercise or both. Often, the prescribed dosage of
a drug does not achieve the desired therapeutic outcome and may
contribute to polypharmacy, which increases the risk of drug toxicity.
For example, digoxin, a drug commonly prescribed for the manage
ment of congestive heart failure and atrial arrhythmias, can be toxic
in an older individual. Digoxin tends to accumulate in the blood
because of the reduced glomerular filtration rate through the kid
neys, a common finding with aging. When quinidine, an antiar
rhythmic drug, is taken in combination with digoxin, the serum
digoxin level may double, further increasing the risk of digoxin tox
icity, a potentially fatal condition. Hence, knowledge of the indica
tions and pharmacokinetics of commonly prescribed drugs is
essential for caregivers working with a geriatric population (see
Chapter 12).

Dehydration is a common finding in older individuals. The direct
cardiovascular effects of dehydration, including reduced ventric
ular filling volume, can impair cardiac performance and result
in hypotension. The combination of dehydration and the delay in
autonomic responses to position change that is commonly seen in
the older individual often results in orthostatic hypotension, a sig
nificant risk factor for falls that may go unrecognized until a faIl
occurs.

CONCLUSION

Cardiac performance is a dynamic interplay of compensatory mech
anisms, some of which may not be available in the older individual.
The senescent cardiovascular system, stressed by the presence of
disease of the heart or other organs and commonly supported by
pharmacological agents, appears to be vulnerable to decompensa
tion. Although the aging process cannot be stopped, healthcare
providers are chaIlenged not only to help the healthy older individ
ual to safely slow or reverse the progressive decline but also to con
sider these changes when implementing a demanding rehabilitation
program. The value of an exercise program for older individuals
should not be underestimated. Minimal improvements in cardiovas
cular and pulmonary fitness can enable an older person to continue
to live independently.
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Figure 6.3 Changes in the vasculature and heartassociated with aging. Changes below the bisecting line
tend to occurwith 'normal' aging and without clinical symptoms. Above a certain aging threshold, these
changes tend to produce clinical symptoms. LV, left ventricular. (From Lakatta Et Levy 2003b, with
permission from LippincottWilliams Et Wilkins.)

Table 6.2 Clinical consequences of age-related cardiovascularchanges and clinical measurements

Age-related change-

t Beta-adrenergic responsiveness

t Vascular tone;
t vascular stiffness

(t afterload)

! Pacemaker and conducting
tissue cells

! Ventricular compliance

! Early diastolic filling

Prolonged relaxation time

Clinical consequences

Blunted heart rate response to exercise
Orthostatic hypotension
Longer to reach steady state
Longer to recover fromexercise

Systolic hypertension
Signs of ventricular hypertrophy

Symptoms of myocardial ischemia
Arrhythmias (e.g. sss")

Conduction blocks

Diastolic dysfunction, heart failure

Leftatrial hypertrophy, atrial
arrhythmias

Symptoms of ischemia

Clinical measure/symptomb

HR, BP, RR, RPE
HR, BP, lightheadedness, change in color
HR, RR
HR,RR

BP
Laterally placed PMI

RPP, ECG, chest pain, change in color
HR, BP, ECG, rhythm

HR, BP, ECG, rhythm

54, BP (may be normal)

HR, ECG, rhythm

RPP, ECG, chest pain, change in color

OJ, Increase; !.decrease.
bHR, heartrate;BP. blood pressure; RR. respiratory rate;RPE, ratingof perceived exertion; PMI, pointof maximal impulse; RPP, rate-pressure product; 54,fourth
heart sound.
'sss, sick sinus syndrome.
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INTRODUCTION

Age-related changes in the pulmonary system of a healthy individ
ual arc slow and progressive. Often, the decline in pulmonary func
tion is not noticed until the person reaches 60, 70 or even 80 years of
age. Unlike the cardiovascular system, the pulmonary system has
large reserves available to compensate for the structural and physio
logical consequences of aging. However, in the presence of pul
monary disease, these ventilatory reserves are often inadequate and
can impose severe limitations on the performance of physical activi
ties (see Chapter 47 for a discussion of pathological lung conditions).
In addition, exposure to environmental toxins over a lifetime can
contribute to a more rapid decline in pulmonary function in the
older person.

The age-related changes that occur in lung tissue and in the'muscu
loskeletal pump' are discussed in this chapter. A clear distinction
between the effects of aging, subclinical disease and prolonged expo
sure to air pollutants on the pulmonary system is difficult to establish
as all three cause similar structural and physiological abnormalities
(Chan & Welsh 1998). General observations regarding the senescent
lung and the effects of exercise and pulmonary disease on age-related
changes in pulmonary function are also discussed. The clinical effects
of aging on the pulmonary system and the implications for caregivers
of older individuals are identified.

PULMONARY STRUCTURE

Age-associated changes can be found in the anatomical structures of
the pulmonary system. Both the gas-exchanging organ (the lung tissue)
and the musculoskeletal pump (the thoracic cage and its muscular
attachments) show decline in the older individual when they are com
pared with the organs of a healthy younger person (see Box 7.1).

Box 7.1 Age-rellted chlnges in pulmonlry system
structure

Airways

t Rigidity of trachea and bronchi
~ Elasticity of bronchiolar walls
~ Cilia

Replacement of smooth muscle fibers in bronchioles with
noncontractile tissue

Lungs

t Mucus layer (thickening) and t mucus glands
t Thinning of alveolar walls (~ alveolar collagen)
~ Functional respiratory surface resulting from destruction

of alveolar septa (loss of fibrous supporting network)
t Alveolar diameter with a ~ in alveolar surface area
~ Alveolar-capillary interface (because of t alveolar size

and ~ capillary bed)
t Lung compliance
~ Lung parenchymal weight

Vascular walls stiffen as media and intimathicken
Probable ~ surfactant-producing cells

Respiratory muscles

~ Contractile protein
i Noncontractile protein
i Connective tissue
~ Capillary numbers relative to muscle fibers
t Contraction and relaxation times

Alteration in diaphragm position and efficiency

Skeleton

~ Loss of bone mineralization
~ Disk spaces
~ Costal movements resulting from reduced sternal and

costovertebral motion (t stiffness at joints)
t Anterior-posterior thoracic diameter
t Kyphosis resulting from a decrease in thoracic length

t. Increased; !. decreased.
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The lung

Changes in the alveolar membrane, including loss of the alveolar
capillary interfaceand increase in alveolar size due to the destruction
of walls of individual alveoli, are the major forms of damage found in
the aging lung (Brandstetter & Kasemi 1983). The general disintegra
tion of the supporting fibrous network of the lung and the septa of the
alveoli is considered a consequence of aging, but these changes can
also result from repeated inflammatory injuries caused by lifelong
exposure to environmental oxidants and cigarette smoke. Importantly,
Pelkonen et al (2001) have demonstrated that when older individuals
stop smoking, the rate of alveolar membrane destruction is slower
when compared with that ofolder individuals who continue to smoke.

Box 7.2 Age-related changes in pulmonary function

t Ventilation-perfusion mismatch (less homogeneous)
! Diffusing capacity
t Physiological dead space
! Lung emptying
t Respiratory muscle oxygen consumption (rest)
t Minute ventilation (rest)
! Inspiratory muscle strength

t. Increased; !' decreased.

The musculoskeletal pump
"-- "---" ._--

Many of the age-related changes in the thoracic cage result from the
loss of mineral and bone matrix and the increased cross-linking of
collagen fibers (see Chapter 24), which, along with osteoporotic ver
tebral changes, contribute to the characteristic thoracic kyphosis and
barrel chest of the older individual. The decreased mobility of the
bony thorax and the less efficient resting position of the muscles of
respiration alter lung performance and further contribute to the decline
in pulmonary function with age (Polkey et al 1997, Janssens et al
19(9). In fact, one thoracic vertebral compression fracture can lead to
a loss of forced vital capacity (FVC) of up to 9% (Leech et al 1990).

PULMONARY PHYSIOLOGY

The primary functions of the pulmonary system are to exchange gas
between the blood and atmospheric air and to protect the body from
airborne invaders. Resting lung function results from a balance of
elastic tissue forces pulling inward and musculoskeletal pump
forces pulling outward. This dynamic and mostly involuntary inter
play between lung tissue and chest wall musculoskeletal components
depends on the compliance of both. Age-related changes in lung tis
sue compliance result from structural changes in the alveoli. The
decrease in efficiency of pulmonary function is not generally per
ceived in healthy elderly people because the compromise of other
systems with less reserve usually accounts for the alterations in their
activity patterns.

The decline in alveolar structure and the pulmonary capillary bed
contributes to the changes seen in ventilation (movement of gas to
and from the alveoli) and gas distribution. Effectivediffusion of oxy
gen and carbon dioxide into and out of the bloodstream depends on
the integrity of the alveolar membrane and on adequate vascularity.
Because alveolar membranes and capillary interfaces are compro
mised in the older individual, the ventilation-perfusion mismatch
ing that is normally found in young individuals worsens with
advancing age (Chan & Welsh 1998,Janssens et aI1999). As a result,
there are larger ventilated areas relative to perfused parts of the lung
(physiological dead space), which leads to a noticeable reduction in
diffusing capacity (see Box7.2).

The loss of elastic recoil in alveolar and conducting tissue and the
disintegration of the fibrous supporting network also contribute to
an increase in ventilation-perfusion imbalance. Smaller airways are
unable to stay patent at low lung volumes (with expiration), leading
to early airway closure. The resulting collapse of distal airways
creates an imbalance in ventilation-perfusion. In addition, the exces
sive decrease in ventilation as compared with circulation causes
a lowering of arterial oxygen pressure (P.02) (see Box 7.3 and
Fig. 7.1).

Box 7.3 Age-related changes In pulmonary function
measures

t Residual volume (RV)
! Functional residual capacity (FRC)
! Or f-t total lung capacity (TLC)
t Closing volume
! Maximal voluntary ventilation (MVV); ! 30010 between

30 and 70years of age
! Vital capacity (VC); ! 25010 between 30 and 70 years

of age
! Forced expiratory volume (FEV,)
! Arterial pressure of oxygen (Pa02); 75mmHg is normal

for individual aged 70
! Oxygen saturation
! Diffusing capacity of carbon monoxide (DLCO)

t, Increased; J.. decreased; ......, nochange.

An increase in closing volume caused by small airway collapse and
poor lung emptying because of increased alveolar compliance and
decreased elastic recoil helps to account for the increase in functional
residual capacity (PRC). This is the volume at which the lung comes
to rest at the end of quiet expiration. Residual volume (RV), the vol
ume that remains in the lung after maximal expiration, also increases.
The increases in lung volume tend to flatten the diaphragm, the major
muscle responsible for inspiration, as it is unable to return to its orig
inal resting position. The altered mechanics of the diaphragm cause
an increase in the anterior-posterior diameter of the rib cage.
Changes in the position of the diaphragm and the dimensions of the
thorax increase the work of breathing, and the muscle primarily
responsible for inspiration is at a mechanical disadvantage when it
comes to performing the increased work (Fig. 7.2).

The progressive decrease in chest wall compliance and the conse
quent stiffness also increase the energy expended when breathing.
More oxygen is consumed by the respiratory muscles and the
minute ventilation increases to meet this demand. In addition, there
are age-related decreases in the strength and endurance of ventila
tory muscles that are similar to those seen in skeletal muscle (see
Chapter 2). Inspiratory and abdominal muscle weakness can also
compromise cough efficacy. This becomes more significant with
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Figure 7.1 Representative changes in respiratory function with age. Curves show mean or generalized
changes, and there may beconsiderable variation among individuals. Notethe varying age scales on the
horizontal axes. (A) Changes in lung elastic recoil with age; (B) changes in static lung volume with age;
(C) changes in FVC (solid lines) and FEV, (dashed lines) with age in men and women; (0) changes in the rate
of loss of FEV1 with age in men (solid line) and women (dashed line); (E) changes in CC (defined as RV plus
CV) and in FRC with age: solid lines, uprightposture; dashed lines, supine posture; (F) changes in Pao2

(at sea level) with increasing age: dashed lines represent ±2 SO from the mean for the subjects studied.
CC, closing capacity; CV, closing volume; FEV" forced expiratory volume; FRC, functional residual capacity;
FVC, forced vital capacity; Pa02, arterial oxygen pressure; RV, residual volume; TLC, total lung capacity;
VC, vital capacity.
(From Pierson OJ 1992 Effects of aging on the respiratory system. In: Pierson OJ, Kacmarek RM (eds) Foundations of
Respiratory Care. Churchill Livingstone, NewYork, with permission from the publishers.)
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AGE-RELATED PULMONARY CHANGES
AND EXERCISE

aging as the mucous layer of lung tissue thickens and a more force
ful cough is required to mobilize secretions.

The decrease in thoracic mobility also results in decreased vital
capacity (the maximum amount of air that can beexhaled following a
maximum inhalation) and maximal voluntary ventilation (the volume
of air breathed when an individual breathes as fast and as deeply as
possible for a given time). This decline in pulmonary function can
have a negative impact on an older individual's ability to exercise.

Normal lung Aged lung

Figure 7.2 Schematic representation of lung volume changes
associated with aging. Note that with senescence, there is a
decrease in the inspiratory reserve volume (IRVl, the expiratory
reserve volume (ERVl and the vital capacity (vCl. There is a
corresponding increase in residual volume (RVl and functional
residual capacity (FRCl such that the total lung capacity remains
about the same. TV, tidal volume.
(From Chan Et Welsh 1998,with permission.)

In general, pulmonary responses to low and moderate exerciseare the
same in people of all ages. The pulmonary system can respond to the
increased demands of exercise by increasing the minute ventilation
(the amount of air moved into or out of the lungs per unit of time).
Minute ventilation is dependent on the tidal volume (the volume of air
normally inhaled and exhaled with each breath during quiet breathing)
and the frequency of breathing (respiratory rate). In the older individ
ual, initial increases in minute ventilation are achieved by increases in
tidal volume. These increases result from greater abdominal excursion
in the older individual as the decreased compliance of the muscu
loskeletal pump limits significant thoracic movement. Dyspnea is per
ceived when the increase in tidal volume reaches 55-60% of vital
capacity (Altose et a11985,Janssens et aI1999). As already discussed,
vital capacity decreases with advancing age. Hence, the ability to
increaseminute ventilationmaybereduced at higher exerciseintensities.

In addition, the older individual tends to perform work less effi
ciently, generating more blood lactate. The resultant acidosis is com
pensated for by an increased ventilatory effort to expire more carbon
dioxide. Often, this results in early fatigue and a higher rating of
perceived exertion (RPE) for a given workload compared with a
younger or more fit older individual.

At low exercise workloads, an older individual continues to
demonstrate ventilation-perfusion mismatching and decreased dif
fusing capacity. However, during vigorous exercise, pulmonary

!
!
!

After endurance
exercise training

i
i
i

Effects
of aging

Submaximal exercise
Minute ventilation (Iii)
Carbon dioxide production
Blood lactate

Box 7.4 Clinical melSurements used to monitor
pulmonary responses to exercise

• Respiratory rate (RR)
• Oxygen saturation (Sa02)
• Rating of perceived exertion (RPE)
• Heart rate (HR)
• Oxygen consumption (1Ib2)

• Anaerobic threshold (An
• Arterial blood gases (ABG)
• Oxygen tension (Pa02l
• Carbon dioxide tension (Paco2l

• pH
• Peak expiratory flow rate (PEFR)
• Breathsounds
• Cough
• Color (lips. fingernails)

From Protas E 1993 Physiological change and adaptation to exercise in the
older adult. In: Guccione A (I'd) Geriatric Physical Therapy. Mosby, St Louis, MO.
p 42,with permission fromElsevier.
t ,Increased; !' decreased.

Maximal exercise
Maximal exercise ventilation [VElmax)]! i
Maximal voluntary ventilation (MW)! i
VElmax)/MW ! i

Table 7.1 Age-related pulmonarychanges with exercise

artery pressure increases. This tends to increase the alveolar capil
lary blood flow throughout the lungs. With improved perfusion, the
ventilation-perfusion imbalance lessens and lung function and exer
cise tolerance improves (Zadai 1992).

With exercise training, an older individual is able to show some
improvement in the pulmonary response to exercise (see Table 7.1).
Most of the improved pulmonary function results from the greater effi
ciency of ventilatory and skeletal muscle performance (Pelkonen et al
2003, Watsford et al 2(05). This is indicated by the decreased produc
tion of lactate and carbon dioxide when undertaking a given workload.
The individual is able to work at a lower percentage of maximal vol
untary ventilation and has an increased ventilatory response for a
given oxygen uptake (VEI~) and less perceived dyspnea. Improved
pulmonary function may also be attributed to the increase in tho
racic mobility typically seen after exercise training. Individuals who
are initially sedentary show the greatest improvement in function.
Measurements commonly used in the clinic to monitor pulmonary
response to exercise are found in Box 7.4.

1
v:

I1
FRC'

J

1
FRC

1

VC



Exercise can also help to mobilize secretions because it increases
minute ventilation. Secretion retention can predispose an older indi
vidual to disease, hence exercise may further prevent decline of pul
monary function.

AGE-RELATED PULMONARY CHANGES AND
DISEASE

The weakening of pulmonary structure and the decline in perform
ance that occur with advancing age tend to have minimal impact on
the functional ability of the healthy older individual. In the presence
of chronic lung disease, pulmonary performance may be the limita
tion to exercise. Although the physiological changes in chronic
obstructive pulmonary disease (CaPO) are similar to those observed
with aging, any lung disease that alters alveolar cell function or tho
racic cage mobility can negatively impact on lung function.

The cumulative effects of capo on the pulmonary changes nor
mally seen with aging include a range of physiological outcomes.
During rest, an individual mayor may not show an increase in minute
ventilation. At low workloads, an early increase in minute ventilation
is observed as the lungs attempt to improve the ventilation-perfusion
imbalance. Clinically, the older individual with capo may be chroni
cally short of breath but accepts it as a normal part of aging. As the
intensity of work increases or as the disease progresses, the growing
work of breathing causes an increase in the relative percentage of oxy
gen delivered to the respiratory muscles. Often, in the presence of tho
racic cage rigidity and a significant loss of diffusing capacity, the extra
energy required for pulmonary muscle function is obtained from inef
ficient anaerobic processes. This is seen clinically as a significant
increase in dyspnea and heart rate and a decrease in arterial oxygen
tension, which creates an even greater minute ventilation. In an
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attempt to meet this increased demand for oxygen, the heart tries to
increase its performance. In some patients with compromised heart
reserve, a decline in heart function can occur and, when combined
with increased performance efforts, can lead to heart failure and fur
ther compromise of the oxygen delivery system.

Age-related changes in the lungs may increase an older person's
risk of developing pulmonary disease. The thickening of the mucous
layer, the loss of cilia and ciliary function within airways, decreased
cough effectiveness due to muscle weakness and early airway closure
combined with increased closing volume may contribute to the
increased risk of pneumonia that is seen in the older population
(Puchelle et al 1979). In addition, the age-associated decline in the
physiological performance of the immune system may further pre
dispose senescent lungs to infection.

CONCLUSION

Age-related changes occur in lung tissue and in the musculoskeletal
pump. Pathological conditions potentiate the effects of these changes.

Although the objective benefits of exercise training are difficult to
measure, older individuals with pulmonary disease are able to recog
nize an improved physical work capacity and sense of well-being.
Respiratory and peripheral muscle conditioning and increased tho
racic cage mobility improve the mechanical efficiency of the muscu
loskeletal pump and of oxygen extraction by the tissues. This may
interrupt the declining cycle of dyspnea, inactivity and worsening dys
pnea, and enable an individual to remain independent and active. In
addition, the improved strength and endurance of respiratory and
abdominal muscles can facilitate cough effectiveness and assist in the
management of retained secretions, thus decreasing the risk of pul
monary infection.
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The gastrointestinal (GI) tract serves two major functions in the
body; the first is the digestion, absorption and excretion of nutrients
and their by-products, and the second is as an organ that filters and
defends against pathogens. The ingestion, digestion and absorption
of nutrients are essential processes that are part of the maintenance of
nutritional status. The function of the GI tract is, therefore, intricately
involved in nutrition and a factor in an individual's nutritional sta
tus. Because of the physiological changes that occur with advancing
age, older people may have difficulties in meeting their nutritional
requirements and fighting microorganisms.

The physiological changes associated with advancing age include
the loss of lean body mass and body protein compartments, a decrease
in total body water, reduction in bone density and a proportional
gain in total body fat. These changes affect both nutritional require
ments as well as the GI tract and other organs and tissues. In an older
individual, adequate nutrition is an important factor for the mainte
nance of health and recovery from disease. It is important to note that
many studies that describe changes in the GI tract with aging are
conducted on subjects who have chronic conditions that may affect
GI physiology or function (Moskovitz et al 2(06).

NUTRITIONAL REQUIREMENTS IN AGING

Energy
The maintenance of health status and the provision of adequate
nutrition in elderly people requires an understanding of the impact
of age on nutritional requirements. The most well-docurnented
change that occurs over time is the decrease in energy metabolism.
This reduction in energy requirements is related to a decrease in total
protein mass rather than a reduction in the metabolic activity of
aging tissue.

Basal energy requirements reflect the energy needed for all of the
metabolic processes that are involved in maintaining cell function;
the reduction of active metabolic mass will result in lowered energy
needs.

Protein
Protein requirements in elderly individuals might be expected to
decrease to accommodate a lower total lean body mass. However,
studies appear to indicate that protein requirements may be slightly
higher in older subjects. One explanation is that a lower calorie
intake contributes to reduced retention of dietary nitrogen, therefore
requiring more dietary protein to achieve nitrogen balance
(Campbell et aI2(06).

Protein needs are alsoaffected by immobility, which contributes to
negative nitrogen balance. Elderly people who are bed-bound, wheel
chair-bound or otherwise immobilized will require higher levels of
dietary protein to achieve nitrogen equilibrium. Surgery, sepsis,
long-bone fractures and unusual losses, such as those that occur with
burns or GI disease, increase the need for dietary protein.

Some clinicians have been wary of providing high levels of protein
for fear of precipitating renal disease in elderly individuals. Research
has shown that there is no evidence that dietary protein induces
deterioration of renal function in individuals who have no evidence
of renal disease. For elderly patients who have a measurable decline
in renal function, therapeutic regimens should be followed.

Fat
The major contribution of fat in the diet is energy, essential fatty
acids and fat-soluble vitamins. Because only small amounts of fat are
needed to provide essential fatty acids, and fat-soluble vitamins are
available from other dietary sources, the primary contribution from
dietary fat is the provision of calories. For older people, restricting
dietary fat, thereby reducing caloric intake, is a reasonable strategy
to maintain caloric balance without restricting intake of other nutri
ents; however, in some individuals, too rigid restrictions on dietary
fat may contribute to energy deficits.

Altering the type and amount of dietary fat in the diet of older
adults is somewhat controversial. As a controllable variable in the
reduction of the risk of heart disease, there are major differences in
opinion regarding the need for dietary fat alteration in adults over 65.

Carbohydrates
Carbohydrate intake in the diets of elderly people should be approx
imately 55--60% of the total caloric intake, with an emphasis on com
plex carbohydrates. The ability to metabolize carbohydrates appears
to decline with advancing age.

It is important to encourage complex carbohydrate intake in
elderly people because it provides fiber, a constituent of the diet that
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enhances bowel motility, which tends to decrease over time. Fresh
fruits and vegetables are difficult to chew if oral health status is not
optimal or dentures do not fit properly, and these foods are expen
sive when they are out of season. Cereal fibers should be encouraged
as an alternative; however, it is difficult to obtain adequate fiber from
cereal foods alone.

Vitamins
Vitamin requirements for adults over 65 are mostly speculative at
present, although there is much ongoing research. Vitamin deficien
cies may exist subclinically in the elderly, particularly for some of the
water-soluble vitamins. In times of stress, after illness or injury, a
depleted reserve capacity may not be able to compensate for rapid
depletion of tissue stores and the individual may become overtly
deficient. Subclinical deficiencies may exist in people who have ade
quate but not excess dietary intake, because the absorption and uti
lization of these vitamins may be compromised by the use of
multiple medications or single nutrient supplements or by the
declining efficiency of the small bowel to absorb micronutrients.

The water-soluble vitamins that are often the focus of attention are
vitamin C and vitamin B12• Although there appears to be no age
related alteration in vitamin C (ascorbic acid) absorption, this vitamin
is often linked with wound-healing problems or a tendency to bruise
easily. Vitamin C is an essential factor needed to make collagen, the
protein matrix that holds cells together, and is therefore required
when new tissue is being made. The recommended daily allowance
(RDA) for vitamin C is 60mg/day, a level that is far exceeded in most
American diets. With large doses of supplemental vitamin C, tissue
saturation is reached rapidly and the excess vitamin is excreted in
urine. Very large doses (greater than 1 g/day) may contribute to some
serious side effects such as the formation of kidney stones or chronic
diarrhea in sensitive individuals. There is little evidence that mas
sive doses of vitamin C aid in wound healing, ward off the common
cold or cure cancer.

Vitamin BI2 is a vitamin for which many older adults may be at
risk for deficiency. The major dietary source of vitamin B12 is red
meat and organ meats, which many elderly people have eliminated
from their diets because of the fat and cholesterol content. In addi
tion to dietary inadequacy, some older adults have a condition called
atrophic gastritis, in which gastric acid production is decreased.
Gastric acid is necessary for the release of vitamin B12 from a series of
protein carriers; it is then linked to an intrinsic factor that forms a
complex with the vitamin, allowing it to be absorbed. Production of
intrinsic factor is also decreased with atrophic gastritis. Symptoms
of vitamin B12 deficiency are generally non-specific but include
irritability, lethargy and mild dementia.

It is less likely that elderly people will be deficient in fat-soluble vita
mins (A, D, E, K) because of the ability to store these vitamins in liver
tissue. The greatest risk is for deficiency of vitamin D, particularly for
homebound or institutionalized elderly. Limited exposure to sunlight,
the use of sunscreens and an inadequate intake of dairy products con
tribute to this risk. It is also known that the amount of vitamin D pre
cursor in skin, which is stimulated by sunlight, particularly ultraviolet
rays, decreases with age. Dietary vitamin D goes through several con
versions in the liver and kidney, resulting in production of the active
form of the vitamin; the kidney becomes less efficient at the final step
of conversion with advanced age. Because vitamin D is an important
nutrient in bone mineralization and immune function, it is wise to
encourage the inclusion of foods rich in vitamin D in the diets of
elderly individuals who may be at risk of deficiency.

Fur vitamin A, the risk of vitamin toxicity is greater than the risk of
deficiency. This is especially true of older people who are taking
over-the-counter vitamin supplements, many of which have very

high levels of vitamin A. Beta-carotene, a vitamin A precursor, has
received a great deal of attention in recent years because of its appar
ent protective effect against various types of neoplasm. The long
term effects of high doses of beta-carotene have not been adequately
explored.

Minerals
The requirements for most minerals do not change with age. An
exception is iron, for which there is a decreased requirement because
of a tendency to increase tissue iron stores with advancing age and a
cessation of menstrual blood loss in women. Calcium requirements
have attracted much attention in recent years. Investigators have
suggested that the recommendations for dietary calcium intake
increase from 800mg/day to 1200 or 1500mg/day to reduce the risk
of osteoporosis. However, the controversy surrounding calcium
requirements in older people has not yet been settled, with many
investigators believing that the recommendations should not be
changed.

For most other major minerals, such as sodium and potassium,
requirements are not changed by the aging process but are affected
by the presence of acute or chronic diseases and their treatment.

Water
Water is an important nutrient for older people. Inadequate fluid
intake may lead to rapid dehydration and precipitate associated prob
lems: hypotension, elevated body temperature, constipation, nausea,
vomiting, mucosal dryness, decreased urine output and mental con
fusion. It is particularly noteworthy that these problems are rarely
attributed to fluid imbalances, which can be easily corrected.

Fluid intake should be adequate to compensate for normal losses
(through kidneys, bowel, lungs and skin) and for unusual losses
associated with increased body temperature, vomiting, diarrhea or
hemorrhage. A reasonable estimate of fluid needs is approximately
1mL of fluid/kcal ingested or 30 mL/kg actual body weight. The min
imum intake for all older adults regardless of their size or caloric
intake should be approximately 15OOmL/day. Fluid needs can be
met with water, juices, beverages such as tea or coffee, gelatin
desserts and other foods that are liquid at room temperature. Tube
feeding formulas contain approximately 750mL waterIL of solution;
it is wise to compensate for the solid displacement by adding 25% of
the volume of the rube feeding as additional free water.

Meeting all of these changes is often challenging. Encouraging
older adults to consume an adequate diet may be linked to a func
tional and healthy GI tract. Age does have an impact on GI structure
and function and it is worth assessing GI function in older adults.

AGE AND THE GI TRACT

The aging oral cavity
The changes associated with the aging process affect the structures
of the mouth. Bone loss is a common problem and, in the oral cavity,
where the alveolar bone is more prone to brittleness and fragility,
there is an increased likelihood of tissue damage occurring because
of oral trauma, periodontal disease and loss of teeth. Nutritional
deficiencies are also manifested in periodontal and perioral tissue,
which can impair chewing and normal ingestion of food.

As lean body mass decreases, gum tissue may be lost because of
disease and atrophy. This process, along with bone resorption, leads
to an increased risk of root caries, periodontal disease and loss of
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The small bowel

The aging liver

The GI tract, beginning at the mouth and ending at the anus, is a large
muscle that propels food and its digested products through the body.
Food is ingested and almost immediately acted upon by digestive
enzymes, chemicals and mechanical actions. Many of the critical
digestion and absorption functions occur in the small bowel. Age and
disease can have an impact on the normal function of the small bowel.

The most common disorder of carbohydrate metabolism is disac
charidase deficiency of lactase. Lactase deficiency occurs with age
and with common GI diseases such as viral gastroenteritis, Crohn's
disease, bacterial infections and ulcerative colitis. Symptoms are
associated with the ingestion of milk and milk products, and occur
when the ingestion of lactose exceeds the production of lactase in the
small bowel.

Another disorder with vague symptoms is celiac disease; this
involves sensitivity to gluten, a protein commonly found in wheat
products. It frequently results from an injury to the small bowel from
exposure to gluten, which contributes to malabsorption and steator
rhea. The treatment is to eliminate gluten from the diet. Replacement
of malabsorbed nutrients (iron, folic acid, calcium, vitamin D) should
be part of the therapy.

Another source of malabsorption in older individuals is bacterial
overgrowth. This may be associated with the decrease in gastric acid
production by the stomach and the age-related decrease in bowel
motility. Generalized malabsorption may result from this condition;
vitamin BIZ is a nutrient that is at risk of being malabsorbed.

Other conditions that may damage the small bowel and impair its
ability to digest and absorb essential nutrients include radiation

The liver tends to get smaller in mass with advancing age, which can
lead to changes in structure and function. This may be important
because many of the functions of the liver (synthesis, excretion and
metabolism) are crucial for the maintenance of health. These func
tions are more affected by systemic disease and liver disease, both of
which are common in elderly people.

The changes which occur that are important consider-ations in
elderly people include alterations in drug metabolism and a
decrease in the rate of protein synthesis. Both of these factors con
tribute to a diminished ability to respond appropriately to drug ther
apy or to the physiological burden associated with disease.

There is no strong evidence that age affects the pancreas in any signif
icant way; however, glucose intolerance seems to increase and insulin
secretion tends to decrease with advanced age and there appears to he
a reduction in secretory output (Elahi et al 2002). This reduction is
not considered clinically significant until pancreatic output is less
than 10% of normal or these changes become symptomatic.

Diseases of the pancreas do conunonly occur in older people.
Acute pancreatitis occurs in older patients and may have severe con
sequences, resulting in sepsis and shock. An uncomplicated course
may have a brief period of pain, nausea and vomiting, and tends to
occur in individuals who have biliary tract disease. A more severe
occurrence may result in abscesses, other septic symptoms or shock,
and may require surgery and stress metabolic management.

Chronic primary inflammatory pancreatitis is a disease of older
people. Symptoms include steatorrhea, diabetes, pancreatic calcifica
tion and weight loss. This is often a pain-free condition with an
unpredictable response to therapy.

The pancreas

-- ..~~---_.._~_.~~~~~~~~~~~-

The esophagus

-------------------------
The stomach
The stomach serves several functions in the digestive process: its
mechanical action breaks up food; it digests food through chemical and
enzymatic actions; and it serves as a reservoir to hold partially digested
food until it can be released into the small intestine. There is no evi
dence that age has a significant effecton gastric function; however, age
related conditions and diseases may result in altered gastric function.

The gastric conditions most conunonly seen in elderly individuals
are atrophic gastritis, peptic ulcer disease and gastroesophageal
reflux disease (Saltzman & Russell 1998).Atrophic gastritis may con
tribute to a perception of food intolerance but, more importantly, it
may be a major factor in vitamin B12 deficiency because gastric acid is
required for the digestion process that allows this vitamin to be
absorbed. Folic acid may also be malabsorbed with this condition.

Peptic ulcer disease is increasing among the elderly although the inci
dence in the general population appears to be declining (Newton 2004).
Medications, such as Hz (histamine) antagonists and antacids, may
have multiple side effects, which could lead to other problems,
including constipation, obstruction, osteomalacia, diarrhea, dehy
dration and electrolyte disturbances.

Gastroesophageal reflux disease is usually associated with the
incompetence of the lower esophageal sphincter. There is no evidence
that this is an age-related condition but some older individuals do
experience this condition.

The esophagus is the conduit that serves to transport food from the
mouth to the stomach. Although it may not seem to be a very impor
tant part of the GI tract, esophageal dysfunction may have a profound
impact on nutritional status and, therefore, on the recovery from an
illness or other physiological problem.

The most conunon dysfunction of the esophagus is swallowing dis
orders (Tracy et al 1989).Swallowing problems may be characterized
by pain, choking, spitting or vomiting. These symptoms are usually
associated with an obstruction, cerebrovascular accident, neurological
disease or degenerative muscular disease. Gastroesophageal reflux
may be a secondary problem resulting from weakness in the lower
esophageal sphincter, failure of peristalsis, or an injury or illness in the
stomach (Dunn-Walters et al 2004).

Diagnosis and correction of esophageal problems are key to safe
ingestion of food and liquids. Depending on the etiology and sever
ity of the dysfunction, dietary modification may be the appropriate
treatment. More severe problems require medical, pharmacological
or surgical interventions. In either case, consideration of nutritional
status is important to ensure adequate nutrient intake.

structure to support dentures. These changes, along with others in
oral musculature and the mucous membranes, contribute to difficulty
in chewing food adequately. Many individuals alter their dietary
intake to compensate for their diminished efficiency in chewing,
thereby putting themselves at risk for malnutrition. Malnutrition is
associated with negative outcomes and adds an additional burden to
the challenge of rehabilitation.

Other changes that may occur in the mouth and affect nutritional
status include decreased taste and smell sensitivity, loss of taste and
smell, and decreased salivary flow, which may be associated with
disease conditions or the effects of medications. In chronically ill
patients, the possibility that this condition may be present should be
investigated. It is important to assess the ability of an individual to
consume adequate nutrients to restore or maintain nutritional status
through a period of rehabilitation.
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enteritis and inflammatory bowel diseases. Radiation enteritis is
often a consequence of treatment for cancer of the cervix, uterus,
prostate, bladder or colon. Because of their rapidly dividing charac
teristics, the cells in the small intestine are vulnerable to damage
from radiation. Symptoms of diarrhea, nausea, cramping and dis
tension often occur years after the period of therapy and may go
unreported. Malabsorption and dehydration are potential nutri
tional consequences.

Inflammatory bowel disease may occur, with its symptoms attrib
uted to other conditions because it is more commonly seen in
younger people. Careful diagnosis is important for early treatment
and adequate nutritional intervention.

Along with the digestive and absorptive bowel functions is a
mucosal immune system that exists independently of the peripheral
immune system and functions separately from the nutritional func
tions of the bowel mucosa. Age-related deterioration of immune
function has been well recognized in older adults; the incidence of
infection, autoimmune diseases and cancer is higher among older
adults. Although immunosenescence in both host and cell-mediated
systems is well described, mucosal immunity is less well understood
(Fujihashi & McGhee 2004).

The large intestine
The primary function of the large intestine is the absorption of water,
electrolytes, bile salts and short-ehain fatty acids. The major condi
tions related to the large intestine that are experienced by older people
are colon cancer, diverticulosis and constipation. If diagnosed early
enough, colon cancer is treatable with surgery and radiation therapy.
Diverticular disease may be asymptomatic in elderly patients until an
infection occurs and the individual becomes symptomatic. Dietary
treatment is the same for older patients as it is for younger patients.

Constipation is a common complaint among older adults. It may
occur as a result of many conditions: neurological disease, drug
effects, systemic disease, inadequate fluid intake, lack of dietary bulk
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INTRODUCTION

The study of aging has grown significantlyin recent years. Several fac
tors, such as an increase in the aging population, the increase in life
expectancy and the increase in health expenditure, contribute to this
growth. Studies concerned with aging have also evolved in scope.
Earlierstudies focused on identifying a single cause or explanation for
aging. More recently, aging hasbeen viewed as a complex process in
which many factors and processes interrelate. Thus, a single cause or
process is no longer sufficient to address the intricacies of the aging
process(Weinert&Tuniras 2(03).

Age-associated changes occur in the musculoskeletal, neuromus
cular, cardiovascular, pulmonary and integumentary systems. This
chapter addresses a subset of the cardiovascular and pulmonary sys
tems and focuses on the effects of aging on the vascular system. Just
as these systems function interdependently, it is impossible to isolate
and limit aging effects to the vascular system without an awareness
of concomitant age-associated changes in other systems.

REVIEW OF THE STRUCTURE AND FUNCTIONS
OF THE VASCULAR SYSTEM

The oxygen transport system is the biological system responsible for
(i) bringing oxygen into the body from the ambient environment;

(ii) circulating oxygen throughout the body; (iii) supplying oxygen at
the tissue level; and (iv) ultimately removing the waste products cre
ated as a result of utilizing oxygen. The vascular system is the means
by which oxygen and nutrients are delivered to the working tissues,
and by which the metabolic by-products are removed from the tis
sues. The vascular network supplies a steady stream of oxygen-rich
blood that allows working tissues and muscles to function at optimal
levels. The ability to shunt blood preferentially and to deliver oxygen
to the areas of greatest metabolic demand makes the vascular system
an essential component of the oxygen transport system.

The vascular system is made up of three basic types of blood
vessel: the arteries, capillaries and veins. The thickness of each layer
of the vessels varies throughout the vascular system depending on
the location and function of the specific vessel. Figure 9.1summarizes
the relative differences among the arterial, capillary and venous
vessels.

The arterial system functions to accommodate the large volume
of blood received as cardiac output and to propel it forward using
the property of elastic recoil. The presence of smooth muscle in the
arterial system allows it to control and direct the flow of blood
throughout the vascular system via autonomic and endothelial con
trols and in response to local metabolic demand.

The normal structure of the arteries includes three layers. The
adventitia is the outermost layer and attaches the vessel to the sur
rounding tissue. It consists of longitudinally oriented connective tis
sue with varying amounts of elastic and collagenous fibers. The
middle layer or the media is usually the thickest and is a highly elas
tic, circumferentially oriented fibromuscular layer. Its function is to
provide vascular support and to regulate blood flow and blood pres
sure by facilitating changes in diameter. The intima, the innermost
layer, is composed of a single, continuous layer of endothelial cells
that separates blood from the vessel wall. The endothelium serves as
a barrier between the circulating blood and the underlying intersti
tium and cells, allowing selective transport of macromolecules in the
blood to meet metabolic demands in surrounding tissues. The
endothelium responds to regulatory substances released by physical
and chemical stimuli and has many important functions, including
regulation of vascular tone and growth, thrombosis and thromboly
sis, and interaction with platelets and leukocytes.

The capillaries are the smallest and most numerous of the blood
vessels, forming the connection between the arteries and the veins.
The capillaries are thin and fragile in comparison to arteries and
veins, and there is little resistance to the diffusion of oxygen and
other metabolic products. The capillary wall is one endothelial cell
thick, which allows for the exchange of nutrients and waste products
at the tissue level.
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Figure 9.1 Internal diameter, wall thickness andrelative amounts of the principal components of the
wallsof the various blood vessels that compose the circulatorysystem. Cross-sections of the vessels are
not drawn to scale because of the huge range in size from aortaand vena cava to capillary.
(From Berne RM,Levy MN 1981 Cardiovascular Physiology, 4th edn, 0/ Mosby, St Louis, MO, p 2, with permission.)

The veins have the same three layers as the arteries; however, the
walls are thinner and less rigid because there is less smooth muscle
and connective tissue. The veins are capacitance vessels, which serve
as collecting tubules for blood as it exits the capillary beds. At any
given lime, the majority of the blood volume is located in the venous
circulation. The maintenance of a large reservoir of venous blood
allows for adequate venous return as well as a necessary reserve
during periods of increased oxygen demand.

Venous return is the principal determinant of cardiac preload,
and sufficient venous return is necessary to ensure sufficient cardiac
output. This function is accomplished by a combination of venous
smooth muscle contraction, external muscle compression and a
series of unidirectional internal venous valves.

AGE-ASSOCIATED VASCULAR CHANGES

Advancing age, with its associated vascular changes described below, is
recognized as being a major risk factor for cardiac disease. Aging in the
presence of cardiovascular disease accelerates structural and physio
logical changes, and the presence of other risk factors further influ
ences the rate at which the changes occur. Hence, physiological aging
and chronological aging cannot be considered equivalent.

In addition to the alteration of the underlying cardiovascular struc
tures and functions, the increase in life expectancy also lengthens the
exposure time to certain risk factors. In this sense, age-associated car
diovascular changes in structure and function are 'partners' with car
diovascular disease mechanisms. More specifically,it is the interaction
between age, disease and several additional factors, such as lipid lev
els, diabetes, sedentary lifestyle and genetics, that determines the
threshold, severity and prognosis of the disease in older people
(Lakatta & Levy 2003).The presence of risk factors such as abdominal
obesity,which is associated with metabolic risk factors, such as insulin
resistance, metabolic syndrome and impaired glucose tolerance, com
pounds the effectsof aging on the vascular system (Scuteri et al2005).

Age-related cardiovascular changes occur in healthy, unhealthy
and seemingly healthy older people. Lakatta & Levy (2003)differen
tiated between 'successful' and 'unsuccessful' aging. 'Successful' aging
refers to healthy individuals, for whom the age-associated changes
pose little or no threat to the development of disease. 'Unsuccessful'
aging encompasses individuals who do not have or have not yet

experienced clinical cardiovascular disease, but whose age-related
cardiovascular changes put them at risk for future disease.

STRUCTURAL CHANGES ASSOCIATED
WITH AGING

Structural changes associated with aging occur throughout the vascu
lar system. Significant changes occur within the walls of the large elas
tic arteries, in which the intimal medial thickness increases two- to
threefold between the ages of 20 and 90 years (Nagai et al 1998).The
adventitia is most affected by a decrease in the number of elastic fibers
and an increase in collagen, resulting in a loss of distensibility and a
reduction in elastic recoil, essential for accommodating blood volume
and propelling the blood into the vascular system. Both within the
intima and the media, there is increased calcification, a loss of elastin
content because of increased thinning and fragmentation of the elastin,
and an increase in collagen. Lipid deposits in the intima further con
tribute to vascular wall thickening. These structural changes appear to
be similar to the atherosclerotic changes seen in disease states, but
occur even in the absence of occult disease and within populations
with a low incidence of atherosclerosis (Moore et al2(03).

Aging is linked to significant changes in the microcirculation,
resulting in age-associated endothelial dysfunction. The endothelial
cells become irregularly shaped and are no longer longitudinally ori
ented along the vessels. Endothelial permeability is increased (Ferrari
et al 2(03), disrupting the selective transport system and resulting in
concentrations of macromolecular materials and proinflammatory sub
stances that further contribute to plaque formation. Within the media,
vascular smooth muscle cells proliferate, migrate and infiltrate into the
subendothelial space (Lakatta & Levy 2003). The irregular alignment
and the increase in intimal medial thickness affect the dynamics of
and resistance to blood flow, thereby affecting the transport of oxy
gen and other nutrients.

The age-associated increase in vascular wall thickness is accom
panied by dilatation of the large arteries, loss of compliance and an
increase in arterial stiffness, which may not be uniform throughout
the vascular system (0'Alessio 2004). In peripheral vessels, there is
less of an increase in the diameter of the vessels and more of an
increase in wall thickening. In large arteries there is an age-dependent
loss of capacitive compliance, whereas the reduction in small artery
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compliance is oscillatory or reflective (McVeigh et a1 1999). Both 
types of compliance changes contribute to modifications in the gen- 
eration, propulsion and reflection of pulse waves in the aging vascu- 
lar system. 

Pulse wave velocity (PWV), a noninvasive measure of vascular 
stiffness, increases with age in populations with little or no athero- 
sclerosis, indicating that the increase in stiffness can develop inde- 
pendent of atherosclerotic changes (Lakatta & Levy 2003). The increase 
in PWV is associated with changes in vascular structure, most notably 
the increased collagen, decreased elastin, increased elastin fragments 
and calcification in the media. Lakatta & Levy (2003) also reported that 
arterial stiffness may be influenced by endothelial regulation of vas- 
cular smooth muscle tone. The age-associated changes in endothelial 
function further contribute to vascular stiffness both in the large and 
peripheral arteries, thereby hindering the normal contractile capability 
of vascular smooth muscle. 

Age-associated changes also affect the venous vessels. There is an 
overall increase in stiffness and a decrease in venous compliance 
(Hernadez & Frank 2004). The venous valves begin to lose their 
integrity and the efficiency of unidirectional flow is lessened. It becomes 
more difficult to maintain venous return, and there exists the poten- 
tial for venous stasis and retrograde flow. In a study of cross-sectional 
area (CSA) of the femoral and long saphenous veins, CSA was found 
to be associated with body mass index, gender and the presence of 
varicose veins but not necessarily with age (Kroeger et a1 2003). 

Varicose veins are more commonly found in the lower extremities 
and are characterized by tortuous dilatation and changes in the smooth 
muscle composition and extracellular matrix in the vessel walls, result- 
ing in venous stasis and venous back flow (Jacob 2003). Peripheral 
edema formation is common. The incidence of varicose veins increases 
with age and is also affected by body mass index, prior or family his- 
tory, and the presence of the disease during pregnancy. The estimated 
incidence of varicose veins in women increases from 41% to 73% 
between the fifth and seventh decades. For the same timespan, the 
incidence for men increases from 24% to 73% (Statistics about Varicose 
Veins 2006). Although recognized as the most common vascular dis- 
ease, the presence of varicose veins is not clearly linked to disease 
development. Results from the Normative Aging Study population, 
taken over more than 35 years of follow-up, showed that men with 
varicose veins were less likely to develop symptomatic congestive 
heart failure than men without varicose veins (Scott et a1 2004). 

P H Y S I 0 L 0 G I C A L C H AN G E S ASS 0 C I AT E D 
WITH AGING 

The age-associated structural alterations in blood vessels are further 
influenced by physiological changes that have a significant impact on 
the cardiovascular system. It is difficult to elucidate the intricacies of all 
of the interrelationships, and this section addresses only some of the 
interactions between the systems. 

Systolic blood pressure (SBP) is known to increase with age. 
Blood pressure analysis of 2036 subjects over a period of 30 years in 
the Framingham Heart Study indicated age-related increases in sys- 
tolic blood pressure (SBP), pulse pressure (PP) and mean arterial 
pressure (MAP), with an early rise (until 50 years of age) and a late 
fall (after 60 year of age) in diastolic blood pressure (DBP) (Franklin 
et a1 1997). The increase in MAP is attributed to the progressive 
increase in vascular resistance associated with aging, but vascular 
resistance after the age of 50 is thought to be underestimated. The 
change in PP is a function of left ventricular ejection, large artery stiff- 
ness, early pulse wave reflection and heart rate. The rise in SBP is a 
result of both the increase in vascular resistance and increased stiffness 
in the large arteries. Under normal conditions and when arterial tone 

and PWV are normal (before the influence of age-associated changes 
on the vascular system), the reflected pulse wave reaches the heart 
after the aortic valve closes, thereby enhancing DBP. With the age- 
associated increases in arterial stiffness and PWV, the reflected pulse 
wave reaches the heart before the aortic valve closes, resulting in an 
increase in SBP and the loss of the diastolic pressure enhancement. 
The late fall in DBP is associated with large artery stiffness. Franklin 
et a1 (1997) concluded that large artery stiffness rather than vascular 
resistance becomes the predominant factor for blood pressure 
changes as aging progresses. As the arterial walls become stiffer, 
they also become less distensible, and the lumen diameter of large 
central arteries increases to help accommodate blood volume as it is 
ejected from the left ventricle. 

The loss of the elastic recoil together with the increased stiffness pre- 
cipitates a decrease in the ability of the vessel to compress and propel 
the blood forward through the vascular system. Ahigher PP must then 
be generated to move a given volume of blood through a vessel. 
Because the heart is the pump that generates the initial propelling 
force, a decrease in the compliance of the arterial system results in an 
increase in the workload being placed on the heart. 

At the level of the arterioles, capillaries and endothelium, alter- 
ations in structure result in alterations in function. Endothelial dys- 
function has an enormous impact on the vascular system because the 
actions of endothelial cells are complex and involve several systems. 
With aging, the integrity of the endothelium is damaged and there is 
decreased activity of endothelium-derived relaxing factors (EDRF), 
including nitric oxide (NO), bradykinin and hyperpolarizing factor. 
Release of EDRF normally results in vasodilation and serves to counter 
the actions of endothelium-derived constricting factors (EDCF) (e.g. 
endothelin, angotensin 11), both on vascular tone and on the stimula- 
tion of growth factors derived from endothelial cells. With the 
decrease in EDRF activity, the vessels remain more narrowed, thus 
contributing to the increase in resistance to flow and the increase in 
PP and SBP. NO has an inhibitory effect on growth factors affecting 
vascular smooth muscle cells. The age-related alteration in NO activ- 
ity results in an increase in the growth and proliferation of these cells, 
which accumulate and add to vascular wall thickening and platelet 
formation (Taddei et a1 2001). 

Another important function of the endothelium that changes 
with aging is the mediation of proinflammatory and antiinflamma- 
tory responses through a complex series of reactions tr, changes in 
EDRF and EDCF activity, growth factors, adhesion molecules, mono- 
cytes, cytokines, lipids and enzymes. Proinflammatory substances are 
no longer adequately inhibited, resulting in local inflammation, plaque 
formation, thrombosis and plaque rupture. With endothelial dysfunc- 
tion there is an increase in plasma C-reactive protein, which is both a 
mediator and a marker of inflammation. 

A variable pattern in the distribution of blood flow at rest is noted. 
Much of this decrease may be attributed to the diminished ability of 
the smaller arteries and arterioles to vasodilate. The net change toward 
vasoconstriction in these vessels also increases the turbulence of the 
blood flow. The endothelium responds to mechanical forces, such as 
the shear force of turbulent blood flow, promoting inflammation and 
its related sequelae. The shear forces from normal laminar flow act in 
a protective manner against atherogenesis. Turbulent flow is signifi- 
cantly more resistive than laminar flow, and the work required 
by the cardiovascular system to overcome the increased resistance 
intensifies. 

Age-associated hormonal changes play a role in the development 
of vascular changes. In men, circulating testosterone levels decrease 
with age. Low testosterone is associated with arterial stiffness and 
is recognized as a cardiovascular risk factor (Hougaku et a1 2006). 
Endothelial dysfunction occurs earlier in men than in women. Estrogen 
appears to have a protective effect on the endothelium, and there is a 
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sharp decline in endothelial function after the onset of the menopause
(Taddei et all996).

Given the structural and functional changes in aging blood ves
sels, it is not surprising to recognize aging as a major risk factor for
cardiovascular disease.

AUTONOMIC SYSTEM CHANGES WITH AGING

Autonomic control declines with age, primarily reflecting an enhance
ment of sympathetic nervous system activity and a suppression of
parasympathetic nervous system activity (Harris & Matthews 2004).
Because of changes in the interplay between the autonomic nervous
system and the cardiovascular system, it becomes more difficult to
maintain hemodynamic stability. There is a decrease in rl-adreno
receptor responsiveness in the vasculature. The vascular responses
of (\t-adrenoreceptors are either unaltered or may be increased with
age (Priebe 2(00). The loss of responsiveness to ~-adrenergic stimuli
with or without an increase in (\t-adrenoreceptor stimulation results
in the predominance of (\t-adrenergic-mediated responses. Without
sufficient vasodilatory input from ~-adrenoreceptors, the autonomi
cally mediated vasoconstriction compounds the vasoconstriction
resulting from the previously described mechanisms.

A significant decrease in the reactivity of cardiopulmonary reflexes,
especially the reflexmediated by the baroreceptors, occurs with advanc
ing age. Baroreceptor activity is directed by the stretch demanded of
vascular walls in the aorta and the carotid arteries by the blood flow
ing through the vessels. A decrease in the required stretch, and thus
in baroreceptor activity, normally results in signals ordering restora
tion of cardiac output to increase blood pressure. This reflex activity
is essential to prevent the orthostatic hypotensive response that can
occur when moving from the reclining to the upright position. The
pressor effect on SBP and Pp, which normally occurs when moving
into an upright position, changes with aging. The reduction in auto
nomic control may result in orthostatic hypotension if the elevated
PPs do not adequately compensate (Cleophas & Van Marum 2003).A
decrease in overall baroreceptor activity coupled with the decreased
compliance of the vessel wall hinders the short-term regulation that
normally occurs in the cardiac and vascular systems as a result of body
position changes.

Deconditioning is another physiological state that results in an
exaggerated orthostatic response. Many elderly individuals are seden
tary and therefore deconditioned. This state results in less efficient
oxygen transport and poorly functioning skeletal muscles. A decon
ditioned person needs more energy to perform tasks and is less able
to adapt quickly and efficiently to alterations in the body's home
ostasis. Thus, the exaggeration of the orthostatic response during body
position changes can be great. Any health professional working with
an elderly patient must be aware of this potential for an increased
orthostatic response and know how to monitor and treat it.

TYPICAL ALTERATIONS IN THE VASCULAR
RESPONSE TO EXERCISE WITH AGING

The ability to adapt and respond to the changing needs of the body
during exercise is an essential function of the vascular system. One
of the primary differences in the response to exercise in the elderly is
the more rapid onset of fatigue, resulting from the demands placed
on the cardiovascular system. The structural and functional changes
in the vascular system impede the ability of the vasculature to supply
the tissues with the increased oxygen needed during exercise. Maximal
aerobic power refers to the body's ability to transport and use oxygen
[VO:1(max»)' Oxygen consumption increases linearly with the intensity

and magnitude of exercise. With aging, VO:1(max) decreases as a func
tion of body weight and age-related changes in the oxygen transport
system, including the reduced ability to use oxygen and to shunt
blood flow to active muscles. This deficit often causes an older indi
vidual to reach fatigue more quickly when exercising (see Chapter 6).

In a study comparing the responses of young and old adults to
peak exercise, Stratton et al (1994) reported differences in several mea
sured variables. There was a lower heart rate response and a smaller
increase in ejection fraction. Systolic, diastolic and mean blood pres
sures were higher in the old than in the young. During submaximal
exercises, there were no differences in ejection fraction between young
and old.

Under normal circumstances, exercise or any other period of
increased activity is sympathetically mediated and results in an
increased release of the adrenergic mediators. This in tum raises the
activity level in most body systems and triggers an increase in cardiac
output and oxygen transport during exercise. The age-associated
changes in fi-adrenergic receptors in the vascular system lessen the
ability of the vessels to facilitate the increased need for oxygen deliv
ery during exercise (Stratton et aI1994).

At a more local level, the peripheral vessels are less responsive to
alterations in metabolic activity. Normally, increased metabolic
activity in skeletal muscle results in vasodilation to meet the oxygen
demand of the tissue. The stimulation of skeletal muscle vascular
adrenergic receptors during exercise also results in vasodilation. Older
individuals have less ability to vasodilate in response to increased
metabolic activity. These same individuals also have decreased
activity mediated through the adrenergic receptors. The inability to
increase blood supply quickly coupled with a decrease in structural
ability to vasodilate prevents blood from being shunted quickly
from areas of low metabolic activity to areas of more active muscle
metabolism. Loss of this mechanism decreases an older individual's
ability to do skeletal muscle work (Evans 1999).

When exercising, older individuals have been shown to have a
higher percentage of their cardiac output shunted to the skin and
viscera and a lower percentage directed toward working muscle.
Thermoregulation is decreased in the elderly as a function of the loss
of muscle mass associated with age and inactivity (Marks 2002).
Normal thermoregulation relies on the processes of conduction, con
vection and evaporation. Sweating decreases with aging (Marks
2002). Evaporation, which is sympathetically mediated, is the pre
dominant mechanism for heat loss during exercise. Older individuals
attempt to compensate for this loss by shunting more cardiac output
to the skin to regulate heat loss via conduction and convection, which
are not efficient mechanisms for adequate heat loss at rest or during
exercise. This shunting also prevents the delivery of an adequate
blood volume to skeletal muscle.

With aging, muscle capillary density decreases and further limits
the blood supply available to working muscle. An important mea
sure of the oxygen transport function is the arteriovenous oxygen
difference, which is a measure of the utilization of oxygen by working
muscle. Changes in skeletal muscle tissue structure, mitochondria
and metabolic enzymes result in a decreased arteriovenous oxygen
difference, which indicates that less oxygen is being extracted from
the capillary bed for use during exercise.

TYPICAL ALTERATIONS IN THE VASCULAR
RESPONSE TO EXERCISE TRAINING
WITH AGING

Stratton et al (1994) showed that exercise training had significant
effects on all vascular variables except end-systolic volume index.



They also showed that the increases in maximal oxygen consump
tion and workload and the percentage increases were not signifi
cantly different between old and young. They concluded that,
despite differences in the response to a single episode of exercise,
similar changes in cardiovascular functions in old and young men
occurred as a result of endurance exercise training.

Marks (2002) reported a decrease in VOz(max) associated with
aging, specifically a loss of 9-15% between the ages of 45 and 55,
with accelerations in losses between the ages of 65 and 75 and further
accelerations from 75 to 85. This decline in aerobic power can be
improved by 10-25% in older individuals who participate regularly
in aerobic exercise. The loss of VOz(max) in women is greater than in
men. Marks (2002) reported on studies indicating that an increase in
walking of two miles per day may be as effective as traditional exer
cises for lowering blood pressure in women.

In a cross-sectional study of healthy men, DeSouza et al (2000)
concluded that regular aerobic exercise can prevent age-associated
loss of endothelium-dependent vasodilation (EOY). Aerobic exercise
can also restore EOV in previously sedentary middle-aged and older
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Chapter 10

Thermoregulation: considerations
for aging people
John Sanko
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INTRODUCTION

Internal body temperature is a relatively stable physiological func
tion and one of the most frequently measured vital signs. Core tem
perature normally does not vary by more than :to.55°C (:t 1°F) unless
a febrile illness develops. Healthy unclothed people who were exper
imentally exposed to ambient temperatures as low as 12.6°C(55°F) and
as high as 59.4°C (140°F) were able to maintain near constant core
temperatures in spite of these extreme environmental conditions
(Guyton & Hall 2000,Gonzalez et aI2oo1).

Humans are classified as homeotherms: they must maintain their
internal temperature within a very narrow range (Gonzalez et al
2(01). The critical temperature range, which is around 37°C (98.6°F),
must be maintained so that the Iife-sustaining biochemical processes
and other bodily functions can proceed at the appropriate rate,
frequency and duration. Internal temperatures above 45-50°C
(113-122°F) destroy the protein structure of various enzymes, which
results in biochemical breakdown, tissue destruction, severe illness
and death (Fig. 10.1). If the internal core temperature drops below
34.1°C (94°F), the ability of the hypothalamus to regulate body tem
perature is also severely impaired (Gonzalez et al 2001). Body tem
peratures below 33.9°C (93°F) slow metabolism to dangerously low
levels and disrupt nerve conduction, which, in tum, results in
decreased brain activity. If the body temperature continues to fall
unchecked, loss of motor control, sensation and consciousness will
be followed by ventricular fibrillation and death (see Fig. 10.1).

ln essence, all warm-blooded animals, including human beings,
live out their entire lives within a few degrees of death (Rhodes &
Tanner 2003).Core temperatures falling outside of the normal range

Decreased sensation

Loss of thermogenesis from
shivering

Atrial arrhythmias

Loss of reflexes

Hypotension

Highest risk ofdeveloping
ventricular fibrillation

No electrical activity inbrain
FlatEEG
No electrical activity inthe
heart. Flat ECG. Death

Figure 10.1 Physiological consequences of variations in core
temperature. Core temperature has a directeffecton physiological
function. Extreme core temperature will seriously challenge
homeostasis, which can have fatal consequences. EEG,
electroencephalogram; ECG, electrocardiogram.
(Data fromGuyton Et Hall2000and Rhodes Et Tanner 2003).

are indicative of some pathology or the failure of the thermoregula
tory system to maintain thermal balance. The complexity of the
physiological mechanisms involved in thermoregulation is shown in
Figure 10.2.
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Fiqure 10.2 Physiological mechanisms for maintaining thermoregulatory homeostasis. Breakdown or impairment in anyof the
thermoregulatory mechanisms can lead to serious problems in maintaining homeostasis. Teo core temperature; TSe l1 body's set
temperature and the factors that affect it; TSkl skin temperature.
(From Pandolf KB, Sawka MN,Gonzalez RR [eds] 1988Human Performance Physiology and Environmental Medicine at Terrestrial Extremes.
Benchmark, Indianapolis, p 106, with permission from the McGraw-Hili Companies.)

HYPERTHERMIA

Hyperthermia is the condition in which the internal core tempera
ture exceeds the normal range. Hyperthermia can be caused by
infections, brain lesions, environmental conditions or heavy exer
cise. When caused by an infection, the responsible microorganisms
release toxins called pyrogens into the bloodstream; on reaching the
temperature control centers of the brain, they raise the thermal set
point. This state, known as fever, is actually beneficial and is part of
the immune system's response. Higher core temperatures adversely
affect the invading microorganisms' ability to replicate. This gener
ally limits the extent of the infection and leads to its suppression.

In the older adult, the fever response is often diminished or absent,
which may explain the increased morbidity and mortality rates ass0

ciated with infections in the elderly (McCance & Huether 2(01). When
the ambient temperature rises above 30°C (86°F), progressive vasodi
lation of the cutaneous vasculature commences and is followed by
sweating and evaporation (Gonzalez et al 2(01). Factors such as high
humidity and physical activity magnify the effects of ambient temper
ature, taxing the thermoregulatory mechanisms. This is an especially
important factor in home healthcare when treating debilitated
patients. Unlike fever, nonfebrile rises in body temperature are not
beneficial and threaten homeostasis. If normal thermal regulation is
impaired in any way, these increases can reach dangerous levels. At
core temperatures above 4O.7°C (106°F), heat stroke and irreversible
brain damage become imminent (see Fig. 10.1).

HYPOTHALAMUS AND THERMAL REGULATION

The hypothalamus normally acts as the body's thermostat, initiating
heat-dissipating, heat-conserving or heat-generating mechanisms in
relation to internal core and body surface temperatures (Gonzalez et al
2(01). The temperature-reduction mechanisms include vasodilation,
sweating, inhibition of shivering and decreased chemical thermogen
esis. When body temperature begins to rise, sympathetic outflow from

the hypothalamus to the cutaneous vasculature is inhibited, allowing
for vasodilation and increased heat transfer from the skin to the exter
nal environment. This mechanism is capable of increasing heat dissi
pation through the skin by as much as 800%. Sweating and evaporative
loss further enhance the skin's ability to dissipate heat. When the body
is subjected to cold, the hypothalamus conserves or generates body
heat by measuring sympathetic tone, which results in vasoconstriction
of the cutaneous circulation, piloerection, shivering and increased
metabolism through the secretion of thyroxine (Guyton & Hall 2000,
Gonzalez et al 2001, Rhodes & Tanner 2(03). The efficiency of these
mechanisms may be altered by skin atrophy, diminished vascular tree
and reduced muscle mass and is discussed in greater detail below.

MOBILITY AND PSYCHOSOCIAL FACTORS

In spite of the exquisite physiological mechanisms that are available for
dealing with temperature change, behavioral modifications may be the
greatest defense against environmental challenges to thermoregula
tory homeostasis. When our surroundings become too warm or too
cold, we try to avoid such conditions by moving to a more comfortable
location. In addition, we may add or remove clothing as conditions
warrant. Because 30-40% of the body's heat can be lost through the
head, the simple act of wearing a hat can have a profound influence on
the thermoregulatory process (McArdle et al2001).The very young and
the elderly are at the greatest risk when exposed to extremes of envi
ronmental conditions. This may be partly because of their inability to
recognize the magnitude of the situation and take appropriate action.

Older adults often find themselves dependent upon others for their
well-being, commonly as a result of deficits in physical or cognitive
function. The incidence of chronic disease increases dramatically with
age. More than 50% of those over 65 years of age report some limitation
in mobility due to arthritis and another 16% have other orthopedic
problems that limit their ability to carry out the normal activities of
daily living (ADls) (Guccione 2(00). In older individuals, muscu
loskeletal and neurological conditions often reduce their functional



level to a point where they become partially, if not fully, dependent
upon others to carry out the ADLs. Thermoregulatory stress may be
one of many reasons why elderly people who are dependent on others
for help with ADLs have a four times greater chance of dying within
a two-year period than those who are totally independent.
Approximately 15% of the population aged over 65 are in some way
cognitively impaired. The incidence of cognitive impairment rises rap
idly with age. Some deterioration in mental function is seen in nearly
50% of those individuals who are 85 years of age or older (Guccione
2(00). These physical and mental impairments, combined with a
reduction in the functional capacity of various organ systems, make the
older adult particularly vulnerable to thermoregulatory stress.

Thermal injury
Heat stroke, heat exhaustion and hypothermia are most prevalent
among the elderly and are inversely related to socioeconomic status.
When elderly individuals on fixed incomes turn the heat down in the
winter because they cannot pay high heating bills, they are certainly
predisposing themselves to hypothermia. Conversely, elderly people
who are unable to afford air conditioning are 50 times more likely to
die of heat stroke than those who have access to air conditioning
(Wongsurawat 1994).Although it hasbeen stated that numerous pre
disposing physiological factors contribute to failure of the thermoregu
latory system to maintain thermal balance, many temperature-related
threats to health could undoubtedly be prevented if elderly individuals
stayed indoors, adjusted the heating or air conditioning and dressed
more appropriately (Gonzalez et al 2001, Powers & Howley 2(03). In
cases in which economic status or physical or mental condition makes
these actions impossible, those involved should be referred to the
appropriate agencies for the protection of their welfare.

PHYSIOLOGICAL FACTORS

Skin receptors and circulatory response
Even when healthy and mentally alert, the elderly are less able to
sense changes in skin temperature and this makes them more sus
ceptible to thermoregulatory problems (Kauffman 1987, Gonzalez
et aI2(01). Skin temperature, unlike core temperature, is extremely
variable. Thermoreceptors for both heat and cold are found in the
skin, the spinal cord and the hypothalamus itself (Powers & Howley
2(03). Receptors in the skin provide the hypothalamus with important
feedback regarding the need to dissipate, conserve or generate heat.
Numerous bare nerve endings just below the skin are sensitive to heat
and cold. They are classified as warm or cold receptors, depending on
their rate of discharge when exposed to variations in temperature;
there are approximately 10 times more cold receptors than hot recep
tors (Rhodes & Tanner 2(03). It is not known whether the effectiveness
of these thennoreceptors declines with age; however, because their
function depends on an adequate oxygen supply, it seems reasonable
to assume that any age-associated impairments in cutaneous circula
tion will reduce their effectiveness (Collins et al1977).

It is known that the dermis becomes thinner and less vascularized
with age (Claremont et al 1976). The changes in skin thickness and
circulation along with reduced autonomic nervous system function
alter the effectiveness of the vasomotor response. The vasomotor
mechanism can alter cutaneous blood flow from near zero when
exposed to extreme cold to increases of 500-1000% when exposed to
vigorous warming. The evaporative loss of sweat from the skin surface
helps to dissipate heat in the cutaneous circulation. A study that com
pared men of 45--57 years with men of 18-23 years during moderate
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intensity exercise found that the older men took twice as long to start
sweating. Subsequent studies of older women showed even greater
impairments in the sweating mechanism. The number of sweat glands
does not appear to change significantly with aging (Finch &Schneider
1985).Therefore, it is reasonable to assume that the age-related decline
in autonomic nervous system function reduces the performance of
sweat glands and alters the body's ability to dissipate excess heat. In
addition, the hypothalamus appears to become less sensitive to tem
perature variations (Guyton & Hall 2000).

It is unclear how much of the thermoregulatory impairment seen
in the elderly is age-related and how much is the result of chronic
disease processes and a sedentary lifestyle. Several investigators
have found little or no difference in thermoregulation during exer
cise in physically fit younger and older subjects (Drinkwater &
Horvath 1979). The ability of the cardiovascular system to dissipate
body heat is enhanced by aerobic fitness. Resistive exercise has been
found to be particularly beneficial in maintaining or retarding muscle
loss in the elderly and should be considered when not contraindi
cated. Muscle is a Significant tissue not only for heat generation, but
also for the mobility needed for thermoregulation.

Other physiological factors
The ingestion of food and alcohol and medications to control blood
pressure, cardiac function, depression and pain all exert an influence
on thermal balance and regulation. A sufficient, well-balanced diet is
essential to provide the calories needed to generate heat and maintain
adequate levels of metabolically active muscle. Muscle, which is the
major organ of metabolism and heat generation, can decrease by
10-12% in the older adult. One-third of the US population over 65 has
some form of nutritional deficit, often eating inappropriate quanti
ties of foods that are low in nutritional values. Because 80% of the
calories consumed go toward the maintenance of body temperature,
this deficit can further contribute to the thermoregulatory inadequa
cies experienced by some older individuals. The shivering mecha
nism, which can increase metabolism and heat generation by
300-500%, is also adversely affected by the loss of muscle tissue
(Gonzalez et al2oo1, Rhodes & Tanner 2003).

POSSIBLE EFFECTS OF MEDICATION

Although there is still a great deal to be learned about the effects of
aging on thermoregulatory function, it appears that physical condi
tioning and adequate nutrition help to preserve thisfunction in healthy
older adults. However, not all older individuals are healthy or physi
cally fit. Many have chronic conditions that interfere with their ability
to respond to even mild variations in temperature. In addition, various
medications can interfere with the normal physiological responses nec
essary to maintain thermal homeostasis. Dehydration may occur in
individuals taking diuretics for the management of congestive heart
failure or hypertension. A loss as small as 1%of an individual's total
body fluid can lead to consequential increases in core temperature,
decreased sweating, reduced cardiac output and a reduction in skin
blood flow. In one study, a diuretic-induced 3% loss of body fluid
resulted in a significant reduction in plasma volume and a 15--20beat
per minute increase in heart rate (Claremont et al1976).

Beta-antagonists are another category of medication commonly pre
scribed for elderly individuals with heart disease and hypertension. In
a Swedish study, 54% of patients taking beta blockers complained of
cold hands and feet, and 35% of patients on diuretics complained of
this problem (Claremont et al 1976). Additionally, individuals using
beta blockers were found to rate their perception of exertion for a
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given workload significantly higher than would be predicted for that
workload.

Although the use of illicitdrugs is lowest among the elderly, the mis
use of prescription drugs is a major problem in this group. In one sur
vey of elderly people living independently in the community, 83%
reported using two or more prescription drugs, with an average of 3.8
medications per person (Hooyman & Kiyak 2004). Many elderly
individuals have been found to misuse prescription and nonpre
scription over-the-counter drugs. Surveyed individuals reported tak
ing two to threetimes the recommended dosages of aspirin, laxatives
and sleeping pills. Misuse of laxatives could further increase the rate
and severity of dehydration, and sedatives impair the autonomic
nervous system's ability to react to environmental conditions.

Alcohol also inhibits the body's ability to regulate temperature by
interfering with the vasomotor system and altering cutaneous blood
flow,which impairs the body's ability to dissipate or conserve heat. The
dehydrating effectsof alcohol can also contribute to an inadequate ther
moregulatory response by reducing plasma volume and decreasing the
sweat response. Combined with prescription and nonprescription med
ications, alcohol can create serious problems for any individual.

ability to better maintain core temperature when exposed to cooler
ambient temperatures (Kenney & Munce 2003).

Whenever treating any individual with exercise or thermal modali
ties, age should be a consideration. Ideally, the ambient temperature in
exercise areas should be 19.8-22°C (68-72°F) with a relative humidity
of 60% or less. When exercise is to be performed outdoors, appropri
ate clothing is necessary. Planning outdoor activities during moderate
weather is also important. It would not be prudent to exercise in mid
afternoon on a hot summer's day or late in the evening on a cold win
ter's day. Because older adults may build up heat more quickly and
take longer to dissipate it than their younger counterparts, frequent
rest periods in well-ventilated areas should be incorporated into any
exercise regimen.

CONCLUSION

The safe and effective use of exercise, heat, cold or hydrotherapy
requires a thorough assessment of the individual's condition, med
ical history and ability to withstand thermal or cryogenic stress. A

POSTSURGICAL CONSIDERATIONS

A number of geriatric patients receiving physical therapy in acute
and extended-care facilities are postsurgical patients. The tremen
dous advancements and successes in joint replacement surgery have
made these procedures relatively commonplace. Plasma lost during
surgery may result in some degree of dehydration, but anesthetics
present the greater challenge to thermoregulation in these patients.
Most anesthetics and sedatives impair the body's ability to maintain
core temperature by blocking the normal heat-generating activity.
There are some benefits of mild hypothermia for the surgical patient
but there are also increased risks for the elderly. A 2°C (3.6°F)drop in
core temperature has been shown to substantially increase blood loss
during hip arthroplastic surgery. The incidence of ischemic myocar
dial events increases for a 24-h period following intraoperative
hypothermia. Higher rates of wound infection, delayed healing and
immunosuppression are also seen following anesthesia-induced
hypothermia. The elderly appear to be at the greatest risk for devel
oping one or more of these complications because of their predispo
sition to hypothermia even when exposed to only moderately cold
conditions (Mayer & Sessler 2004).

Instant tissue necrosis

Blisters appear in30 s
and necrosis in1min

Blisters in20 min and
tissue necrosis in60min

Severe pain

Normal oral temperature

Normal skin orsurface
temperature

Redness and swelling in
1h

Neuroconduction velocity
seriously impaired

Paralysis

Celsius Fahrenheit

CLINICAL CONSIDERATIONS

In spite of the fact that numerous age-correlated alterations in ther
moregulation have been identified, the ability to regulate internal
core temperature appears to remain within acceptable limits in the
healthy, fit older adult. Furthermore, few of the changes seen in auto
nomic, circulatory and thermal function are solely the result of bio
logical aging. Reduced physical work capacity, body composition
changes, chronic illness, the use and misuse of various medications,
and alterations in cognitive function become more prevalent with
advancing age and influence the function of various body systems
involved with thermoregulation. Studies on thermoregulation and
aging have generally shown that aging reduces sweat gland output,
skin blood flow, cardiac output, peripheral vasoconstriction and
muscle mass. Gender may also play an important role; although both
males and females lose muscle mass as they age, females tend to have
a greater increase in percent body fat, which may account for their

Pain and swelling in4-7
min

Skin freezes

Figure 10.3 Effecton body tissues of direct exposure to heat
andcold. Surface temperature maybeverydifferent from core
temperature. Extremes in local tissue temperature will lead to cell
death and tissue necrosis, regardless of core temperature. Local
thermoregulatory impairments can lead to systemic consequences if
not corrected.
(From Guyton Et Hall 2000and Rhodes Et Tanner 2003.)



past medical history of hypersensitivity to heat or cold, Raynaud's
disease, urticaria, wheals, diabetes or heart disease requires further
consideration before intervention. Pain and temperature sensation
should also be assessed.

The normal effects of direct heating and cooling of the tissue may
be altered in some elderly individuals (Fig. 10.3). Vital signs should
be monitored along with skin temperature, sensation, color, sweat
rate and rate of perceived exertion (RPE). Additional care should be
taken with individuals on medication and those who have impaired
cognitive and mental function.

Table 10.1 Heat-related emergencies

Condition Signs and symptoms

Heat edema Swollen feetand ankles
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Should a thermoregulatory crisis occur, standard emergency and
medical procedures should be followed (Tables 10.1 and 10.2). A few
simple precautions can help to prevent many of these crises (Boxes
10.1 and 10.2). Additional research in the area of thermoregulation
and aging is needed to resolve the many contradictory findings.
Until these questions have been answered, the clinician must care
fully consider the use of modalities and exercises with people of var
ious ages, based on experience, common sense and the current body
of knowledge.

Treatment

Elevat~ the lower extremities and wear support stockings. If
symptoms are a consequence of a cardiovascular condition.
drug therapy may be required

Heat cramps Severe muscle spasm, particularly in the lower extremlties

Heat syncope Pooling of blood in veins resultlnq in decreased
cardiac output; symptoms ranging from lighthead~dness

to loss of consciousness; typically cool and wet skin

Heat exhaustion lossof volume in the circulatory svstem as a result of
excessive sweating; cool and clammy skin; nausea,
headache, confusion, weakness and low blood pressure

Heat stroke High skin and core body temperature: loss of consciousness:
possible convulsions; dryskin, indicating loss of thesw~ating

mechanism for cooling

Allowpatientto rest in a cool place, cool with moist towels
and drinkelectrolyte replacement fluids

Allowpatientto liedown, rest and drinkelectrolyte fluids. This
condition iscaused byphysical exertion in a warm environment
byan individual not acclimatized to that environment

R~st and fluid replacement; fluids with electrolytes may be
necessary. Unconsciousness occurs rar~ly

This is the most severe heat-related condition. Cool thebody as
rapidly aspossible. Seek immediate medical care

From Judd Rl, Dinep MM 1986 Environmental emergencies. In:Judd Rl, Warner CG, Shaffer MA (eds) Geriatric Emerqendes. Aspen Publishers, Rockville. MD.
p 255.

-- .__._----------------------------_.__ .._-------- .-

Table 10.2 Cold-related emergencies

Condition

Chilblains

Trench foot

Frostnip

Frostbite

Hypothermia

Cold allergy

Signs and symptoms

Skin lesions that occur afterprolonged exposure of the
skin to temperatures below 15.4°C (SO°F)

Swollen body part(usually foot); waxy, mottled appearance
of skin; complaints of numbness; caused byprolonged
exposure to cool water

Reddened skin that becomes blanched; numbness or tingling;
ears, nose, lips, finqers and toes most commonly affected

Waxy appearance of skin; may turn mottled

Shivering in early staqes: drowsiness and Idhargy;slow
breathing and bradycardia; possible loss of consciousness

Urticaria, erythema, itching and edema: systemic reactions,
including hypotension, tachycardia. syncope and
gastrointestinal dysfunction

Treatment

Protect the injur~d area and prevent re-exposure

Remove wet shoes and socks. Gently rewarm. Cover any blisters
with sterile dressings

Gently warm the involved area. If thecondition does not
resolve itself, treat the individual for frostbite

Gently warm but donot rubor squeeze the injured part.
Transport patient immediately for advanced medical treatment

Gently rewarm the individual in mildcases. lmmedlatelv
transport for advanc~d m~dical care in mod~rate to severe cases

Gently warm and acclimatize the individual

From Judd Rl, Dinep MM 1986 Environmental emergencies. In:Judd RI., Warn~r CG, Shaffer MA (eds) Geriatric Emergencies. Aspen Publishers, Rockville, MD.
p 255.
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Box 10.1 How to avoid hyperthermia

• Wear loose-fitting, light clothing during periods of high
heat and humidity

.. Take cool baths or showers during periods of highheat
and humidity

... Drink adequate amounts of fluids, even when not thirsty
Use air conditioning or fans to cool and circulate the air
Avoid excessive exercise during peak temperatures of
the day, especially when humidity is high and fans and

Box 10.2 How to avoid hypothermia

.. Wear several layers of loose-fitting clothing and a hat
> Stay dry

c» Maintain an adequate balanced diet
., Drink adequate amounts of fluids, but limit alcohol

consumption
• Turn upthe heating when the weather iscool
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Chapter 11

The aging immune system
Gordon Dickinson

CHAPTER CONTENTS

INTRODUCTION

INNATE AND ACQUIRED IMMUNITY

IMMUNE FUNCTION CHANGES AND
RISKS OF INFECTION

The aging process is associated with changes in immune function,
particularly in those functions directed or carried out by the lympho
cyte system (Schwab &Callegari 1992,Adler & Nagel 1994,Miller 1999,
Allman & Miller 2005, Gomez et al2005, Goronzy & Weyand 2005,
Hodes 2005, Sebastian et al 2(05). Although some research has sug
gested that the aging process itself may be the result of the immune

The principal components of the acquired immune system are the T
and B lymphocytes. All lymphocytes originate from progenitors in
the bone marrow. Some evolve into Blymphocytes, so-called because
in birds these cells originate in the bursa of Fabricius. The Blympho
cytes become antibody factories when activated by helper / inducer T
lymphocytes. T lymphocytes circulate through the thymus gland and
develop the ability to recognize foreign matter (an antigen), retain
memory of the antigen and influence Blymphocytes to produce anti
bodies against this antigen. These highly specific antibodies attach
themselves to the invader, either killing it directly or facilitating the
process of phagocytosis, and ultimately cause the destruction and clear
ance of the invader from the body. Because the lymphocytes retain a
memory of the invader, the next exposure to this invader prompts a
specific and immediate response. This ability of the immune system
to develop and maintain a highly effective and specific response is the
basis of vaccination.

When activated, natural killer cells, another subset of lymphocytes,
have the ability to select and destroy abnormal host cells (i.e, malignant
cells)and destroy intracellular pathogens such as viruses by destroying
the cells harboring them. Other T lymphocytes, the T-suppressor lym
phocytes, have the ability to down-regulate and turn off the immune
response once an invader is repelled. The macrophages and lympho
cytes interact with one another by secreting soluble products known
as cytokines. There are many unique cytokines, and presumably
others remain to be discovered.

T and B lymphocytes

(e.g. parasites) or thrive in an intracellular location (e.g. viruses,
mycobacteria and an assortment of other pathogens). Tobolster these
defenses, an acquired immune system has evolved, which is extremely
potent and pathogen-specific, but which must be primed by a first
time exposure to the pathogen. Once in place, acquired immunity is
permanent. The term 'immunity' generally refers to the activity of
the acquired immune system.
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Immunity can be categorized as innate or acquired. The components of
innate immunity are generally present from birth and do not require
exposure to a pathogen for their development. Innate immunity
includes the macrophage/phagocyte cell lines, which act as nonspecific
scavengers within the body, engulfing and killing invaders that have
breeched the skin or mucosal barriers. To assist the macrophages,
there are substances in the serum called complement and acute-phase
reactants that facilitate the attachment and ingestion of pathogens. The
macrophages, as well as the complement and acute-phase reactants,
are poised to function as an immediate response system against vir
tually all bacteria; however, even in the presence of complement and
acute-phase reactants, phagocytic cells often have difficulty promptly
and efficiently ingesting pathogens. Some bacteria, for example
Streptococcus pneumoniae and Haemophilus injluenzae, form a polysac
charide capsule that shields them from these defenses. Moreover,
many pathogens are either too large for ingestion by macrophages

Humans possess an elaborate array of host defenses against the many
potential pathogens in their environment. Among these protective
mechanisms are important mechanical and physiological guards such
as skin and mucosal barriers, valvular structures like the epiglottis and
the urethral valves, cleansing fluids (tears and respiratory tract mucus)
and involuntary activities such as coughing. These defenses are, how
ever, frequently breached and it is the immune response that is the
final and most potent form of protection. 'Immune response' generally
refers to internal cellular and humoral defense mechanisms, especially
those that are acquired.
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system turning against the body, at present such a theory remains spec
ulative. Most observations of age-associated altered immune function
concern failure of or deficiency in function. The increased incidence of
malignancies results partly from a loss of the immune system's sur
veillance and eradication of abnormal cells as they arise. Aging is also
associated with increased activity or loss of control of some aspects of
the immune system. For example, the incidence of monoclonal gam
mopathies (multiple myeloma) rises in the older population and the
frequency of both antiidiotypic (antibodies directed against other anti
bodies) and autoimmune antibodies increases as a person ages. Long
before our understanding of the intricacies of the cellular immune sys
tem and the specialized properties of its various components began,
it was known that the thymus gland progressively atrophies until it
becomes virtually a vestigial organ in later life (Adler & Nagel 1994,
Miller 1999). Investigation of immune function suggests that the most
dramatic changes occur within the cellular arm of the immune system
(Akbar & Fletcher 2005, Allman & Miller 2005, Gomez et al 2005,
Goronzy & Weyand 2005, Hodes 2005, Sadighi Akh & Miller 2005).
B lymphocytes, the cells involved in the production of antibodies
('humoral immunity'), function relatively well, even in the very old.
Specificchanges in immune function that have been described as being
associated with aging are listed in Box 11.1.

Box 11.1 Changes in immune function associated
with aging

.. Atrophy of the thymus with decreased production of
thymic hormones

" Decreased in vitro responsiveness to interleukin-2
.. Decreased cell proliferation in response to mitogenic

stimulation
.• Decreased cell-mediated cytotoxicity
.. Enhanced cellular sensitivity to prostaglandin E2

.. Increased synthesis of antiidiotypic antibodies
• Increase in autoimmune antibodies
" Increased incidence ofserum monoclonal immuno-proteins
.. Decreased representation of peripheral blood B lympho-

cytes in men
.. Diminished delayed hypersensitivity
.. Enhanced ability to synthesize interferon-j, interleukin-6,

tumornecrosis factor-a

Clinically, the aging individual is at an increased risk both for
infectionand for a negative outcome of infection.The origin of some of
this risk may be in diminished immune function. For example, the inci
dence and mortality rate of pneumococcal pneumonia, low through
out adolescence and most of the adult years, rises dramatically in
people over the age of 65. The consequences of influenza are also
enhanced in the elderly, with a dramatically increased risk of death.
Primary varicella (chickenpox) is a dreaded infection in older people
because of the potential for severe pneumonitis and encephalitis, which
often have fataloutcomes in thispopulation. The elderly are also at risk
for reactivation of latent infections. For example, varicella zoster and
reactivation tuberculosis are seen with increased frequency in older
people. Conversely, there is some evidence that the senescence of the
immune system correlates more closely with the quantity of comorbid
diseases rather than with chronological age (Castle et al 2005).

RISKS OF INFECTION RELATED TO OTHER
PATHOLOGIES

Not all of the increased risks of infection are attributable to changes in
immune function. Indeed, many diseases afflicting the elderly result
in increased vulnerability to infection that is unrelated to changes in
the immune system. For example, the pulmonary edema of congestive
heart failure is frequently a contributing factor to the development of
pneumonia, presumably because the edema enhances bacterial growth
and compromises clearance mechanisms. Peripheral vascular disease
causes ischemic breakdown of skin and soft tissue, allowing direct
invasion of microbes while impairing the blood flow necessary to carry
host defenses to the site of invasion. Another example is a cerebrovas
cular accident, which leaves the patient with an impaired cough mech
anism and malfunctioning epiglottic closure, with an attendant risk
for aspiration. What is usually transient colonization with aspirated
oral bacterial flora may progress, if not cleared, to cause bronchitis or
pneumonia. Malignancies, which occur more frequently in the eld
erly, increase the risk of infection by a number of mechanisms. They
can interfere with the cleansing effects of body fluids by interrupting
normal flow - as seen with endobronchial carcinoma or laryngeal car
cinoma, for example - thereby setting the stage for entrapment of
bacteria normally swept away by mucus flow. Malignancies also fre
quently erode normal cutaneous or mucosal barriers, providing a direct
invasion route into soft tissues and body cavities. The inanition that
frequently accompanies metastatic malignancy is, moreover, associated
with impaired cellular immunity.

All of these diseases may contribute indirectly to the risk of infec
tion simply because the patient is hospitalized in a facility where the
opportunity of acquiring a virulent multidrug-resistant pathogen is
much increased.

IMPLICATIONS OF IMMUNE DYSFUNCTION

As noted above, the major clinical significance of immune dysfunc
tion in the elderly is an increased risk of infection and, all too fre
quently, severe morbidity when an infection occurs. A number of
infections are recognized to occur more frequently in the elderly
(Box 11.2). The implications for health professionals are obvious.
Because infections may rapidly overwhelm the immune defenses
and initiate an irrevocable course, clinicians must monitor patients
closely. Early warning signals may be subtle: a sensation of being
unwell, a change in mentation (lethargy, confusion), a decrease in
appetite or a diminution of physical activity. Such clinical signs and

Box 11.2 Infections that occur with Increased
frequency among the elderly

• Pneumonia
• Tuberculosis
• Bacteremia
• Infectious diarrhea
• Septic arthritis
• Urinary tract infection
• Skin and soft-tissue infections
• Infective endocarditis
• Meningitis



symptoms of infection may be muted in the older patient; crucial
clues may be easily overlooked or attributed to other conditions.
Fever, the hallmark of infection, may be subdued or even replaced
by a drop in temperature in the older patient and chills may be
absent. Caregivers should pay attention to subtle clinical hints and
investigate by questioning and examining the patient followed
by the use of laboratory and radiographic studies as appropriate.
Because the elderly patient frequently has other diseases that may
cause these signs and symptoms, a timely and accurate diagnosis is
often difficult to establish.

Therapeutic intervention
-----

Becausebacteriologicalanalysis to detect the causative pathogen takes
hours or days, empiric treatment is frequently necessary to avoid
undue morbidity and mortality associated with serious infections. The
decision to initiate empiric anti-microbial treatment is often problem
atic when the presence of an infection has not yet been proven and
the causative organism is not known. To diagnose and choose treat
ment, the clinician must weigh all available evidence, searching care
fully for clues at typical sites of infection: respiratory tract, urinary
tract, pressure sores on the skin, catheter insertion sites, and the biliary
and gastrointestinal tracts. If a decision is taken to initiate empiric
treatment, knowledge of a patient's prior infections and recent expe
riences with nosocomial pathogens within the facility will help the
physician choose appropriate antibiotics. This process of determining
the probable causative organism and starting empiric treatment is
particularly difficult in the extended-eare facility and the homecare
setting and when the patient is being transferred between different
treatment facilities. Effective and timely communication among the
healthcare team members is a necessity if patients in such circumstances
are to receive optimal care. As in all areas of healthcare, prevention is
greatly preferred to treatment. Of primary importance is attention to
the seemingly mundane details of daily care to avoid situations that
are known to place a patient at risk for infection. Malnutrition exac
erbates the frailty of the elderly, so monitoring the patient's nutritional
needs and intervening to ensure that they are met are important. Such
nutritional intervention may require no more than assistance with
meals. Although nutritional supplements are commercially available,
balanced meals prepared to accommodate the patient's taste and any
impairment of mastication are usually sufficient. Measures to avoid
skin breakdown should also be followed meticulously: for example,
frequent turning of the immobile patient, cleaning of skin soiled by
incontinence and attending to bowel and urinary habits to minimize
incontinence. Discontinuation of unnecessary medical devices such
as intravenous catheters and urinary catheters also eliminates two of
the greatest iatrogenic sources of serious infection.

Basic to the prevention of nosocomial infections is strict attention
to good infection control practices that are universally recommended
but seldom scrupulously followed. In many centers, the problem of
nosocomial spread of pathogens has been exacerbated by the emer
gence of multidrug-resistant pathogens, a phenomenon likely to
continue in the future. Outbreaks of infection within hospitals and
nursing homes caused by methicillin-resistant Staphylococcus aureus
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and multidrug-resistant Enterobacteriaceae, streptococci and even
Mycobacterium tuberculosis have been documented. However, most, if
not all, outbreaks are avoidable.

Exercise and the immune system
It is clear that appropriate physical exercise is of benefit to the elderly,
and there are data to suggest that exerciseis beneficial to immune func
tion (Orela et al 2004, Kohut et al 2(05). What is not clear is whether
this is a direct benefit of exercise or an indirect benefit through psy
chosocial factors (Kohut et al 2(05). The exercise stimulus is clearly
an important factor to consider. Natural killer cell activity has been
shown to increase with 10 weeks of resistance training using three
sets of 10 repetitions. The graded weight training, involving 10 differ
ent exercises,was performed on machines and used an intensity of one
repetition maximum (1RM)(McFarlinet aI2oo5). Regardless, it is easy
to suggest that regular exercise, consistent with the cardiovascular
and musculoskeletal constraints of the individual, is beneficial for
the aging immune system as well as the global health of the elderly.

Vaccines
--------- -----------------
No discussion of preventive medicine for the elderly is complete
without mention of vaccination against two important pathogens:
influenza and S. pneumoniae. Influenza vaccines are updated yearly
to include antigens from the most recent endemic strains and are typ
icallygiven in the autumn to elicit antibodies in the recipient in time for
the winter influenza epidemic. The pneumococcal vaccine, contain
ing type-specific antigens from 23 of the most prevalent S. pneumoniae
capsular types, is recommended for all individuals over the age of 65.

The pneumococcal vaccine is not without its critics, however. In
elderly recipients, particularly among subgroups with liver, renal and
other chronic diseases, response is suboptimal. Moreover, the com
ponent antigens can vary considerably in their immunogenicity,
with some eliciting very low antibody responses or none at all and
others producing predictably good antibody titers. The emergence of
penicillin-resistant S. pneumoniae in the past decade has, however,
enhanced the potential benefit of vaccination against this pathogen.
Because the antibody levels produced tend to decrease with time,
revaccination every 5-10 years is recommended.

CONCLUSION

Changes in the immune systems of elderly people add to the com
plexity and challenge of providing appropriate healthcare to the
elderly. Comorbidities further complicate this problem. Because an
elevation in body temperature is not always seen, clinicians and care
providers must be aware of the subtle manifestations of infection
such as a sense of being unwell, lethargy, confusion and diminished
appetite or physical activity. The choice of medical intervention is
not always obvious, but good nutrition and infection control are nec
essary. Vaccinations are helpful, although their use is not without
controversy.
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INTRODUCTION

Elderlypeople receivingphysical rehabilitation servicesare commonly
laking medications to help resolve acute and chronic ailments. These
medications are intended to improve the patient's health but they fre
quently cause side effects that can have a negative impact on the
patient's response to physical rehabilitation.Older adults are more sus
ceptible to adverse effectsof drugs because of many factors, including
excessive drug use, declining function in various physiological sys
ternsand altered drug metabolism and excretion.

In particular, age-related physiological changes in liver and kidney
function can profoundly affect drug metabolism and excretion
(Mangoni & Jackson 2004). Most medications are metabolized and
inactivated to some extent in the liver, and age-related decreases in
liver size, hepatic blood flow and enzymatic capacity can impair the
body's ability to metabolize these medications. Likewise, the kidneys
are the primary site of drug excretion, and progressive decreases in
renal mass, renal blood flow, filtration capacity and nephron function
can reduce the body's ability to remove various drugs and their
metabolites from the bloodstream. Becauseof these age-related physi
ologicalchanges, the body is not able toeliminate drugs in a timely and
predictable manner, thus leading to drug accumulation and an
increasedrisk of adverse drug reactions.

Deficiencies in other physiological systems may also increase the
likelihood of adverse drug reactions in older adults (Turnheim &
Alexopoulos 2004). For example, an older adult with impaired bal
ance reactions will be more likely to fall when taking hypnotic
agents and other drugs that impair balance. An older patient who
has cognitive deficits might become more confused when taking opi
oids and other medications that affect cognition. Hence, problems
related to a decline in any physiological system will almost certainly
be magnified by drugs that adversely affect that system.

Nonetheless, older adults often rely on medications to help improve
their health and quality of life. It follows that therapists should be
aware of the primary medications being taken by their elderly clients
and how those medications can affectpatients' participation in rehabil
itation.

Some of the primary medications used to treat conditions com
monly seen in older adults are addressed here. This discussion is not
meant to be all-inclusive but should help clinicians to recognize and
understand how medications taken by the elderly can affect their
response to rehabilitation.

TREATMENT OF PAIN AND INFLAMMATION

Opioid analgesics
"-----

Opioid (narcotic) medications such as morphine and meperidine
(Table 12.1)are powerful analgesics that bind to neuronal receptors
in the spinal cord and brain. These medications reduce synaptic
activity in pain-transmitting pathways, thereby decreasing pain per
ception. Common side effects of opioids include sedation, respira
tory depression, constipation and postural hypotension. Therapists
should also be aware that older adults are more susceptible to opioid
induced psychotropic reactions such as confusion, anxiety, hallucina
tions and euphoria/dysphoria (Wtlder-Smith 2(05). Opioids can also
increase the risk of falls in older adults, by either increasing sedation or
causing dizziness from orthostatic hypotension. These reactions are
especially common in elderly patients recovering from surgery, per
haps because of opioid side effects being magnified by the residual
effects of the general anesthetic and because of the disorientation and
wooziness that often occur after surgery.

Non-opioid analgesics
Nonsteroidal antiinflammatory drugs (NSAIDs) are the primary
group of non-opioid analgesics. NSAIDs include aspirin, ibuprofen
and similar agents (see Table 12.1)and these drugs are often effective
in treating mild to moderate pain. These medications actually pro
duce four clinically important effects: decreased pain, decreased
inflammation, decreased fever and decreased blood coagulation.
There is also considerable evidence that NSAIDs may decrease the
risk of certain cancers, including colorectal cancer. All of these effects
are mediated through inhibition of the biosynthesis of lipid com
pounds called prostaglandins. Certain prostaglandins mediate
painful sensations by increasing the nociceptive effects of bradykinin.
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Table 12.1 Analgesic and ant i in f lammatory  medicat ions 

Category Common examples 

acetaminophen does not produce gastrointestinal irritation, but this 
medication can cause severe hepatotoxicity in those with liver dis- 
ease or after an overdose. 

Generic name Trade name An t i  i n flamma tory medications 
Opioid analgesics Hydromorphone Dilaudid 

Meperidine (pethidine) Demerol 
Morphine Many trade names 
Oxycod on e OxyCon t i n, others 
Propoxyphene Darvon 

Nonopioid analgesics 
NSAlDs Aspirin 

Ibuprofen 
Ketoprofen 
Ketorolac 
Naproxen 
Piroxicam 

COX-2 inhibitors Celecoxib 
Acetaminophen - 

Glucocorticoids Cortisone 
~~ 

Dexamethasone 
Hydrocortisone 
Methylprednisone 
Prednisone 

Many trade names 
Advil, Motrin, others 
Orudis 
Toradol 
Aleve, others 
Felde ne 
Celebrex 
Tylenol, others 

Cortone, others 
Decadron 
Many trade names 
Medrol 
Deltasone. others 

~ . .. 

COX-2, cyclooxygenase type 2; NSAIDS, nonsteroidal antiinflammatory drugs. 

NSAID-mediated inhibition of prostaglandin synthesis therefore 
helps reduce painful sensations in a variety of clinical conditions. The 
primary problem associated with NSAIDs is gastrointestinal distress, 
including gastric irritation and ulceration. These medications may 
also cause damage to the liver and kidneys, especially in older adults 
who have preexisting hepatic or renal dysfunction. 

In addition to traditional NSAIDs, newer drugs known as COX-2 
inhibitors have been developed (Savage 2005). These drugs are so 
named because they inhibit the cyclooxygenase (COX)-2 enzyme that 
synthesizes prostaglandins during pathological conditions. The 
COX-2 enzyme synthesizes prostaglandins that cause pain, inflam- 
mation and other harmful effects, whereas the COX-1 enzyme syn- 
thesizes prostaglandins that are beneficial and often help protect 
various tissues and organs. Whereas traditional NSAIDs (e.g. 
aspirin, ibuprofen) inhibit both isoforms of the COX enzyme, the 
COX-2 drugs are designed to inhibit only the production of harmful 
prostaglandins (reducing pain and inflammation) while sparing the 
production of beneficial prostaglandins in the stomach, kidneys, and 
other organs and tissues. Indeed, the incidence of gastric problems is 
lower with COX-2 drugs, and some older adults have used these 
drugs successfully for extended periods to treat osteoarthritis and sim- 
ilar problems with minimal side effects. The COX-2 drugs, however, 
may also produce serious cardiovascular problems including heart 
attack and stroke in susceptible patients. Hence, these drugs should 
be avoided in those at risk for cardiovascular disease (Savage 2005). 
Currently, celecoxib (Celebrex) is the only COX-2 drug that remains 
on the market, and future studies will be needed to determine if this 
drug and newer COX-2 inhibitors can be used safely in older adults 
who have an acceptable risk profile. 

Acetaminophen (paracetamol), the active ingredient in Tylenol 
and other products, is another type of non-opioid analgesic. This 
agent is different from the NSAIDs in that it does not produce 
any appreciable antiinflammatory or anticoagulant effects. Likewise, 

Treatment of inflammation consists primarily of the NSAIDs and anti- 
inflammatory steroids. As indicated earlier, NSAIDs inhibit the synthe- 
sis of prostaglandins and this inlubition reduces the proinflammatory 
effects of certain prostaglandins. NSAIDs tend to be effective in treating 
a variety of conditions that exhibit mild to moderate inflammation. 
More severe inflammatory conditions often require the use of antiin- 
flammatory steroids known as glucocorticoids. Medications such as 
prednisolone and cortisone (see Table 12.1) inhibit a number of the cel- 
lular and chemical aspects of the inflammatory response, often produc- 
ing a dramatic decrease in the symptoms of inflammation. However, 
glucocorticoids cause many severe side effects including breakdown of 
collagenous tissues, hypertension, glucose intolerance, gastric ulcer, 
glaucoma and adrenocortical suppression. Tissue breakdown (catabo- 
lism) can cause severe muscle wasting and osteoporosis, especially in 
older people who may already be somewhat debilitated. 

PSYCHOTROPIC MEDICATIONS 

Antianxiety drugs 
Treatment of anxiety has traditionally consisted of benzodiazepines, 
including diazepam and similar agents (Table 12.2) (Flint 2005). These 
drugs work by increasing the inhibitory effects of 3-aminobutyric 
acid (GABA), an endogenous neurotransmitter, in areas of the brain 
that control mood and behavior. The primary side effect of benzodi- 
azepine agents is sedation. These drugs may also cause tolerance and 
physical dependence when used continually for prolonged periods 
(more than 6 weeks). Benzodiazepines also have extremely long meta- 
bolic half-lives in older adults, which means that it takes a very long 
time to metabolize and eliminate these drugs. As a result, benzodi- 
azepines can accumulate in older patients and reach toxic levels, 
shown by symptoms of confusion, slurred speech, dyspnea, incoor- 
dination and pronounced weakness. 

A newer type of non-benzodiazepine antianxiety medication has 
been developed, which is known as buspirone (Buspar) (Flint 2005). 
This agent, chemically classified as an azapirone, increases serotonin 
activity in the brain, thus decreasing symptoms of anxiety. Buspirone 
has been used increasingly in older adults because this agent does not 
appear to produce sedation or cause tolerance and physical depend- 
ence. However, it may take longer to exert its antianxiety effects, and 
may not be as effective in treating severe anxiety compared with the 
benzodiazepines. 

Finally, certain antidepressants such as paroxetine (Paxil) and ven- 
lafaxine (Effexor) may reduce anxiety even in people who are not 
depressed (Flint 2005). These drugs affect the function of amine neu- 
rotransmitters that are important for mood and behavior (see 
below), and they may provide an effective alternative for older 
adults who do not respond adequately to more traditional antianxi- 
ety agents. 

Antidepressants 
~~ . ~ 

Several different types and categories of antidepressant medication 
exist (see Table 12.2) (Alexopoulos 2005). These drugs all share 
the common goal of trying to increase activity at synapses in the 
brain that use amine neurotransmitters, including catecholamines 
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Table 12.2 Psychotropic medications

...._ - - _._._._-----------

"Selective serotcnin-reuptake inhibitors.
bAtypical antipsychotics.
MAO. monoamine oxidase.

NEUROLOGICAL DISORDERS

Antipsychotics
Psychosis seems to be caused by increased activity in certain
dopamine pathways of the brain (Masand 2004).As a result, antipsy
chotic medications block postsynaptic receptors in these pathways
to help normalize dopaminergic influence. Common antipsychotics
are listed in Table 12.2.These agents typically cause side effects such
as sedation, postural hypotension, anticholinergic effects and move
ment disorders including tardive dyskinesia, pseudoparkinsonism,
severe restlessness (akathisia) and various other dystonias and dyski
nesias. Tardive dyskinesia is characterized by oral-facial movements
such as extending the tongue, grinding the jaw, puffing the cheeks,
and various other fragmented movements of the neck, trunk and
extremities. This problem is often regarded as being the most serious
side effect of antipsychotic medications because symptoms of tardive
dyskinesia may take several months to disappear or may remain
indefinitely after the antipsychotic drug is discontinued. Some of the
newer antipsychotics are regarded as 'atypical' because they are as
effective as traditional agents but pose a lower risk of tardive dyski
nesia and other side effects and are better tolerated; hence, these
atypical antipsychotics may be used preferentially in older adults
(Masand 2(04). Nonetheless, therapists should be cognizant of any
aberrant movement patterns in patients taking antipsychotic med
ications, especially symptoms of tardive dyskinesia.

tend to have fewer sedative, hypotensive and anticholinergic effects,
and these drugs may therefore be used preferentially in older adults.
Another primary concern about antidepressants is that there is typi
cally a 1- to 2-week time lag between initiation of drug treatment and
improvement of depression, and some patients may need up to 6
weeks before receiving the full benefit from these drugs. Depression
may actually worsen in some patients during this period, and thera
pists should be especially careful to note any increase in depressive
symptoms while waiting for these drugs to take effect.

Elavil, others
Sinequan, others
Tofranil, others
Pamelor, others
Marplan
Parnate
Wellbutrin
Celexa
Prozac
Ludiomil
Paxil
Zoloft

Thorazine
Clozaril
Haldol
Compazine, others
Risperdal
Mellaril

Xanax
Librium, others
Valium
Ativan
Buspar

Trade name

Amitriptyline
Doxepin
Imipramine
Nortriptyline
Isocarboxazid
Tranylcypromine
Buproprion
Citalopram
Huoxetine"
Maprotiline
Paroxetine"
Sertraline"

Ch lorpromazine
Clozapine"
Haloperidol
Proch lorperazine
Risperdone"
Thioridazine

Alprazolam
Chlordiazepoxide
Diazepam
Lorazepam
Buspirone

Common examples

Generic name

MAO inhibitors

Azapirones

Second-generation drugs

Antipsychotics

Antidepressants
Tricyclics

Antianxiety drugs
Benzodiazepines

Category

Parkinson's disease
(norepinephrine), 5-hydroxytryptamine (serotonin) and dopamine.
Although the details remain unclear, depression is thought to be
caused by a defect in the release of, or sensitivity to, these amine neu
rotransmitters in specific areas of the brain that control mood (i,e. the
limbic system). Most antidepressants are nonselective and cause
increased activity at synapses that use norepinephrine, serotonin
and dopamine. However, certain antidepressants are more selective
for serotonin pathways than other amine synapses. These drugs, also
known as selective serotonin-reuptake inhibitors (SSRIs), include
fluoxetine (Prozac), sertraline (Zoloft) and paroxetine (Paxil). There
is still considerable debate whether SSRIs are more effective than
their nonselective counterparts, but these drugs may produce a more
acceptable side effect profile in older adults (see below).

The primary side effects of traditional (nonselective) antidepres
sants are sedation, postural hypotension and the results of decreased
acetylcholine function (anticholinergic effects), such as dry mouth,
urinary retention, constipation, tachycardia and confusion. These
side effects are often much more pronounced in older people because
of age-related declines in various physiological systems combined
with the fact that some of these drugs have much longer metabolic
half-lives in older adults. For example, the elimination half-life of
amitriptyline (a traditional nonselective antidepressant) is normally
around 16h in young individuals, whereas it may be twice as long
(31 h) in healthy older adults. More selective agents such as the SSRIs

The motor symptoms of Parkinson's disease (bradykinesia, rigidity,
resting tremor) are related to the loss of dopami-nergic neurons in
the basal ganglia (Nutt & Wooten 2(05). The primary method of drug
treatment is levodopa (t-dopa), which is the metabolic precursor to
dopamine. Although dopamine will not cross the blood-brain bar
rier, levodopa will enter brain tissues where it is subsequently con
verted to dopamine, thus helping to restore the influence of
dopamine in the basal ganglia. Levodopa is often administered with
carbidopa, a drug that prevents premature conversion of levodopa to
dopamine in the peripheral circulation. Combining levodopa with
carbidopa in preparations such as Sinemet allows levodopa to reach
the brain before undergoing conversion to dopamine.

Levodopa is associated with several side effects including gastroin
testinal irritation, hypotension and psychotic-like symptoms. Other
movement problems, including dyskinesias and dystonias, may also
occur, especially at higher dosages. However, the most devastating
problems are typically related to a decrease in long-term effective
ness; patients who respond well to levodopa initially, commonly
experience progressively diminishing benefits after 4-5 years of con
tinual use. This phenomenon is probably related to a progressive
increase in the severity of Parkinson's disease; that is, drug therapy
cannot adequately resolve the motor symptoms because of the
advanced degeneration of doparninergic neurons in the basal ganglia.
Helping patients and their families to deal with the physical as well
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Table 12.3 Neurological medications

Treatment of Parkinson's disease
Dopamine precursors Levodopa (Slnemet)"

Category

Anticholinergic drugs
COMT inhibitors
Dopamine agonists
MAOainhibitors

Antiselzure medications
Barbiturates
Benzodiazapines
Carboxylic acids
Hydantoins
Iminostilbenes
Succinimides
Second generation
antiseizure drugs

Examples

Benztropine (Cogentin), biperiden (Akineton)
Entacapone (Comtan), tolcapone (Tasmar)
Bromocriptine [Parlodel], pergolide (Permax)
Selegiline (Eldepryl)

Phenobarbital (Solfoton), mephobarbital (Mebaral)
Clonazepam (Klonopin), clorazepate (Tranxene)
Valproic acid (Depakene)
Phenytoin (Dilantin), ethotoin (Peganone)
Carbamazepine (Tegretol)
Ethosuximide (Zarontin), methsuximide (Celontin)
Lamotrigine (Lamictal), gabapentin (Neurontin),
tiagabine (Gabitril)

Rationale for usc

Are converted to dopamine in thebrain; help resolve dopamine
deficiency

Normalize acetylcholine imbalance caused bydopamine loss
Prevent levodopa breakdown in bloodstream
Directly stimulate dopamine receptors in brain
Decrease dopamine breakdown in brain

Increase inhibitory effects of GABA in brain
Increase inhibitory effects of GABA in brain
Mayincrease GABA concentrations in brain
Decrease sodium entryinto hyperexcitable neurons
Similar to hydantoins
Maydecrease calcium entry into hyperexcitable neurons
Various effects; generally eitherincrease effects of inhibitory

neurotransmitters (e.g. GABA) or decrease the effects of
excitatory neurotransmitters (e.g. glutamate, aspartate)

Treatment of Alzheimer's dementia
Cholinergic stimulants Donepezil (Ariceptl, galantamine (Reminyl), Increase acetylcholine influence in the brain

rivastigmine (Exelon), tacrine (Cognex)

COMT, catechol-Oenethvltransferase: GABA, ,-aminobutyric acid; MAOa, monoamine oxidase typeB.
"Sinemet is the tradename for levodopa combined with carbidopa.

as psychological impact of decreased levodopa effectiveness is one
of the more difficult tasks that therapists face.

Several other types of medications are used as supplemental drug
therapy in Parkinson's disease (Table 12.3). These agents are typi
cally used to supplementlevodopa therapy or they serve as the pri
mary agent when levodopa is poorly tolerated or no longer effective.
A common strategy is to combine several agents in low to moderate
doses to obtain optimal benefits while avoiding the excessive side
effects that would occur with large amounts of any single drug.

Seizures

Some of the medications commonly used to control seizure activity
are listed in Table 12.3. These agents act on the brain to selectively
reduce excitability in neurons that initiate seizures (Bergey 2004);
however, it is often difficult to reduce excitation in these neurons
without producing some degree of general inhibition throughout the
brain. This is especially true in the older patient who has had a pre
vious cerebral injury such as a cerebrovascularaccident or closed head
injury. As a result, older patients taking antiseizure medications are
especially prone to side effects such as sedation, fatigue, weakness,
incoordination, ataxia and visual disturbances (e.g. blurred vision
and diplopia) (Bergey 2004).Therapists should pay particular atten
tion to patients taking antiseizure medication because they are in a
position to help determine whether dosages are too high (as indi
cated by excessive side effects) or too low (as evidenced by an
increase in seizure activity).

Alzheimer's disease

Donepezil (Aricept), tacrine (Cognex) and several other medications
(see Table 12.3) were developed fairly recently to help improve

cognition and intellectual function in patients with Alzheimer's disease
(Potyk 2(05). These drugs are cholinergic stimulants; they decrease
acetylcholine breakdown at synapses in the brain, thereby helping to
maintain acetylcholine influence in areas of the brain that are undergo
ing the neuronal degeneration associated with Alzheimer's disease.
These drugs do not cure Alzheimer's disease, but preliminary evi
dence indicates that they may help patients retain more intellectual
and functional ability during the early stages of the disease. The pri
mary side effects associated with these drugs include loss of appetite
and gastrointestinal distress (diarrhea, nausea and vomiting).

CARDIOVASCULAR DRUGS

Antihypertensive medications
Several drug categories (Table12.4)are used to treat high blood pres
sure in older adults and reduce the chance of hypertensive-related
incidents such as stroke, myocardial infarction and kidney disease
(Dickerson & Gibson 2(05). Angiotensin-converting enzyme (ACE)
inhibitors prevent the formation of angiotensin II, which is a power
ful vasoconstrictor and stimulant of vascular smooth muscle growth.
Agents such as alpha blockers, beta blockers and other sympa
tholytic drugs decrease sympathetic nervous system stimulation of
the heart and vasculature, thereby decreasing myocardial contrac
tion force and peripheral vascular resistance. Calcium-channel
blockers reduce myocardial contractility and vascular smooth mus
cle contraction by limiting calcium entry into these tissues. Diuretics
increase sodium and water excretion, thereby decreasing blood pres
sure by reducing fluid volume in the vascular system. Certain direct
acting vasodilators (see Table 12.4) reduce vascular resistance by
inhibiting vascular smooth muscle contraction.
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Table 12.4 Cardiovascular medications

Treatment of congestive heart failure
Digitalis glycosides Digoxin (Lanoxin)

Category

Antihypertensive drugs
ACE inhibitors

Alpha blockers

Beta blockers

Calcium-channel
blockers

Diuretics

Vasodilators

Others

Examples

Captopril (Capoten), enalapril (Vasotec)

Doxazosin (Cardura), prazosin (Minipress)

Metoprolol (Lopressor), nadolol (Corgard),
propranolol (Inderal)

Diltiazem (Cardizem), nifedipine (Procardia,
others), verapamil (Calan, others)

Chlorothiazide (Diuril), furosemide (Lasix),
spironolactone (Aldactone)

Hydralazine (Apresoline), minoxidil (Loniten)

Diuretics, ACE inhibitors, beta blockers,
vasodilators

Rationale for use

Decreases angiotensin II synthesis; promotes vasodilation and
increases vascular compliance

Promotes vasodilation bydecreasing sympathetic stimulation of
vasculature

Decreases myocardial contractilitybydecreasing sympathetic
stimulation of the heart

Promotes vasodilation and decreased myocardial contractilityby
limiting calcium entryinto vasculature and heart

Decreases intravascular fluid volume; reduce workload on heart

Promotes vasodilation by inhibitingcontraction of vascular
smooth muscle

Increases myocardial contractilityby increasing calcium entry
into heartmuscle

See above

---- -------------------------------------------
Treatment of hyperlipidemia

Statins Atorvastatin (Lipitor), fluvastatin (Lescol),
lovastatin (Mevachor), pravastatin
[Pravachol], simvastatin (Zocor),

Fibric acids Clofibrate (Abitrate, Atromid), gemfibrozil (Lopid)

Others

LDL, low-density lipoprotein.

Cholestyramine (Questran), niacin (Nicotinex,
others), probuchol ILorelco)

Decreases total cholesterol, LDL-cholesterol, and triglyceride levels

Primarily decreases triglyceride levels; may also decrease LDL
breakdown

Decreases total cholesterol

Elderly people with hypertension are treated routinely with
diuretic agents because these drugs are fairly safe and well tolerated.
ACE inhibitors have also been used increasingly in older patients
because these agents reduce blood pressure and prevent adverse
structural changes in the heart and vasculature. In contrast, sympa
tholytics and vasodilators tend to produce a variety of unfavorable
side effects in older patients so these drugs are typically used only in
severe cases. Calcium-ehannel blockers can also be used to treat
hypertension in older adults, but the short-acting forms of these
drugs should be avoided because they may decrease blood pressure
too rapidly and increase the risk of myocardial infarction in certain
patients. Hence, sustained- or continuous-release versions of the
calcium-ehannel blockers should be used preferentially in older
patients with hypertension.

Antihypertensive drugs produce various side effects, depending
on the specific agent; however, it is important that therapists are
aware that hypotension and postural hypotension are always possi
ble whenever blood pressure is reduced pharmacologically. Blood
pressure may fall by more than 1Q-20mmHg, especially when an
older patient sits or stands up suddenly. Likewise, physical therapy
interventions that cause extensive peripheral vasodilation (e.g.
warm water in the Hubbard tank or therapeutic pool) must be used
very cautiously because these interventions add to the hypotensive
drug effects and produce dangerously low blood pressure in older
adults. Finally, some antihypertensive agents, for example beta
blockers, blunt the cardiac response to exercise and this effect may
limit physical work capacity during activities that require high car
diac output, such as climbing stairs and exercise training.

Treatment of congestive heart failure
-------

Congestive heart failure (CHF) occurs commonly in older adults and is
characterized by a progressive decline in myocardial pumping ability
(Rich 2005). The primary medications used to treat CHF are the digi
talis glycosides such as digoxin (see Table 12.4).These agents increase
calcium entry into myocardial tissues, thereby increasing contractile
force. Digitalis drugs often produce temporary hemodynamic
improvements that decrease the symptoms of CHF, but these agents
do not alter the progression of the disease or decrease the rather high
morbidity and mortality rates associated with heart failure. These
agents have a small safety margin and can accumulate rapidly in the
bloodstream causing toxicity in older patients. Digitalis toxicity is
associated with symptoms such as gastrointestinal distress, confu
sion, blurred vision and cardiac arrhythmias. Therapists should be
alert for these symptoms because digitalis-induced arrhythmias can
be quite severe or fatal.

Because of the problems related to digitalis, other medications
have been used alone or with digitalis drugs to help treat patients
with CHF. Diuretics and vasodilators have been used to decrease the
workload on the failing heart by reducing fluid volume or decreas
ing vascular resistance respectively. More recently, ACE inhibitors
have been recognized as being very beneficial in patients with CHF.
These agents decrease angiotensin II-mediated vasoconstriction and
vascular hypertrophy so that cardiac workload is reduced. Unlike
digitalis drugs, ACE inhibitors appear to improve the prognosis of
patients with heart failure and decrease the morbidity and mortality
associated with CHF.ACE inhibitors are tolerated fairly well by older
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adults and have relatively minor side effects such as a mild allergic
reaction (skin rash) or a dry persistent cough. As a result, ACE
inhibitors continue to gain acceptance as a primary treatment of
CHF in the elderly.

Treatment of hyperlipidemia
--=--=----'------~---------

Several drugs have been introduced to the market to help improve
plasma lipid profile and reduce the adverse effects of atherosclerosis
on the cardiovascular system (Eimer & Stone 2004).The primary cat
egory of lipid-lowering drugs is the statins (see Table 12.4). Statin
drugs inhibit an enzyme known as 3-hydroxy-3-methylglutaryl
coenzyme A (HMG-CoA) that is responsible for synthesizing choles
terol in the body. This reduces endogenous cholesterol biosynthesis
and also facilitates a number of other beneficial effects on plasma
lipids (reduced low-density lipoproteins, reduced triglycerides). A
second category of antihyperlipidemia agents is the fibric acids.
Although the exact mechanism of their action is not known, fibric
acids can reduce triglyceride levels and increase low-density
lipoprotein breakdown. An eclectic group of other agents (e.g. niacin,
probuchol) are also available, and these agents work in various ways
to treat hyperlipidemia.

Drugs used to treat hyperlipidemia produce various side effects
including gastrointestinal disturbances (nausea, cramping, diarrhea).
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In rare cases, statins can also produce muscular pain, weakness and
inflammation. This so-called 'statin-induced myopathy' can be quite
severe in some people and even lead to breakdown of skeletal muscle
tissues (rhabdomyolysis). Therefore, if muscle pain occurs spon
taneously in older adults or any individual taking lipid-lowering
drugs, clinicians should refer the patient back to the physician imme
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INTRODUCTION

Of all people who have ever lived to 65, over half are alive today.
This striking statement has significant implications for the ongoing
care of the elderly. Until now, little research has been conducted to
evaluate the specific differences seen in the laboratory assessment of
the older individual.

The Human Genome Project has finally been completed and the
genetic basis of many biological functions has been identified; how
ever, there is still much to learn about the biology of aging. It is
known that cells and tissues have finite lifespans, and that growth
and replication slows with age. However, it seems that many meta
bolic and biological functions remain constant over the lifetime of
humans. Extrapolating these data from tissue to human is somewhat
risky but it is accurate to do so in that aging itself is not marked by
predictable biochemical changes. As people age they become more
dissimilar, belying any stereotype of aging. Abrupt declines in system
functions or marked changes in laboratory values should be attrib
uted to the effects of disease, not normal aging. Finally, in the absence
of disease or modifiable risk factors, the concept of healthy old age is
absolutely valid. This chapter will review the laboratory differences
between the well young adult and the well older individual and iden
tify the known variations that occur in the absence of disease.

AGE-RELATED CONSIDERATIONS

Certain basic tenets apply when evaluating the elderly patient. In the
process of aging, there is a decline in metabolic reserves in most organ
systems, particularly in the cardiovascular, central nervous, gastroin
testinal, hematopoietic and endocrine systems. Disease states will
affect these vulnerable systems and become evident through labora
tory value changes more rapidly than in younger adults. The fragile
renal and hepatic systems of older adults are more susceptible to the
effects of pharmacological agents and less tolerant of their side effects.

Normal laboratory values are derived from analyses of what are
considered to be disease-free healthy populations (Huber et al2006).
Normal ranges are based on plus or minus two standard deviations
from the mean value. Thepopulations analyzed are heterogeneous for
age and assume that aging individuals are the same as young adults. In
many cases this may be true, but adequate reference ranges for labora
tory testing in the elderly are generally lacking (Brigden & Heathcote
2(00). Specific differences may be caused by the loss of certain biologi
cal reserves in those over 75, ironically the fastest growing segment of
the elderly population. There are some predictable changes in labora
tory values that occur with age which can be attributed to the normal
aging process and not to disease states. Although there is significant
variation from one individual to the next, these changes begin in the
fourth decade of life and continue in a linear fashion into old age. With
these exceptions, it is important to understand that most laboratory
values in the elderly are similar to those of the healthy young.

In blood chemistry, the level of serum alkaline phosphatase, an
enzyme found in bone and liver, increases with age. In men, it increases
by up to 20%between the ages of 40 and BO. In women, slightly greater
(0-37%) increases are seen. Serum albumin, traditionally a marker of
nutrition, decreases slightly with age, despite adequate nutrition.
Levels of serum prealbumin, a marker of current nutrition, should
be equivalent to those of healthy young individuals (1~35mg/dL)

(Beck & Rosenthal 2002). In healthy individuals, serum magnesium
decreases by about 15% between the ages of 30 and BO. Uric acid, a
metabolic product of purine metabolism, increases slightly in normal
aging individuals without disease. Other chemistries, such as serum
electrolytes, serum bilirubin, liver enzymes and total proteins, remain
unchanged with age (Feld & Schwabbauer 2(00).

Lipid values also change with aging. In both women and men, total
cholesterol levels increase by 3O-4Omg/dL from 30 to BO years of age.
High-density lipoprotein (HOL), which is thought to be protective
against atherosclerosis, increases by approximately 30% in men, but
falls by up to 30% in women after menopause. This is attributed to the
fact that, during the reproductive years, women have significantly
higher levels of HOL than men because of the positive effect of estro
gen on lipid production in the liver. Triglycerides, or blood fats,
increase by 30-50% in both men and women from age 30 to BO. Serum
levels of low-density lipoprotein (LOL), cholesterol molecules associ
ated with accelerated atherosclerosis, are unchanged by age (McKnight
2002).

Fasting blood glucose levels increase by 2 mg/dL for each decade
over the age of 30. Glucose metabolism, as measured by postprandial
glucose levels, increases by up to 10mg/dL for each decade over the
age of 30. The risk of developing diabetes mellitus in individuals with
insulin resistance caused by either genetic predilection or obesity
increases with age.
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Table 13.1 Selected normal laboratory values

INDICATIONS FOR LABORATORY ASSESSMENT

medications. It is important to consider nutritional status when car
ing for the elderly to maximize the potential for rehabilitation.

When is laboratory assessment necessary? Routine laboratory testing
should be determined by a patient's presentation, history and current
use of medication. For example, a patient who must use diuretics
requires a regular assessment of serum electrolytes, especially serum
potassium. Simple alterations in diet, such as increased sodium levels,
may cause potassium wasting in the elderly kidney and precipitate
hypokalemia, a cause of muscle weakness. A patient on anticholes
terol medication such as the 3-hydroxy-3-methylglutaryl coenzyme A
(HMG-CoA) reductase inhibitors requires regular assessment of liver
functions, whereas a patient receiving ticlopidine (Ticlid), a platelet
inhibitor used in patients with transient ischemic attacks and stroke,
requires a regular blood count.

Laboratory assessment is especially important in the evaluation of
a patient who presents with new physical findings. The workup for
dementia and delirium is particularly vital. Neurosyphilis, vitamin
B12 and folic acid deficiencies, and acute infection can be detected by
laboratory assessment and are precipitants of acute delirium and
dementia. Radiological findings and other physical diagnostic tests
such as lumbar puncture can quickly identify reversible causes for a
patient's neurological changes.

Lethargy and altered levels of consciousness may also be present
ing symptoms in a patient with abnormal laboratory values.
Hypoglycemia, hyponatremia, acidosis, hypoxia and hypocalcemia
are direct causes of central nervous system depression and can be
identified through commonly used laboratory tests. Neuromuscular
irritability, tetany and muscle spasms may present in severe cases of
hypocalcemia.

A patient who presents with peripheral, sensory or motor deficits
may be suffering from a disease that is identifiable by analysis of
blood chemistries. Peripheral neuropathies are caused by diabetes
mellitus (hyperglycemia), heavy metal ingestion and medication
toxicities, and biochemical assessment can identify these problems.

6.0-8.0 g/dL
3.5-5.5g/dL
2.0-3.5 g/dL

8.6-10.0 mg/dL
240mg/dL
0.8-1.5mg/dL
0.8-2.3 mg/dL
80-110mg/dL
80-110 mg/dL

23-31 mEq/L
98-107mEq/L
3.5-5.1 mEq/L
136-145mEq/L

Normal values

Protein
Total
Albumin
Globulin

Metabolic indicators
Calcium
Cholesterol
Creatinine
Free thyroxine(ToJ
Glucose, fasting
Glucose, 2h postprandial

Serum electrolytes
Carbon dioxide
Chloride
Potassium
Sodium

Thyroid function is measured by serwn triiodothyronine (T3) and
thyroxine (T.)levels as well as levels of the pituitary hormone thyroid
stimulating hormone (TSH). Both TSH and T3 levels may decrease
slightly with age; a marked or progressive development of abnormal
values indicates a disease state in the elderly. Serum T.levels remain
unchanged in healthy elderly individuals.

Levelsof serum creatinine do not change with age but less creatinine
is produced and serum creatinine clearance, a measurement of renal
function, declines by approximately 10mL/min/1.73m2 for each
decade over the age of 40. This phenomenon is explained by an age
related reduction in muscle mass in older individuals and by a decrease
in protein by-products like creatinine being delivered to the kidney.
Creatinineclearancecan be calculatedusing a simple formula including
thepatient's serum creatininevalue, gender, weight and age. Therefore,
a normal serwn creatinine level does not necessarily indicate normal
renal function. Like creatinine, many drugs require renal clearance
during metabolism; the age-related decline in renal function therefore
necessitates adjustments in the dosing of these drugs. If too large a
dose of medication is delivered to an even minimally impaired kidney,
incomplete clearance occurs leaving potentially toxic metabolites in
the kidney tissue (parenchyma). This can build up and further dam
age the kidney in a process called interstitial nephritis. This can be
reversed with immediate withdrawal of the drug but, occasionally,
permanent impairment can occur. The most common drugs respon
sible for this phenomenon are nonsteroidal antiinflammatory agents
and antibiotics (Mantha 2005).

Hematological assessment of the elderly is achieved by white
blood cell, hemoglobin, hematocrit, platelet and red blood cell
counts. White blood cell counts may decrease slightly in the healthy
older individual, whereas it is thought that hemoglobin, hematocrit
and platelet counts should remain constant with aging. However,
anemia is quite common in the elderly. It can be associated with many
chronic diseases of aging such as arthritis, diabetes, renal impairment
and bone marrow suppression by drugs and environmental chemicals.
The World Health Organization has established norms of 13g/dL or
more for men and 12g/dL for women for hemoglobin levels. In the
elderly, some experts accept slightly lower values as normal (11.5 g/dL
in men and llg/dL in women); if they remain constant, these values
should not trigger extensive investigations.

Serum vitamin B12levels may decrease with age (Park & Johnson
2006). Normal values in young adults are >190pg/mL; levels of
>150pg/mL are acceptable in older adults in the absence of macro
cytic changes to the red blood cells. Levels of vitamins C, E, D and B6
also show a slight age-related decrease.

The erythrocyte sedimentation rate (ESR) increases with age by
approximately 22mm/h from a norm of 2D-25mm/h to acceptable
rates of up to 4Omm/h (in men) and 45mm/h (in women) in the eld
erly. Levelsgreater than these are indicative of inflammatory or neo
plastic conditions, which commonly occur in the geriatric population.
Isolated increases in ESRare associated with increases in all causes of
mortality. Bydefinition, those with elevated ESRs have a higher death
rate than age-matched individuals, regardless of the cause of death.
Increases in ESRmandate workup for disease states. Normal values
for serum C-reactive protein (CRP),another measurement of overall
inflammation, remain unchanged, regardless of age.

The assessment of nutritional status has been studied extensively. In
normal healthy ambulatory elderly individuals, serum protein and
albumin levels are relatively unchanged with age. Nutritional status
is assessed by the measurement of serum prealbumin and albumin
levels, and indirectly by the numbers of white blood cells known as
lymphocytes. Nutritional deficiencies, however, are common in the
elderly and are caused by a multitude of factors including poor intake,
a reduction in the acuity of taste, loss of appetite, depression, malab
sorption from intestinal surgery or disease, and interactions with



Box 13.1 Effect of Iglng on liboratory values

Deteriorating renal function as indicated by an elevation in the lev
els of serum creatinine and blood urea nitrogen may place the patient
at a greater risk of medication toxicity. Frequent assessment of drug
serum levels and adjustment of doses is the hallmark of safe contin
ued usage in the face of renal insufficiency. Abnormalities in thyroid
hormone levels may present differently in the elderly than in younger
adults. Cardiac arrhythmias and weight loss may be the presenting
symptoms of hyperthyroidism in the elderly, whereas hypothy
roidism may present more insidiously, with the typical symptoms of
myxedema occurring less frequently. Alterations in mental status,
lethargy, weight gain and thought disorders may be caused by
hypothyroidism in the elderly.

Table 13.1 indicates the normal values of routinely used laboratory
assessments and Box 13.1 shows the possible age-related effects on
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INTRODUCTION

This chapter will review the current position of medical imaging, the
general principles of imaging and the way it can be usedto solve clin
ical questions.

With the discovery of X-rays by Wilhelm Conrad Roentgen in
1895, the age of medical imaging was born. With the advent of the
technological age, new discoveries have added other modalities, pro
viding unique information regarding anatomy, pathology and the
function of living organs. The relatively low cost and power of mod
em computers has allowed very large image data sets to be gener
ated quickly. New software allows multiple display formats including
three-dimensional, multiplanar, real-time, fused and functional images.
This has enabled imaging to remain a relevant and essential part of
modem clinical decision-making, resulting in increased efficiencies
and better outcomes. The digital nature of modem images allows the
efficient storage and dissemination of information to the referring
physician and radiologist via local networks and the internet.

BASIC PRINCIPLES

All medical imaging has the same basic requirements. The first is an
energy source which interacts benignly with biological tissue and is
capable of representing the structure and/or function of this tissue.
The second is an ability to capture and store the energy or data that
result from this interaction and display them as an image. As an
example, let us look at the photograph. The energy source, light, is
reflected from the subject and captured on photographic film or digi
tally to produce an image, the photograph (Fig. 14.1).

Figure 14.1 Basic principles of imaging. Light is reflected from the
subject and the energy (light) enters thecamera where it iscaptured
bythephotographic film to produce an image - thephotograph.

IMAGING MODALITIES

X-rays
X-rays, like light, are part of the electromagnetic spectrum but have a
higher energy and shorter wavelength, which allows them to pass
into and through the human body (Fig. 14.2). Different tissue types
absorb different amounts of the X-ray beam; bone, a very dense tis
sue, absorbs most of the beam whereas lungs, consisting mainly of
air, do not. As a result, varying amounts of X-rays exit the body,
reflecting the different tissue types that the X-ray beam has passed
through. As Roentgen discovered, the X-rays will stimulate a fluores
cent screen to produce light, which can be captured on specialized
photographic film to produce an image of the body part. This is
referred to as a radiograph or X-ray. Obtaining a good radiograph has
many similarities to obtaining a good photograph. For example, if the
subject moves, the photographic image will be blurred; if not enough
light is available, the image will be dark. Similarly, if the radiograph
is not exposed correctly/ the image will be limited. This is particularly
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Chest stand

Figure 14.2 X-rays are produced by the X-ray tube. X-rays have
a higher energy than light and pass through the patient; they are
captured by the X-rayfilm contained within the chest stand. The
X-rays are absorbed to a different degree by different tissues as
explained in the text.The end result is a chest radiograph asseen
in Fig. 14.3A. Notethe X-rays enter the patient posteriorly and exit
anteriorly. This orientation produces the best image and isa posterior
to anteriorradiograph, better known asPAr chest x-ray (CXR).

Figure 14.3 Normal chest images. (A) Chest radiograph. The radiograph provides a quickand inexpensive overall viewof the chest. The
air-containing lungs areblack because of little attenuation of the X-ray beam. The central pulmonary arteries and heartarewell defined by
the surrounding lung. However, the chest wall soft tissue structures arepoorly seen because of similarattenuationof the beam, i.e. lackof
contrast. The denser bones, e.g. clavicles andribs. are white.The heartoverlies andobscures the thoracic spine in this view. (BandC) Axial CT
chest. In (B) the viewing settings are optimized (l.e, windowand level) to show the soft tissues to bestaffect. AA, ascending thoracic aorta; DAr
descending thoracic aorta; RPA, right pulmonary artery. (C) Same patient and same level. However, by changing the viewing settings the lungs
are now seen in exquisite detail. Notethe improved anatomical depiction and improved tissue contrast in the CT images. CT solves the problem
of overlapping structures obscuring the anatomy. The mediastinal and chest wall structures arenow well seen.
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Figu re 14.4 CT scanner. (A) The table on which the patient liesand the gantry through which the patient passes during a CT scan. (8) The
position of the X-ray tube and detectors within the gantry. The X-ray tube and detectors rotate around the patient.The X-rays pass through
the patient and arecollected by the detectors which lie opposite. An electrical signal is produced by the detectors, which is fed into a
computer to construct a cross-sectional image.

a problem with large patients. These issues are the same for all imag
ing studies.

Radiographs are relatively inexpensive, quick to perform and
widely available. As a result, they continue to make up the bulk of
imaging studies. Similar to the camera, radiographic images have
moved away from film and are now mainly of digital format.

Image quality depends on the ability to discriminate between two
adjacent objects, also called spatial resolution; with X-rays, this is
very good. However, the ability to see a structure also depends on
the difference in the attenuation of the X-ray beam between different
tissues, i.e, tissue contrast. For example, bone, which attenuates most
of the beam, is well outlined against adjacent soft tissue such as mus
cle, which does not attenuate the beam as much. Similarly, the lung
parenchyma and cardiac silhouette is differentiated well from the
surrounding air (Fig. 14.3A). However, differentiating soft tissue is a
problem because of a similar attenuation of the beam; this means
that the tissues all have a similar gray appearance, i.e, little or no
contrast (Fig. 14.3A). This can be overcome to some extent by using
contrast agents. Oral contrast with a barium solution, e.g. a barium
enema, is used for evaluating the gastrointestinal tract. Intravenous
and intra-arterial iodinated contrast agents for evaluating blood ves
sels and organs are used in arteriography and intravenous urograms.

Fluoroscopy uses continuous X-rays (in reduced doses) to allow
real-time images. A device known as an image intensifier allows you
to view the images on a TV screen. Although the radiation dose used
to produce a particular image is much reduced compared with a stan
dard radiograph, care must be taken not to prolong the procedure
and cause unwanted exposure of the patient to high doses. Types of
procedures using this technique include barium studies, arterio
grams and internal fixation of fractures in the operating room.

Standard X-ray images produce a two-dimensional display of a
three-dimensional structure; this means that there is an overlap of
structures resulting in part of the anatomy being hidden. For exam
ple, on a frontal chest radiograph, the overlying heart obscures the
spine (compare the chest radiograph in Fig. 14.3A with the chest CT
in Fig. 14.38 and C). This can be alleviated somewhat by obtaining
additional views such as a lateral view. However, the problem of
overlapping structures has been overcome following the introduc
tion of computerized axial tomography (CAT or CT scan) in the
1970s, made possible with the advent of the computer and the ability
to capture and store data digitally.

Computed tomography
A CT scan also utilizes X-rays to produce images but, instead of being
stationary, the X-ray tube rotates around the patient (Fig. 14.4).
Specialized detectors collect the emerging X-rays and produce an elec
trical signal that is fed into a computer; this information is then used
to construct a cross-sectional image (Fig. 14.38). The initial CT tech
nique took several hours to acquire the data and several days for the
computer to reconstruct the images. Modem scanners are very fast
and can image the entire abdomen and pelvis in seconds. Multislice
CT scanners are now replacing single-slice technology and, as the
name indicates, multiple slices can be produced per rotation of the
X-ray tube. This hasthe advantage.of covering more territory and short
ening scan times. This technology can produce very thin axial slices
allowing the production of isotropic data sets, i.e. it has the ability to
acquire a volume of data that can be viewed in any plane without dis
torting the image. Until this innovation, CT scans were generally lim
ited to an axial display; now, images can routinely be displayed in any
plane giving multiplanar (MPR) and three-dimensional reconstruction
capabilities. This allows more information to be gleaned from the study
and improves diagnostic accuracy (Figs 14.5 and 14.6), particularly
with complicated pathology such as complex fractures (see Fig. 14.7).

CT scanning is used to image all parts of the body. The speed of the
examination makes this a particularly attractive investigation for older
patients who may find it difficult to lie still for long periods of time. It
also makes it the preferred method for examining very sick and injured
patients when time is of theessence (Figs 14.5 and 14.6).The relatively
large size of the gantry (the part of the machine that the patient passes
through) has almost eliminated the problem of claustrophobia (Fig.
14.4). As with standard X-rays, CT scanning shows superb lung and
bone detail (Figs 14.3Cand 14.7). Fluids such as ascites and cystic struc
tures are well defined, as are calcifications and acute and subacute
hemorrhage (see Fig. 14.12A-e). Fat, particularly in the abdomen, is a
natural contrast agent and is useful in defining adjacent organs and
inflammation (Fig. 14.6);however, CT still requires additional contrast
agents to improve visualization. Oral contrast, usually in the form of
dilute barium, aids visualization of the bowel (Fig. 14.6), and intra
venous contrast is used to optimize the evaluation of veins and arteries
and the vascularity of organs. The addition of intravenous contrast
material also allows further uses of CT, for example pulmonary
embolism is now routinely evaluated by this method (see Fig. 14.5).
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Fiqure 14.5 Acute chest pain. CT is nowbeing used increasingly
for evaluating acute chest pain. Here is anexample of anacute
pulmonary embolus. This 72-year-old male presented with bilateral
leg pain and swelling, chest pain and shortness of breath. The lower
limb ultrasound (notshown) demonstrated bilateral deep vein
thrombosis. The CT (above) was obtained following intravenous
contrast. Note that the contrast in the right pulmonary artery
shows anabrupt cut-off, and low attenuating gray material
(representing theembolus) isseen in the proximal right lowerlobe
pulmonary artery (right arrow). Compare with normal chest CT in
Fig. 14.3. This represents a large pulmonary embolus. A smaller
embolus isseen on the left side (left arrow). CT plays a majorrole in
evaluating chest disease. The scan takes a few seconds, making it an
ideal modality for emergency situations such as this.

The speed of the new multislice scanners even allows thebeating heart
and coronary arteries to be evaluated. The ability of cr to demonstrate
arteries is now as good as the more invasive procedure of diagnostic
arteriography and, in complex anatomical situations, may be better. As
a result, many arterial lesions, such as aneurysm, dissection and steno
sis, are diagnosed and evaluated with cr (Fig. 14.8), and the more
invasive diagnostic arteriogram is now mainly used for therapy (e.g.
treatment of a narrowed artery and aortic aneurysm with specially
designed stents, which can be placed percutaneously via adjacent non
diseased vessels).

Ultrasound
Ultrasound has been used since the 19505 to produce medical images
using sound waves. The frequency of the wave used to produce the
images is in the range of 1-20MHz. It is called ultrasound because this
frequency is above the human audible range of 2-20 kHz. The probe or
transducer used during the examination is responsible for both pro
ducing the sound and collecting the sound waves reflected from the
patients' organs and tissues. The received sound is converted to an
electrical signal and, from this, an image is developed by a computer
and displayed in real time on a TV monitor. In addition, by using the
Doppler effect, the returning sound waves can be used to evaluate
blood flow. It is excellent for imaging soft tissues and has a long list of
uses, including imaging of the major abdominal and pelvic organs.
Superficial structures are particularly well seen, for example, the thy
roid, superficial tendons, muscles, veins and arteries (see Fig. 14.14C
and Fig.14.15E and F).

Figure 14.6 Abdominal pain. This can bedifficult to evaluate on
clinical grounds alone in the elderly asillustrated in this case of
diverticulitis and diverticular abscess. This is a CT scan of the pelvis
of a 70-year-old woman with minimal abdominal pain. Acute
intra-abdominal processes can bea diagnostic dilemma in the
elderly as symptoms and signs may beminimal or absent as in this
case; CT isvery helpful in this situation. The CT demonstrates
diverticular disease involving the barium-filled sigmoid colon (large
arrow). The arrow heads show the trackof the perforation leading to
the abscess in the pelvis (Ab). The rectum is seen to the right and
posterior to the abscess (small arrow). The abscess was drained
surgically along with resection of the sigmoid colon. Note howthe
intra-abdominal and subcutaneous fat acts as a natural contrast,
allowing separation and good delineation of adjacent soft tissues;
this is one of the few advantages of being overweight.

The combination of real-time, multiplanar and vascular imaging
makes ultrasound an excellent tool for imaging the heart. The lack of
ionizing radiation and substantiated adverse effects have made it a
popular imaging technique in all age groups. The relatively inexpen
sive equipment costs and portability have added to this. It is an
excellent tool for guiding percutaneous needle biopsies, especially
superficially located lesions such as breast masses. There are some
negative aspects of ultrasound. Unlike all other imaging methods, it
relies heavily on the expertise of the sonographer/ sonologist to pro
duce diagnostic images. Sound is reflected by bone and air, limiting
evaluation of the chest; abdominal organs, which may be hidden by
overlying gas-filled loops of bowel; and the brain, which is sur
rounded by the protective cranium.

Magnetic resonance imaging
The phenomenon of magnetic resonance was discovered in the 1930s
and initially used to determine the composition of chemical com
pounds. In the 1970s, it was realized that the same techniques could
be used in medical imaging and, by the 1980s, magnetic resonance
imaging (MRI) units were in clinical use. Magnetic resonance uses
radio waves and a strong magnetic field to produce the image; as
with ultrasound, it does not use ionizing radiation. The technique
relies on the fact that some atomic nuclei have magnetic properties
that act like microscopic magnets when placed in a strong magnetic
field. The human body has an abundance of these in the form of the
hydrogen ion that makes up water. These align with the direction of
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Figure 14.7 Severe burst fracture with dislocation at l2. CT with multiplanar(MPR) reconstruction vividlydemonstrates the components
of this complex fracture, which resulted following a motorvehicle accident. (A) The sagittal MPR shows posterior displacement of the body of
L2. There isa large, central, superior retro-pulsed fragment. Ananteriorand superior fragment has been avulsed. (B) The axial image at the
level of the retro-pulsed fragment (*)demonstrates severe narrowing of the spinal canal. The vertebral body has been driven between the
pedicles with fractures at thejunction of the vertebral body and pedicles. (e)Justcaudal to (B) shows the avulsed anterior fragments (arrow
head) and fractures through both transverse processes (arrows). (D) There is widening of the interpedicle distance and a sagittal fracture
through the lamina best seen on this coronal MPR. The fracture is unstable with disruption of all threecolumns. The patient had a significant
neurological deficit and was treated with spinal decompression and instrument fixation.
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figure 14.8 Non-lnvasive vascular imaging. Examples of noninvasive imaging of the carotid arterles and intracranial arteries using CT (CTA)
and MR (MRA). (A) CTA following intravenous contrast shows a sagital MPR image of the common carotid artery(CCA; lowerarrow) and the
cervical portion of the internal carotid artery (ICA; upper arrow) and external carotid artery (ECA; middle arrow). (B) 20 time of flight MR image
of thecervical carotid artery and its branches. This sequence does not use intravenous contrast. (C) 3D MRA following intravenous gadolinium
allows a larger area to beevaluated. Here the aorticarch (Arch) and the three greatvessels and bothcarotid arteries are seen. The cervical and
intracranial (upper arrows) portions of both ICAs are seen. Notethe narrowing at the right CCA bifurcation. (D) 3Dtime of flight MRA showing
the intracranial vessels and central circle of Willis. Ant cereb, anteriorcerebral arteries; b,basilar artery; LT MCA. left middle cerebral artery; RT
ICA, right internal carotid artery. Atherosclerosis isa common problem in the elderly and can cause severe narrowing of the carotid artery
particularly at theCCA bifurcation. This is a common cause of stroke and isa treatable condition. In the past this was diagnosed with
angiography, an invasive procedure. The cervical portions of the carotid arteries are usually evaluated with ultrasound first. However both CT
and MR allowevaluation of the whole carotid system including the aorticarch and intracranial vessels. Noninvasive imaging of othervessels in
thebody is nowroutine, and the individual circumstances will determine which of the three modalities is used.



Figure 14.9 Examples of MRI machines. (Al This patient is getting ready for a head scan
in this closed, high field strength MRI scanner. The cage around the head contains the
radiofrequency (RF) coils. Note that the bore of the magnet is fairly long and not that wide.
This can be a problem for large patients and patients whosufferfrom claustrophobia. Elderly
patients may become disorientated in this enclosure. (B) Example of an open MR scanner.
These scanners may not be capable of all the imaging sequences and can take longer to
acquire the images but image quality is good and theyare usually well tolerated by patients
whosuffer from claustrophobia. The large belt around the patients abdomen is an RF coil.
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Fig ure 14.10 Normal MRI and cr brain. (A) T1-weighted spin echo (SE) image (T1 WI) and (8)T2-weighted turbospin echo (TSE) image (T2WI).
IC) CT optimized for viewing soft tissues. (D) Same CT optimized for viewing bone. All obtained without intravenous contrast and taken through the
level of the lateral (L) and third (3) ventricle. The T1 and T2 images are the basic sequences used in MRI, but there are several othersequences that
are used which display certain pathologies to greater effect. CT. however, has onlyone sequence but byaltering the level of attenuated tissues
displayed thebony skull isseen to better effect. This isdemonstrated in (D), which shows thesame CT scan with theview settings (level and
window) optimized to demonstrate bone. Note the improved tissue contrast with MR allowing improved definition of the gray matter in the
cerebral cortex (arrow) versus thewhitematter in the adjacent left frontal lobel'), CSF in the third, lateral ventricles and sulci on theT2WI isbright
and dark ontheT1 WI and CT. Note theskull isbrighton CT. indicating increased attenuation of theX-raybeam. Calcium in the pineal gland isalso
bright (image C). The brightarea surrounding the brain on thetwo MRI images, however, issubcutaneous fat in thescalp. Cortical bone does not
produce a signal and thesignal void (black area) between thescalp and the brain is the skull (5). G, genu and Sp, spenium of the corpus callosum;
C, head of the caudate nucleus; L, lentiform nucleus; T, thalamus; arrow heads, internal capsule.



the bore of the magnet when the patient lies in the MRI machine (Fig.
14.9). If these nuclei are stimulated by a radio wave at a specific fre
quency, known as the resonant frequency, they gain energy and move
into a transverse plane, perpendicular to the main magnetic field.
This results in a radio wave being emitted by the rotated nuclei,
which allows their position to be recognized. The radio waves are
emitted and received by a device called a radio frequency (RF) coil,
analogous to the ultrasound transducer that transmits and receives
the sound waves. The coils are placed close to the patient. The head
coil, used to image the brain, looks like a cylindrical cage that sur
rounds the patient's head (Fig. 14.9A). As with ultrasound, the
received signal, in this case radio waves, creates an electrical signal,
which is fed into a computer to produce an image (Fig. 14.10Aand B).

The high tissue contrast (i.e. the difference in signal between tissue
types) afforded by magnetic resonance is responsible for the excellent
depiction of soft tissue anatomy. There are two main types of pulse
sequences used in MRI, which produce images of the same area but
with a different contrast; these are known as Tl- and 1'2-weighted
images. This is achieved by varying the time when the RF pulse is
emitted and when the returning RFwave is received. Fluid gives a low
signal on T1 images and a bright signal on 1'2 images, whereas fat
gives a high signal on Tl and 1'2 images [when using the faster 1'2
turbo spin echo (TSE) sequence]. Unique to MRI is the ability to selec
tively remove or null particular tissues from the image. For example,
fat, which is bright and may obscure pathology, can be removed by a
technique called fat saturation or 'fat sat' for short (see Figs 14.13Eand
14.15D). This is an extremely useful technique, which also makes it
possible to confirm that a structure is fat-containing (e.g. a lipoma) by
obtaining images before and after fat saturation.

MRI is also routinely used to evaluate blood vessels (Fig. 14.8).
These images can be generated without the use of intravenous contrast
agents although contrast-enhanced studies are also used to acquire
additional information. The latest and faster MRI sequences allow rou
tine evaluation of the beating heart and are a valuable tool in comple
menting cardiac ultrasound and cardiac nuclear medicine studies.
Magnetic resonance spectroscopy has the ability to evaluate the chem
ical composition of tissue and has shown promise in the diagnosis
of cerebral tumors. MRI is also used to evaluate brain function, the
so-called functional MRI.

Nuclear medicine
There are some fundamental differences between nuclear medicine
and the other imaging modalities. Whereas the other modalities rely
mainly on a change in anatomy caused by a pathological process,
nuclear medicine is able to show images of changes in function or
physiology as a result of pathological change. The energy source in
nuclear medicine is a radionuclide that emits ionizing radiation in the
form of gamma rays, which come from the same part of the electro
magnetic spectrum as X-rays. The radionuclides are tagged with a bio
logical compound that is used by a living tissue; this combination is
called a radiopharmaceutical. Unlike the other forms of imaging, the
radiopharmaceutical is placed inside the patient, usually by an intra
venous route, and taken up by the organ/cells or pathological process
of interest. During decay of the radionuclide, gamma rays are emitted
and pass out of the body and are collected by a gamma camera to pro
duce an image. The most common radionuclide used is technetium
99m, and a common study is a bone scan in which the technetium is
labeled with diphosphonate (Tc-MDP) (Fig. 14.11A and B). This is
quickly taken up by bone, particularly in areas of bone remodeling, for
example, fracture repair and most bone metastases. The camera is
positioned over the area of interest and images obtained in a two
dimensional plane (the planar image) (Fig. 14.11C).As in CT, images
can also be obtained by rotating the camera slowly around the patient
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to obtain a cross-section or tomogram. This is referred to as SPECT
(single photon emission tomography), and is used in, for example,
SPECT bone imaging and thallium SPECT imaging of the heart.

The ability of nuclear medicine to show cellular function can be
demonstrated by positron emission tomography or PET. In this tech
nique, the radionuclide fluorine-18, in combination with glucose
[18-flourodeoxyglucose (FDG)), is readily incorporated into cells
allowing the utilization of glucose to be imaged; this is proving to be
an extremely useful way to diagnose and monitor disease. For
instance, it has been shown that FDG accumulates in most tumors to
a greater amount than normal tissue, allowing recognition of the
tumor (Fig. 14.11D). It is used to diagnose, stage and evaluate the
treatment response of several tumors. This list is growing and
includes lung, colon, breast, head and neck cancer, lymphoma and
melanoma. Positron-emitting radionuclides also produce gamma
rays but require a specially designed camera for imaging. With small
lesions or complex anatomical areas, PET may not provide enough
anatomical detail to accurately depict the exact site of the lesion. By
performing a CT scan at the same time as the PET scan (PET/CT)
and fusing the images, anatomical localization of the lesion is
improved, and the two modalities used together have proved to be
complementary, resulting in a more accurate diagnosis.

SCREENING, INTRAVENOUS CONTRAST
AND SAFETY

Screening
Using imaging to screen for disease, particularly cancer, has been a
desirable goal for many years; however, the development of an effec
tive screening test has been elusive. Screening mammography is an
exception. A review of eight randomized controlled trials demonstrated
a 20% reduction in breast cancer mortality when women aged 40-74
years of age were invited for screening; this represents a significant
reduction in mortality (Smith et aI2004). The National Cancer Institute,
the American Cancer Society and the American College of Radiology
recommend annual mammography screening for all women over 40
years of age. All mammography facilities in theUS are regulated under
the federal Mammography Quality Standards Act (MQSA). Despite
these advances, it must be remembered that no perfect test has been
found; breast cancer still remains the second most common cancer in
women after lung cancer. The sensitivity and specificity of mammogra
phy screening is 83-95% and 90-98% respectively. Sensitivity is espe
cially reduced in women with dense breasts. Breast self-examination
and clinical examination remain essential for diagnosis.

The National Lung Screening Trial is evaluating the effectiveness
of CT in screening for lung cancer. CT colonography is a new tech
nique, which uses MPR and three-dimensional reconstruction to
noninvasively view the colon, and is currently being evaluated as a
possible screening tool for colorectal cancer. For these and other tri
als, including the effectiveness of imaging guided therapies such
as RF tumor ablation, refer to the American College of Radiology
Imaging Network website (www.acrin.org).

Issues related to intravenous contrast
Intravenous contrast agents are widely used and considered safe.
However, adverse reactions can occur. For the most part, these are
minor reactions that do not require treatment, including hives, nau
sea and facial swelling. More moderate reactions that require obser
vation and/or treatment include hypotension, bronchospasm and
bradycardia. Rarely, the reaction may be life-threatening requiring
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Figure 14.11 Nuclear medicine whole body bone scan. (A) Normal bone scan. This anteriorview was obtained 4h after the intravenous
injection of the radionucleide - Tc 99m MOP. The images show expected bone uptake in a 60-year-old female. The scan is routinely delayed
to allowclearance of the radionuclide from the blood and soft tissues which would interfere with bone visualization. Notethe symmetry of
uptake. Increased activity at the shoulder and iliac wings in the pelvis is normal. Activity in the lowerneck is due to normal thyroid cartilage
activity. The tracer is cleared through the kidneys hence expected increased activity in the bladder and kidneys. Increased activity at L4/S is
due to degenerative disk and facetjoint disease. (B) Bone metastases. Anteriorview of a 6S-year-old woman with metastatic bone disease
from breast carcinoma. Increased activity is seen in the spine, left ilium (white arrow), sternum, the proximal right humerus and femur. The
bone scan is used to diagnose the presence, extentand response of disease to treatment. (e) Nuclear medicine gamma camera. There are two
gamma cameras (dual head), one above and one below the patient. This allows anteriorand posterior images to becollected simultaneously,
speeding up the examination. The cameras can berotated around the patient to allow oblique and lateral projections.



Figure 14.11 (0) Positron emission tomography (PET). Example
of a PET scan with fluorodeoxvqlucose (FOG). It was obtained to
stage thecolon cancer in this 60-year-old woman. Notethe round
area of increased activity in the liver (l arrow) from a single
metastasis. This confirmed the CT findings. Increased activity in a
small upper abdominal lymph node (IN) isalso consistent with
metastatic disease. This was not suspected on CT which relies on
lymph node enlargement to make the diagnosis. FOG is excreted via
the kidneys. hence the normal activity in the kidneys (K) and
bladder. (B) Normal activity is also seen in the heart(H).

immediate treatment and usually hospitalization. With low osmolar
iodinated contrast media, used with X-ray and CT, the incidence of a
severe reaction is 1-2 per 10000 examinations. Gadolinium chelates,
which are used as intravenous contrast agents for MR!, are very well
tolerated and have a much lower incidence of adverse reactions;
severe reactions are extremely rare. Patients who have had a previ
ous contrast reaction are more likely to do so again. Current practice
is to pretreat these patients with corticosteroids at least 6 h prior to
injection. An antihistamine, such as 50mg of diphenhydramine, is
also used and given 1h before the contrast injection. This may pre
vent or minimize a minor or moderate contrast reaction but is
unlikely to prevent a major life-threatening event.

Iodinated contrast-induced nephropathy is a risk, particularly in
patients with preexisting renal failure (Box14.1). It is usually transient,
with renal function returning to the baseline within 10 days. Adequate
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Box 14.1 RiskfIdors for lodlnlted contrast-induced
nephroplthy

• Preexisting renal insufficiency and diabetes mellitus
(most important)

• Volume depletion and hypotension
• Nephroticsyndrome
• Exposure to other nephrotoxins, e.g. NSAIDs
• Diuretic useespecially furosemide
• Lowoutput heart failure
• High volume or multiple injections of contrast overa

72h period

• Age >70
• Hypertension
• Multiple myeloma

hydration prior to the examination is important. In patients with poor
renal function or repeated severe contrast reactions, it is recommended
that the study be undertaken without contrast or by using a different
imaging modality.

According to the ACR manual on contrast media, version 5 (see
Bibliography), gadolinium does not cause renal toxicity.Also patients
with end-stage renal disease requiring regular dialysis can be given
contrast agents. However, recent reports have indicated that a new
and rare disease, nephrogenic systemic fibrosis (NSF), may occur in
patients with moderate to end-stage renal disease following the
administration of a gadolinium-based contrast agent. The US Food
and Drug Administration (FDA) in December 2006 issued a public
advisory along these lines and is evaluating these reports. For details
go to the FDAwebsite (see Bibliography). As this is a new and evolv
ing problem, if you have patients with renal failure, particularly end
stage disease, who may require MRI, it is suggested that you also
contact your MRI center for their current guidelines before ordering
the test.

Patients using metformin to treat diabetes are at risk of develop
ing lactic acidosis if the blood level of metformin is high. Metformin
is excreted via the kidneys. Therefore, the development of renal fail
ure following intravascular iodinated contrast in patients taking
metformin is of added concern. Current recommendations are to
stop metformin before administration of intravenous contrast and
recommence after 48h, once it is established that renal function has
not been affected.

A word about radiation effects
------------------~~-~~~ --

X-raysusedin radiography, fluoroscopy and CT,and gamma rays used
in nuclear medicine, have enough energy to cause ionization of atoms
within the body. This form of energy or radiation is called ionizing
radiation, and it can result in damage to DNA and the induction of
tumors, both benign and malignant. Bone marrow, gastrointestinal
tract, mammary glands, gonads and lymphatic tissue are most suscep
tible, and children are more susceptible than adults. The latency period
for solid tumors is 25+ years, whereas for leukemia it is 5--7 years.
While the higher the exposure, the greater the likelihood of getting can
cer, there is no demonstrable threshold at which this can occur. In con
trast, a single high dose can cause immediate cell death and may cause
cataracts, skin burns and hair loss.

Imaging studies are only one source of ionizing radiation. Everyone
is exposed to natural background radiation, which, in the US, is
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Figure 14.12 Brain imaging. MRI and CT are used to image the brain. Both have their strengths andweaknesses. Generally speaking, MRI
is the modality of choice. However, when speed is of essence, such as in an emergency situation or with patients unable to lie still, CT is
preferred. CT is used in patients with a pacemaker and in those who sufferfrom claustrophobia. In the acute setting, CT is usually the initial
choice because of its availability, fast examination timesand ability to identify acute intracranial blood, skull and facial fractures (A-D).
(A) Subarachnoid hemorrhage in a 75-year-old female whopresented with an acute severe headache behind the right eye. Acute blood is seen
in the basal cisterns (arrow heads), Sylvian fissure (arrows) and 4th ventricle. Acute blood appears white on CT and is easily differentiated
from the darker brain parenchyma. This was caused bya rupture of a right posterior communicating arteryaneurysm (An). The 15mm
triangular white area to the right of the circle of Willis represents blood around and thrombus within the aneurysm. Treatment was surgical
clipping. In the right candidate, such aneurysms can betreated by placing small metalcoils into the aneurysm and sealing them off; this is
achieved by threading small catheters up to the brainvia arteries in the groin and using fluoroscopy to guide the placement. (B) Intracerebral
hemorrhage in a 90-year-old patientwho presented with acute collapse. There is a large cerebral hematoma with considerable mass affect
on the adjacent brain. Blood has ruptured into the lateral and 3rdventricle (arrow b) and there is a small subdural component (arrow a).
Elderly hypertensives are at particular risk for intracerebral hemorrhage. (C) Chronic subdural hematoma. The small arrows show a rim of
chronic hematoma between the brain and the inner tableof the skull. In contrast with acute blood, chronic subdural blood appears grayor
dark on CT. Note the mass effect on the adjacent brain with loss of the sulci (compare opposite side) and shift of midlinestructures to the
right. Subdural hematomas result from tearing of cortical bridging veins following head trauma. With an obvious episode of trauma and
alteration of mental status, thediagnosis isstraightforward. However, theepisode of trauma may be minor, particularly in patients on
anticoagulants. In theelderly, subtle changes of behavior may be difficult to define and the patient may not remember the traumatic event,
making clinical diagnosis difficult.Notsurprisingly, most chronic subdurals occur in the elderly. Symptoms are headache followed bydeteriorating
neurological function. Treatment issurgical drainage. (D) Skull fractures. Easily appreciated on CT, as shown bythearrow. (Continued.)
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Figure 14.12 Primary brain tumor (gliobastoma multiform).This case demonstrates the ability of MRI to routinely display pathology in
multipleplanes and the superior soft tissue depiction. The brain tumor in the left frontal region is well defined on these sagittal, coronal and
transverse images (E-H). The T1 weighted images (G and H)were obtained following intravenous gadolinium andshow bright areas of
enhancement in the periphery of the lesion. The bright area in the T2 weighted image (E) surrounding the tumor indicates associated edema.
(H) The central part of the tumor is fluid containing, darkon Tl (e) and bright on T2 (E), and probably indicates cysticchange or central
necrosis. Mass effect on the adjacent structures is well appreciated.
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From Table 14.1, it is clear that the examination resulting in the
most patient exposure is a cr scan, which is of particular concern in
children. If a patient needs a cr scan in order to improve their health
and there is no other way of obtaining the information, then the choice
is easy. However, until a clearer picture of the exact risks of diagnostic
X-rays emerges, it is recommended that cr scans be usedprudently.

Using the argument that the greater the dose, the greater the risk,
strategies to reduce patient exposure are part of modern radiological
practice. These include using the minimal amount of exposure to
produce a study, modem equipment, trained personnel and consid
ering alternative studies such as MRI or ultrasound, which do not
use ionizingradiation.

MRI safety

Table 14.1 Typical radiation doses

Figure 14.12 (I)Stroke. This is a clinicaldiagnosis. CT and MR are
both used in patient evaluation. Although CT is usually used initially
it may appear normal in the first few hours. Traditionally, its value is
theassessment of stroke mimics, such as tumorand anyassociated
hemorrhage. More recently, CT and MR have been used to assess
perfusion of the brain and level of arterial vascular obstruction or
stenosis with non-invasive vascular imaging (see Fig. 14.8). This
figure isanexample of diffusion-weighted MR (OWl) and acute
brain infarct. This 85-year-old woman presented with acute onset of
confusion, left-sided weakness and visual field defect. MRI is
capable of measuring the motion of waterthrough brain tissue.
With acute infarction diffusion becomes restricted in those areas
affected. This represents the brightarea in the right temporal lobe
(arrow). This is in the vascular territorysupplied by the inferior
division of the right middle cerebral artery. The change can beseen
within minutes of the event and has revolutionized stroke diagnosis.

Natural background

Chest X-ray (marrow)

Mammogram (breast)

Nuclear medicine

CT scan: head

CT scan: abdomen

Dose (mSV)

3.0/year

0.1

0.7

2.0-10.0

2.0

10.0

MRI uses no ionizing radiation and is a safe procedure. No long-term
biological effects from MRI have been described. However there are
some caveats. MRI uses a strong static magnetic field and ferromag
netic objects can become airborne projectiles. These include stainless
steel surgical instruments, ferrous oxygen tanks and car keys and,
therefore, such items are not allowed into the MRI room. Ferromag
netic implants may move with potential catastrophic consequences;
certain cerebral aneurysm clips, especially the older type, are in this
category. Newer magnetic resonance-safe clips are of no concern. If it
is not possible to determine the type of clip used prior to the scan, the
procedure is not undertaken. Implantable devices are assessed on a
case-by-case basis. Generally cardiac valve replacements, annulo
plasty rings, arterial stents and joint replacements are safe. However,
these devices may cause image artifacts, which may limit the useful
ness of the study. Other contraindications include cochlear implants
and currently all cardiac pacemakers, although this is likely to be
modified in the case of pacemakers. Metallic foreign bodies within
the orbit are a contraindication and, if concern exists, a radiograph of
the orbits is obtained prior to the study.

The magnetic field gradients used to produce a magnetic reso
nance image produce their own set of potential problems. These gra
dients can stimulate peripheral nerves but, at the Food and Drug
Administration (FDA) limit for gradient field strength, this is not a
practical problem. The loud knocking noises heard while in the scan
ner are produced by the changing field gradients. The noise has the
potential to induce hearing loss and ear plugs or noise-abating head
phones must be worn.

Because of the potential for the RFpulse to heat the body, the FDA
has recommended RF exposure limits. Care must also be taken to
prevent bums that may develop from electrical currents in materials
that are capable of producing a conductive loop, such as electrocar
diogram (EKG) leads. Technical staff receive specific and continuous
safety training, and rigorous patient screening, including a detailed
safety form, is completed prior to any study. Removable metallic objects
including jewelry, car keys and hairpins are not permitted in the MRI
room; this includes credit cards, which will become damaged. Only
MRI-safe equipment is allowed in the suite and the patient is closely
monitored during the scan.

WHICH IMAGING STUDY TO CHOOSE7

approximately 3mSvfyear. Table14.1 lists some typical radiation doses.
It is unknown exactly what the cancer risk is from diagnostic studies.
It is assumed that there is a potential risk; however, the risk may be zero
or very small. This is especially so with a chest X-ray where the dose
is small and estimated to be equivalent to 10 days of background
radiation. These factors must be weighed against the risk to the patient's
health if the study is not performed.

All of the imaging modalities have their strengths and weaknesses and
none is perfect (Table 14.2). It is important to decide which test will
answer the clinical problem with least risk and cost to the patient. New
research and the march of technology mean that this will always be a
moving target; what is the best test today may be old hat tomorrow.
However, one of the most useful pieces of information for the imag
ing facility and interpreting radiologist is the clinical history. This
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Table 14.2 Advantages and disadvantages of the various imaging modalities

X-ray CT Nuclear medicine MRI Ultrasound

Ionizing radiation Yes, but the Yes; has the Yes No No
dose is usually highest doses
small

Scan time Fast Fast Mayneed delayed 30-60 min 10-30 min
images

Cross-sectional, No Yes, but current Yes; shows function- Yes; routine and Yes; three-dimensional
multiplanar and three- technology requires limitedanatomical noextra timefor is newbut likely to
dimensional images additional time detail reconstruction be used more

Mobility/bedside Yes No No No Yes
imaging

Cost Inexpensive Expensive PET scanners are Mostexpensive Relatively inexpensive
expensive

Claustrophobia No Uncommon Rarely Yes; 1-4% No

Large patients Noweight limit; Weight limit; image Generally noweight Weight limit; also, Images for deep
image quality qualityreduced limit; image quality if patienttoo wide structures limited;
reduced reduced theywill not fit in superficial images

the magnet bore OK

Strengths Still the most Fast; maximum Unsurpassed functional Best for soft tissue Fast, mobile, real time
widely used amount of imaging; excellent for and bone marrow; and nonionizing; first
imaging modality; information in a diffuse bone metastases; imaging of choice line in many situations
fastand short timeframe; PET good for diagnosis for brain, spine and especially superficial
inexpensive; lungs excellent in and treatment of cancer; musculoskeletal; structures; used for
and bones well emergencies, e.g. thallium and sestamibi nonionizing; list abdomen, pelvis, heart,
seen; good acute hemorrhage, used in diagnosis of IHO of uses increasing carotids and limb OVT
overall view of intra-abdominal
anatomy air, complicated

fractures; lung,
bone and vessels
well seen

OVT, deep vein thrombosis; IHO, ischemic heart disease; PET, positron emission tomography.

information is critical in order to answer the clinical question and tailor
the examination to ensure that the appropriate images are acquired.

In general, MRI with its superb tissue contrast and ability to image
bone marrow with routine multiplanar imaging and nonionizing
radiation is the method of choice for most brain, spine and museu
loskeletal lesions (Figs 14.12E-[, 14.14A-G, 14.15A-D and 14.16A-C).
It also has an increasing role to play in the evaluation of the abdomen
and pelvis. Noninvasive imaging of the biliary and pancreatic ducts,
so-called MRCp, is now a routine investigation.

Ultrasound is recommended as the initial modality for evaluating
the abdomen, especially the gall bladder and bile ducts. Ultrasound
is a good place to start when evaluating renal masses and possible
renal obstruction as a cause for renal failure. It is the method of choice
for initially evaluating uterine and ovarian masses. It allows excel
lent detail of superficial structures and is a reasonable place to start
with superficial masses, for example thyroid masses. Joint and ten
don pathology is usually evaluated with MRI but nonosseous prob
lems, e.g. the rotator cuff, biceps and Achilles tendon tears, are well
evaluated with ultrasound (Fig. 14.14C and 14.15E-F). For patients
who are unable to undergo MRI, ultrasound or CT may be helpful.

In the case of trauma and emergency situations, X-ray and CT are
the modalities of choice; they are readily available and quick to

perform. Modern CT is very fast with a typical brain sean taking
only a few seconds. CT is very accurate at demonstrating acute
intracerebral hemorrhage (Fig. 14.12A-e). Acute chest and abdomi
nal problems are routinely evaluated with CT (Figs 14.5 and 14.6).
With stroke, CT is currently used in an initial evaluation; however,
CT has a limited ability to diagnose this important condition in the
first few critical hours when treatment options need to be decided.
Its role is mainly in excluding intracranial hemorrhage and stroke
mimics such as tumors (Fig. 14.12A-e). This situation is changing,
and new sequences such as perfusion CT and MRI can evaluate areas
in the brain with no perfusion or limited perfusion that are at risk for
further infarct and which may benefit from intervention with intra
venous or intra-arterial thrombolysis using tissue plasminogen
activator (tPA). MRI is able to diagnose stroke within minutes of
the event. A sequence called diffusion imaging has revolutionized
the diagnosis of this acute problem (Fig. 14.121) and is likely to
play a major role along with perfusion imaging in acute stroke
management.

Fractures are best evaluated by X-ray imaging. However, in the eld
erly, in whom bone density is reduced, undisplaced fractures may not
be apparent (Fig. 14.13Aand B).Limited mobility, as in patients with
spine and complex fractures, may reduce the usefulness of standard
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Figure 14.13 Neck and back pain. Neck andback pain are common
clinical problems. The following four cases show howCT and MRcan
beused to evaluate spine pain. (A) and (B) Cervical spine injuryin the
elderly. Lateral radiograph and sagittal, multiplanar reconstructed
computed tomogram (MPR/CTl of a 78-year-old woman with neck
pain following a minorfall. (A) The radiograph shows mildswelling
of the prevertebral soft tissues at C2 of concern for a bony injury
but none definitely detected. (B) The CT clearly demonstrates an
undisplaced fracture through the base of the odontoid. This case
serves to illustrate several common clinical situations. Firstly both falls
and neck painarecommon in the elderly. Cervical spine fractures
are also common in the elderly andodontoid fractures are
disproportionately represented. Secondly fractures of the cervical
spine often occur following minortrauma and may, initially, not be
suspected. Osteopenic bones add to the difficulty of diagnosis. MPR/CT
overcome many of the limitations of plain radiographs and can be
useful when plain filmsdo not fit the clinical picture or further detail
is required of a known fracture (see Fig. 14.7A-D). Suspected cord
injuryisbest evaluated with MRI. (C) Vertebral metastasis. Sagittal
T1-weighted image of the lumbar spine in a 57-year-old with back
pain and lungcancer. The changes are typical for metastatic vertebral
disease. Multipleoval areas of lowsignal (arrows) are seen replacing
the bone marrow at multiple levels. The spine isthe most common site
of skeletal metastases which are seen most frequently with breast,
lung and prostate cancer. Whereas whole body nuclear medicine
bone scanning isthe preferred method for accessing total skeletal
involvement (Fig. 14.11 B), MRis.the preferred method for evaluating
the spine. Because of its superior imaging of bone marrow it can
identifymetastatic disease, to thespine, earlier thanothertechniques.
Inaddition it isable to evaluate othercauses of back pain and possible
causes of neurological deficits including cord compression. (Continued.)
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Figure 14.13 Oiskitis. This isan infection of the intervertebral disk, which usually occurs via bloodborne
bacteria which implantin the vertebral endplate and spread to the disk. It typicallypresents with focal back
pain and tenderness. Elderly diabetics and the immunocompromised are particularly susceptible. MRI with
excellent soft tissue and bone marrow detail has proven an accurate way to diagnose and monitor response
following antibiotictreatment. (0) Sagittal T1-weighted image without intravenous gadolinium. (E) Sagittal
T1 image following intravenous contrast. In this image, the bright fat signal has been removed (bright fat in
o is nowgray* in E) bya technique called fat saturation and allows dramatic appreciation of the increased
enhancement (the bright area) across the disk and adjacent endplate (arrows) indicating infection. Note also
involvement of the adjacent epidural space and compression of the spinal cord.

radiographs (Fig. 14.16).MR!, with its ability to display bone marrow
edema, has proved useful in evaluating the presence of acute com
pression fractures, metastatic disease of the spine and suspected frac
tures, especially hip fractures, not detected on initial radiographs
(Figs 14.13C, F-J and 14.16A and B). CT, with its multiplanar three
dimensional capabilities and superb bone detail, is well suited for the
evaluation of complex and difficult-to-diagnose fractures (Figs 14.7,
14.12D,14.13Aand B,and 14.160 and E). Nuclear medicine bone scans
are also used in thissituation; however, in the elderly, it may take a few
days for the nuclear medicine scan to become positive. For diffuse bone
metastases, whole body nuclear bone scanning is best, whereas spine
metastases are evaluated well with MR! (Figs 14.11B and 14.13C).
Nuclear medicine still has a major role to play in the diagnosis of pul
monary embolus despite the move to cr. Acute cholecystitis, bile leaks,
intestinal bleeding and infection are other diagnoses that can bemade
with nuclear medicine. FOG PET, as outlined above, has a major and
increasing role to play in cancer imaging (Fig 14.110). It also has a role
in the diagnosis of brain disorders including Alzheimer's disease,
Parkinson's disease and seizures. In the future, it will also likely be
used in the evaluation of myocardial perfusion.

Diagnostic vascular imaging is now mainly performed noninva
sively using ultrasound, CT and MR!. Long and deep vessels, e.g. the
thoracic and abdominal aorta and entire lower limb arterial supply,
are best seen with magnetic resonance arteriography (MRA) and com
puted tomography arteriography (CTA) (Fig. 14.8). Ultrasound with
Doppler is very effective for short superficial vessels and is excellent

for evaluating carotid artery stenosis in the neck. It is also the best test
for deep vein thrombosis in the upper and lower limb.

Infection of the foot, especially with diabetes, is a ccr-imon prob
lem. The foot is first evaluated with X-ray imaging. This provides a
lot of basic information including the presence of arthritis and neu
ropathic changes. However, plain film changes of osteomyelitis are a
late finding and soft-tissue infection and viability are poorly seen.
On the contrary, MRI has proven very useful in evaluating foot and
spine infection (Figs 14.130 and E, and 14.14F and G). For more
information/updates go to the ACR website and navigate to
Appropriateness Criteria (see Bibliography).

CONCLUSION

Medical imaging has come a long way in the past 100 years. The
improvements have mirrored developments in technology. This has
brought faster imaging times, improved anatomical detail and, more
recently, molecular imaging. As a result, medical imaging is an
important and integral part of modem medical practice. Future
developments promise to build on these capabilities and help provide
insight into the cause of disease, improved diagnosis, earlier detec
tion and improved and targeted treatment regimes. With constant
change in the capabilities of the various modalities, new knowledge
of disease processes and each patient's unique set of problems, it is
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Figure 14.13 (F-J) Vertebral compression fractures. Vertebral fractures are a common cause of back pain in the elderly. This 70-year-old
sustained a lumbar compression fracture, following a fall. The case illustrates how MRis used to determine if the fractureon X-rayis recent
or old and diagnose occult fractures. The radiograph (F) shows a fractureat l3. MRI also shows the fracture. However, on the sagittal and
coronal Tl images (G and H) the vertebra is bright, the same as all the othervertebrae with the exception of L4which is dark. L4, however, is
bright on the STIR or fluid-sensitive image (I).Whatdoes this mean? The radiograph certainly shows a fracture at L3. However, it isan old
fracture that has healed. This isconfirmed on the MRwhere the signal of this vertebra is normal. L4represents the acute fracture asseen by
the bone marrow edema - dark on Tl, bright on STIR. The fracture has not resulted in any loss of heightof the vertebra, making it hard to
pinpoint on the radiograph. A sagittalT2-weighted image (J) shows the fracture line.This serves to illustratea frequent problem. In older
individuals, compression fractures, usually related to osteoporosis, arecommon. The radiograph is able to show the fracture, providing there
is compression of the vertebra or a fracture line. However, unless a recent studyis available for comparison, it is not able to tell if this is new
or old, and, as in this case, it can underdiagnose injury. The MR bydemonstrating the bone marrow edema is able to show that an acute
fracture has occurred and that it occurred at L4, not L3 assuggested on the radiograph. It is important to know which vertebra is involved
prior to treatment and MR is frequently used to sort out this common conundrum. (Continued.)
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Figure 14.14 (A-G). Superficial soft tissues. MRI isvery useful for
evaluating superficial soft tissue pathology, particularly complex and
acute problems. Lesions with calcium require X-ray. Ultrasound can be
used for small or focal lesions. Radio-opaque foreign bodies need X
ray, whereas non-radio-opaque foreign bodies can beevaluated with
ultrasound. (Aand B) Acute bilateral quadriceps rupture. This 59
year-old male was unable to extend hisknees aftera fall.The sagittal
Tl-weighted image of both knees shows rupture of both quadriceps
tendons at the attachment to the patella (arrow head). Loss of the
normal dark signal of the tendon isseen. There is an associated
hematoma on both sides (arrow), left> right. lV. Invastus
intermedius, RF rectus femoris muscle). Note the crumpled patellar
tendon and slightdistal patellar displacement on the left side (long
arrow). Quadriceps rupture is more common above theage of 40 and
considered to besecondary to tendon degeneration. Bilateral rupture
isunusual, however. MRI allows excellent depiction of thisproblem.
The tendons were surgically reattached. (C) Ultrasound of biceps
tendon rupture. This 71-year-old woman presented with anterior
elbow and upper forearm pain and swelling following a fall. She tried
to catch herself bygrabbing the table with herhand while theelbow
was flexed. This isa sagittal ultrasound of the lower end of thebiceps
tendon as it starts to dive towards its insertion ontothe radial
tuberosity, just below the elbow. The tendon is torn from the
tuberosity. The normal linear fibers of the tendon (+ +) are inter
rupted and irregular (between the two arrows ><). The distal tendon
isbulbous, representing degenerated torn tendon, fibrous tissue and
surrounding edema (*). These findings were confirmed at surgery
during reattachment of the tendon to the tuberosity. Brachialis
muscle deep to the biceps tendon (Br). Anterior bony margin of the
elbow (E). (Continued.)
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Figure 14.14 (D) Nerve sheath tumor. This 56-year-old female presented with hand numbness, upper extremity painandsoft tissue mass
anterior to the elbow. The nerve sheath tumor is exquisitely demonstrated by MR. The nerve (arrow b) can beseen running into the tumor
(arrow a). The MR findings arecharacteristic with the tumor bright on T2 (D) andenhancing with gadolinium on the T1 image (E). Surgical
and pathological confirmation. (F and G) Foot infection: cellulitis and osteomyelitis. A combination of radiographs and nuclear medicine
has traditionally been used to evaluate osteomyelitis in the foot. MR with its excellent soft tissue and bone marrow depiction is able to show
both soft tissue and bone infection. This case shows an MRI of a 54-year-old diabeticwith diffusefoot swelling and infectednon-healing
plantarulcer. (F) and (G) are sagittalviews of the foot. They are Tl-weighted images with fat saturation obtained after intravenous injection
of gadolinium chelate. There is increased enhancement of the plantarsoft tissues (bright area and vertical arrow) indicating infection.The
bright tubular structures are veins. The black area or signal void is dueto gas in adjacent devitalized tissue (horizontal arrow). These findings
were confirmed at surgery.
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Figure 14.15 Shoulder pain. Shoulder pain isa common symptom in the elderly oftencaused bytears of the rotatorcuff. MRI with its superb
soft tissue contrast and multiplanar abilities is wellsuited for imaging the rotatorcuff. In patients unable to undergo MRI, ultrasound with its
abilityto image superficial soft tissue structures isanexcellent technique for evaluating the rotatorcuff. (A) Normal right shoulder MRI. This is
a coronal view using a T2 weighted imaging sequence (T2WI). This viewis part of a MR assessment of the rotatorcuff.a common source of
tendon tears. The supraspinatus muscle (SSM), partof the rotatorcuff. iswell seen. The muscle arises from the supraspinous fossa of the scapula.
It passes under theacromion to insert anteriorly on the greater tuberosity (black arrow) of the humerus (H) shown above. The lateral margin of
thedeltoid (D) is well seen in this view, arising from the lateral and upper margin of the acromion (Ac). Superior labrum (small white arrow).
trapezius muscle (Trap). (8)Full thickness tear of the supraspinatus tendon. Compare normal shoulder in (A). This coronal MRI, T2WI shows that
thispatient has sustained a large full thickness tearof the supraspinatus tendon. Note howthe greater tuberosity and superior humeral head
(arrows) are now bare. The tendon is retracted medially almost to the superior margin of the glenoid. (*)The humeral head isdisplaced superiorly
and abuts the under surface of theacromion. Fluid isseen in the subacromial bursa (F) and in the glenohumeral joint (J). (C and 0) Partial tear of
the supraspinatus tendon. (C) isa coronal MRI, T2Wl, showing mild increase in signal in the bursal or superior fibers of the tendon (whitearrow
and two stars). Note the normal brightsignal from thesubcutaneous fat overlying the deltoid. Acromioclavicular joint (small white arrow),
glenoid (G), labrum (L). (D) Same area using anadditional fat saturation sequence to remove the fat signal. Note howthe subcutaneous fat is
now gray. (*) Note also the bright signal in the tendon caused by the tear isbetterappreciated (single arrow). (Double arrow, normal dark signal
from unaffected lateral margin of tendon.)
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Figure 14.15 (E) Normal right shoulder ultrasound. Compare this to the normal coronal MRI viewof the shoulder with (A). The
supraspinatus tendon (SSpn is well seen inserting into the greater tuberosity of the humerus (white arrow). (Nsubcutaneous fat overlying
thedeltoid). (F) Right shoulder ultrasound. Full thickness tear. Compare this to the MRI full thickness tear (B). The horizontal echogenic
fibers of the tendon are separated by a distance of 1.7cm(++). The space is filled with hypoechoic material representing fluid and
granulation tissue. Acromion (arrow), deltoid muscle (0), greater tuberosity and head of humerus (H).

Figure 14.16 Hip pain. This 76-year-old woman experienced left hip pain following a fall. The hip radiograph was normal. (A) is aTl
weighted coronal image of the left hip. This shows the fracture line (arrow) and gray areas in the adjacent bone marrow representing edema.
(B) isa fluid-sensitive coronal image showing a linear brightarea representing edema at the level of the fracture (arrow a). While the
radiograph was negative, the MR was able to confirm the clinical suspicion of a fracture and allow treatment in a timely manner. Note the
associated partial tearof thegluteus medius at its insertion (B, arrow b) illustrating MRl's ability to show othercauses of hip pain following
trauma such as adjacent muscle strain or tears and pelvic fractures.
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Figure 14.16 (C) Tear of the gluteusmedius muscle. This is a coronal fluid-sensitive MRI (STIR) scan of the pelvis andboth hipsin a 76
year-old women with left trochanteric pain. This demonstrates a full thickness tear of the lateral fibers of the gluteus medius muscle (GMed.
between arrows) at its insertion onto the greater trochanter of the left femur (arrow head). So-called trochanteric painsyndrome is more
common in middle-aged and elderly women. This has often been ascribed to trochanteric bursitis. However with the advent of MRI it is now
felt that this syndrome is more likely due to tendinopathy of the gluteus minimus and medius muscles, which both insert into the greater
trochanter, and the bursitis isa secondary effect. The changes are analogous to tears of the rotator cuff of the shoulder. (0 and E) Hip pain.
This 56-year-old female experienced right hip and pelvic pain following a fall. The radiographs were normal. (0) is a coronal reconstructed CT
image showing a fracture of the right sacrum (arrow). (E) is a 30 volume-rendered image elegantly demonstrating the fracture (arrows). The
right hip was normal.
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not possible to be dogmatic on which modality is best suited for a
given situation. However, an understanding of the strengths and
weaknesses of the current imaging modalities will beof benefit when
deciding the appropriate study for addressing the patient's particular
clinical problem.

Finally, despite all of the spectacular progress over the past 100
years, medical imaging remains but one tool in the clinical armamen
tarium and is still no substitute for a good clinical history and physi
cal examination.

ACKNOWLEDGMENTS

Pennsylvania. With special thanks to Chris Weir, Mark Houseman,
Idriz Dizdarevic, Dean Hollenbacher, Kory Mollica, Kevin Barnhar,
Doug Peterson, Corinne Daubenhauser. Jerry Kornfield for com
puter and graphics advice.

Note
Left and right sides are defined from the perspective of the radiolo
gist looking at the patient from the foot of the bed. The patient's right
side is opposite the radiologist's left. This is why in Fig. 14.12C the
shift is to the patient's right although in the image it is to the left.

I would like to thank the technical staff from the Radiology
Department, Lancaster General Hospital and MRI Group, Lancaster,

References
-- -- -- -------

Smith RAet al 2004The randomized trials of breast cancer screening:
what have we learned? Radiol Clin North Am 42:793-806

- ._~----- -------------------------------------
Bibliography
Grainger & Allison's Diagnostic Radiology: A TextBookof Medical

Imaging, 4th edn. This is a good general radiology text.
RadiologicClinics of North America. Available:http://www.theclinics.

com. Excellentup-to-date monographs published bimonthly.
RadiologicalSocietyof North America (RSNA)website. Available:

http://rsna.org. While you need to be a member to gain access to all
the information there are lots of free articles and information. Click
on Patient information. Lots of information here including the
Radiology in motion section with short, funny, video clips on
various imaging modalities.

The American College of Radiology website. Available:
http://www.acr.org. Again you need to be a member to gain full
access but there is a lot of free information. For evidence-based
guidelines on the most appropriate way to image patients, go to
Quality and Patient Safety.From the pop-up menu choose
Appropriateness Criteria. Also in this section is the Manual on
Contrast Media and MRSafety.

The Food and Drug Administration (FDA)website. For updates on
gadolinium contrast agents go to www.fda.gov / cder



Chapter 15

Posture
Timothy L. Kauffman

CHAPTER CONTENTS

• Introduction
• Axial and appendicular skeletal changes
• Softtissue
• Clinical considerations
• Conclusion

INTRODUCTION

Posture is the alignment of body parts in relationship to one another
at any given moment. Posture involves complex interactions
between bones, joints, connective tissue, skeletal muscles and the
nervous system, both central and peripheral. The complexity of
these interactions is compounded when one considers the near infi
nitesimal variety of human balance, motor control, and movement in
relation to gravity. Furthermore, with the passage of time, each organ
ism undergoes change resulting from microtrauma and frank
injuries to, and the effects of disease on, the connective tissues, mus
cles and neural control mechanisms, which results in the unique
variations of aging posture.

Posture is commonly assessed using a grid or a plumb line, with
the patient in a static standing position; however, within the aging
population, this becomes more difficult because of the age
associated increase in postural sway (O'Brien et all997). This can be
seen in the two photos of a 98-year-old man taken only moments
apart (Fig. 15.1). The postural control mechanisms produce minor
shifts in weight in order to avoid fatigue, excessive tissue compres
sion and venous stasis (Soderberg 1986). Hence, a photographic
assessment of posture represents a fixed instant of a postural set.
Thus, posture is actually a relative condition requiring full body inte
gration and both static and dynamic balance control, as shown in
Fig. 15.2.

Multiple factors are involved in common age-related postural
changes. These factors may be pathological, degenerative or trau
matic, or may result from primary musculoskeletal changes, primary
neurological changes or a combination of diminutions in the neuro
musculoskeletal system.

Degenerative joint disease is a common age-related pathology
involving bony and joint surface changes (see Chapters 20, 25 and
26). The osteophytes that result from arthritis may prevent normal
joint motion, cause pain and possibly encroach on nerves with a
subsequent radiculopathy that includes muscle weakness and imbal
ance. Postural adjustments may be the result of attempts to unload
weight from an osteophyte in order to reduce pain or to accommo
date a radiculopathy (Kauffman 1987).

AXIAL AND APPENDICULAR SKELETAL
CHANGES

The common age-associated postural changes in the axial skeleton
and their clinical implications are enumerated in Table 15.1 and may
be seen in Figures 15.3 and 15.4. The idiosyncratic effects of 20 years
of aging can be seen by comparing the images of the 78-year-old man
in Figures 15.3Band 15.4Bwith the photographs in Figures 15.1 and
15.5, which were taken when the man was 98 years old. In the lateral
view, note the large increases in trunk kyphosis and hip flexion. By
comparing images of the posterior view at different ages (Fig. 15.4B
and Fig. 15.5), the kyphoscoliosis with upper extremity extension,
increased hip and knee flexion and loss of muscle mass in all four
extremities and trunk are evident. A different individual, aged 93
years and shown in Figure 15.3C, also demonstrates extension of the
upper extremities. The 98-year-old man's postural set (Figs 15.1 and
15.5) may be affected by his chief musculoskeletal complaints of
right hip pain and decreased sensation and strength in the lower
extremities. He lives in assisted living and uses a wheeled walker for
most ambulation.

It is important to note that not all of these changes should be clas
sified as being faulty or abnormal. Some of the adjustments may be
normal compensatory changes resulting from other neuromuscu
loskeletal alterations in the spine, extremities or central control
mechanisms. For example, the head-forward position, especially
when there is an increased extension of the upper cervical spine, may
be the result of the body's attempts to counter a dorsal kyphosis
caused by wedged thoracic vertebrae.

The effect of osteoporosis in the vertebrae on posture and vice
versa is profound, with an abundance of recognized fractures, silent
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Figure 15.1 (Aand BI This 98-year-old man's posture shows a subtle shift of the hands forward, trunk and head more erect and right
greattoe extension. The photos were taken less than 1s apart.

or no-known-antecedent-event fractures and microfractures (see
Chapters 19 and 62 for more detail).

Spinal spondylosis is found in the vast majority of people by the
age of 55 (Badley 1987). This may include deterioration of the spinal

facet joints, loss of vertebral height, narrowing of the spinal canal or
neural foramina, loss of intervertebral disk space, anterior lipping,
formation of bony bridges and calcification of the periarticular con
nective tissue. Clinically, these changes may cause pain and reduction
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Figure 15.2 Factors affecting posture and falls. Multiple interactive forces govern
static posture and dynamic balance. eNS, central nervous system; BP, blood pressure.
From Kauffman 1990, with permission.

Table 15.1 Age-associated postural axial skeletal changes
and their clinical implications

age-associated extremity changes and clinical implications are enu
merated in Table 15.2and may be seen in Figures 15.3and 15.4.

Axial skeletal changes

Head forward

Dorsal kyphosis

Flat lumbar spine

Occasional kyphosis
of lumbar spine

Increased lordosis
(least common)

Posterior pelvic tilt

Scoliosis

Clinical implications

Shifts center of mass forward; may increase
dizziness because of a compromised
basilar artery

Reduces trunkmotions for breathing and
motor responses; encourages scapular
protraction; may provoke shoulder
pathologies

Reduces trunk/hip extension for gait strides

Results from compression of vertebral
bodies; not reversible

Results in tightness of trunk/hip extensors;
weakened abdominals

Results from prolonged sitting; reduces
trunk/hip extension for gait strides

Mayalterbalance, breathing and extremity
motions

SOFT TISSUE

Postural changes caused by soft-tissue alterations may be a result of
previous injuries that have lengthened or tightened tendons, liga
ments and joint capsules. Collagen is a major component of skin, ten
dons, cartilage and connective tissue and it may become increasingly
stiff because of cross-linkage between collagen fibers. Elastin is
another major fibrous component of connective tissue that is found
in the skin, ligaments, blood vessels and lungs. With increasing age,
elastin is supplanted by pseudoelastin, which is a partially degraded
collagen or faulty elastin protein (Hall 1985).

Additional soft-tissue changes that may lead to postural alter
ations can be found in the muscle. The muscle length may be
increased or decreased. There is a loss of muscle fibers, which is likely
to result in reduced strength. The type I and type II muscle fiber
relationship may be altered, which can influence postural control
responses and mechanisms. In addition, there is an increase in non
contractile tissue because of the deposition of fat and collagen, which
causes the muscle to become increasingly stiff. Muscle tone may
increase, decrease or vary because of changes in nervous system con
trol. A more extensive discussion of these nervous system changes
may be found in Chapter 5.

in spinal motions, especially the subtle rotation motions involved in
segmental rolling and the normal reciprocal pattern of the extremities
in normal gait. The sit-to-stand motion may be more difficult because
of the loss of coordinated spine flexion and extension.

In the appendicular skeleton, numerous combinations of changes
occur as a result of a lifetime of wear and tear, habit, trauma and
pathology in the neuromusculoskeletal system. These changes result
in the unique postural features of aging individuals. The common

CLINICAL CONSIDERATIONS

In the geriatric population, posture should be assessed not only in
the standing and sitting positions but also in bed, especially in a
patient who is confined to bed because of an injury or illness. It is
particularly important to prevent pressure areas, and special care
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Figure 15.3 Lateral posture of (A) a 60-year-old man; (B) a 78-year-old man; and (C) a 93-year-old man.

should be taken to avoid muscle imbalances resulting from pro
longed positioning. Areas of particular importance are the triceps
surae, hip and knee flexors, and hip abductors and adductors, espe
cially after hip surgery. It is common for the patient to assume a
supine but side-bent posture that may lead to muscle imbalance.
The patient who side-bends toward the operative side will suffer a
contralateral hip abductor lengthening and an ipsilateral hip abduc
tor shortening. The converse is true for the patient who side-bends
away from the operative side. These muscle imbalances will become
significant during rehabilitation when the patient attempts to regain
independent ambulation and they may contribute to a Trendelenburg
gait (see Chapter 16for further discussion of muscle lengthening and
the concept of stretch-weakness changes).

Ryan and Fried (1997) studied the relationship between moderate
to severe kyphosis and physical performance in 231 community

dwellers between the ages of 59 and 89. Kyphosis was associated
with slower speeds of gait and stair climbing and difficulties with
reaching or heavy lifting. Sinaki et al (2005) reported that commu
nity dwelling females with osteoporotic-related kyphosis had
reduced anteroposterior displacement and velocity and increased
mediolateral displacement and velocity on a balance force platform
when compared with slightly younger healthy control subjects. The
kyphotic subjects also had greater balance abnormalities when
measured on posturography.

Hyperkyphosis measured in the supine position in 1578 older
community dwelling males and females was significantly associated
in a stepwise manner with declining self-reported function for bend
ing, walking, climbing and rising from a chair. Grip strength was
also significantly associated with this postural change; the greater
the kyphosis, the less the strength. Based on their technique of
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Figure 15.4 Posterior posture of (A) a 60-year-old man; (B) a 78-year-old man; and (e) a 93-year-old man.

measuring kyphosis, by placing blocks behind the head to achieve a
neutral position, they found that males were approximately twice as
likely to be classified as hyperkyphotic than females (Kado et al
2005).

Brown et al (1995) demonstrated the important relationship
between the strength of postural muscles in the lower extremities
and functional tasks including walking, stair climbing and getting
up from a chair. Weakness of calf muscles coupled with insufficient
strength of the scapulothoracic stabilizers can contribute to increased
kyphotic posture and loss of balance, especially when reaching for
ward with the upper extremities.

Menz and Munteanu (2005) established the validity of the foot
posture index in older people (mean age 78.6 years). The index
involves postural assessment in the relaxed bipedal stance position

of the following eight criteria: talar head, malleolar position,
Helbing's sign (the angle of the Achilles tendon insertion to the cal
caneus), frontal plane of the calcaneus, position of the talonavicular
joint, the medial longitudinal arch, lateral border of the foot and
abduction/adduction of the rear or forefoot. Menz et al (2005)
reported significant associations between the foot posture index and
walking speed and balance impairments.

Clinical intervention should be undertaken in the case of postural
changes if they cause pain, impair function or are likely to lead
to future impairment. Typical interventions are listed in Box 15.1.
These clinical interventions are not listed in order of importance.
One or all of the interventions may be appropriate, depending upon
the clinical assessment and the individual patient's condition and
prognosis.
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Table 15.2 Age-associated postural extremity changes and
their clinical implications

Extremity skeletal changes

Scapular protraction or
abduction

Tightness/contractures in
elbow flexion, wristulnar
deviation, finger flexion

Hip flexion contractures
(loss of hip extension to
neutral or0·)

Knee flexion contractures
(loss of knee extension to
neutral or0·)

Varus/valgus changes at hip,
knee, ankle

Clinical implications

Alters normal scapulohumeral rhythm,
leading to painful shoulder conditions

Reduces reach and hand function

Reduces stride length; may increase
energy cost of mobility and may
increase postural control
requirements, especially if change is
unilateral

Reduces stride length and gait push
off; may increase energy cost of
mobility and may increase postural
control requirements, especially if
change isunilateral

Reduces stride length and gait push
off; may increase energy cost of
mobility and may increase postural
control requirements especially if
change isunilateral. Usually isa
cause of pain because of mechanical
deformation and strain on
musculoskeletal tissues

Figure 15.5 Postural changes are quite evident in this 98-year-old
man when compared with his posture 20years earlier(Fig. 15.48).
This degree of change is unique to this individual but is common in
aging individuals. Note the kyphoscoliosis with extension of the
upper extremities, increased hip and knee flexion and loss of muscle
mass in all four extremities and trunk.

Box 15.1 CllnlCllI Interventions for postul'll changes
CIlusing pain or dysfunction

1. Brace, support, immobilize, protect
2. Heat, cold, electrical stimulation
3. Therapeutic exercise to enhance functional muscle

strength,tone, length,coordination, andbalance between
agonist and antagonist

4. Medications
5. Surgery

CONCLUSION

It is crucial to note that postural changes occur with increasing age
and their characteristics are unique to each individual. Although not
present in a young healthy adult, the new traits are not necessarily
faulty. As noted above, they may indicate normal compensation for
a degradation in the neuromusculoskeletal alignment or a loss of
control of any of its component parts. Many of these changes have
taken place slowly over decades and may not be ameliorated easily,
if at all.
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INTRODUCTION

The term 'sarcopenia' has been coined to describe the less than normal
strength of muscle and diminished muscle mass that is associated
with aging. Weakness has long been connected with aging; however,
the role of muscle involves more than just providing strength.
Muscle is involved with movement, which is crucial for joint nutri
tion as well as for cardiopulmonary health. Also, muscle is related to
the circulatory system, as smooth muscle supports the walls of arter
ies and skeletal muscle is involved in the return of venous blood.
Muscle is also involved in bone health and density. It also provides
impetus to the nervous system, as primary sensory fibers of the mus
cle spindle respond to muscle stretching. A principal source of body
heat comes from muscle and, additionally, it provides a cushion of
compressible tissue that helps to absorb impact in the event of trauma
(Wagner & Kauffman 2001).

DEFINITIONS

Muscle is principally noted for its roles in strength and movement.
Strength may be defined as the tension that is generated by contract
ing muscle and is best expressed as a force. Torque, a result of angu
lar displacement, is the product of force and the perpendicular
distance from the line of the force's action to the axis of rotation.
Time is also a consideration for the tension that is generated and thus
should be considered muscle power.

The generation of muscle tension is determined largely by the
cross-sectional area of the muscle and the recruitment of motor units

(Fiatarone-Singh 2004). Other biomechanical factors, such as muscle
length and angle of displacement, and physiological factors, such as
metabolism and muscle fiber type, also influence strength. Insufficient
strength to perform a functional motor task should be considered
weakness.

There are various types of muscle contractions. When there is no
change in muscle length, a static contraction occurs, which is also
referred to as isometric (same length). Dynamic contractions are a
lengthening or shortening of a muscle, also called eccentric and con
centric contractions respectively. Isotonic (same tone) contractions
involve movement of a constant weight through a motion. Normally,
raising a weight is a concentric contraction and lowering it is an
eccentric contraction. When a mechanical device resists the tension
generated by the contracting muscle, thereby controlling the speed of
the limb's movement, an isokinetic (same speed) contraction occurs.
lsokinetic devices are essential for assessing torque at various speeds,
which is clinically important because of the age-related loss of fast
twitch type II muscle fibers. This loss is one of several factors that
probably contribute to the increasing inability to recover from a
stumble, which results in an increased risk of injury.

ASSESSMENT

Assessment of muscle strength can be performed using a manual
muscle test (MMT). Although the MMT is an ordinal scale measure
ment, it is invaluable because it can be performed in nearly every
treatment setting. When using the MMT, it is crucial to specify the
type of contraction being performed. The original MMT was
designed to be an assessment of strength throughout the available
range of motion (ROM), but it has been modified in many circum
stances to a 'make' test, in which the patient performs an isometric
contraction at a specific joint position. Modification of the MMT may
be especially necessary for aging patients (Ian et al 2(05) and others
who have painful arcs or restrictions in motion (Kauffman 1982).
When measuring plantar flexor strength in the weight-bearing posi
tion on one leg, Jan et al (2005)found that men and women between
61 and 80 years of age were able to heel raise a mean of 4.1 and 2.7
times respectively. Men and women aged between 21 and 40 years
were able to perform 22.1 and 16.1 repetitions respectively. Clarity in
documentation is enhanced when these specifics (type of test and
position) are recorded.

In contrast, a 'break' test is used when the patient is asked to hold
the joint in a specific position and the evaluator attempts to break the
tension that is generated. This changes it from an isometric to an



108 MUSCULOSKELETAL DISORDERS

eccentric contraction. It should be noted that in healthy muscle, the
highest tension is generated with an eccentric contraction followed
by an isometric contraction, and the least tension is generated with
an isotonic contraction. As noted above, lowering a weight is an iso
tonic eccentric contraction and may be a helpful technique for
strength-training patients. For example, lowering a flexed upper
extremity that is weight-loaded may be effective for increasing the
strength of the lower trapezius, rhomboids and deltoids.

Caution should be used when attempting to measure strength
with the MMT in aging individuals because of the frequent necessity
of modifying the test positions. In the aging patient, the test positions
as enumerated in the standard manuals may have to be modified
because of injury or disease. Also, a more functional position may be
necessary because areas of weakness may be found only in certain
positions of the joint's ROM. These areas of weakness may be the
result of joint-surface irregularities or changes in periarticular con
nective tissue and muscle length.

Hand-held and isokinetic dynamometers are very useful for
assessing strength. Caution must be used to avoid pain in and injury
to swollen areas and ulcerated or atrophied skin; the verbal extolling
that frequently accompanies this testing may have to be restrained.
Also, a greater risk of joint injury because of age-related changes in
periarticular connective tissue (see Chapters 4 and 63) should be
considered when dynamometers are being used (Wagner &
Kauffman 2001).

Another strength-assessment technique that is gaining popularity
is the 1RM or 10RM technique. The 'RM' stands for repetition max
imum: a 1RM test measures the maximal weight (dynamic and iso
tonic) that can be moved through the ROM once, and 10RM is the
maximal weight that can be moved 10 times. Some guessing must be
involved in determining the starting test weight, which may be too
heavy or too light, and weight adjustments must be made accordingly.
These techniques are safe for older patients but caution must be used
during testing. Preexisting joint pathologies or limitations should be
considered and the Valsalva maneuver should be avoided (Di Fabio
2(01). Manor et al (2006) reported another method of assessing
strength (and really power and endurance) by using elastic bands
and recording the number of complete repetitions of the joint motion
that can be achieved in 30seconds. They found that the elastic band
technique was significantly correlated with a 30-second test using
dumb-bells and with maximal isokinetic torque.

Perhaps more important than a frank measurement of the force of
a muscle contraction is a functional assessment of motor perform
ance, such as the ability to ascend and descend a flight of steps or to
raise a I-kg (2-lb) can of food onto the second shelf of a cupboard.
Noting that a patient was able to ascend six steps before catching a
toe or failing to elevate the lower extremity would be a functional
parameter of muscle performance. Endurance is an important con
sideration, too, especially as it relates to functional outcomes. It is
one factor in the 10RM test and is frequently measured with
isokinetic devices. In activities of daily living, endurance is always a
consideration; for example, carrying a full 'l-gallon jug [81b (3.6kg)]
of water from the refrigerator to the kitchen table requires muscular
strength and endurance (Wagner & Kauffman 2001).

STRENGTH TRAINING

Strength-training research since the early 19805has shown that the
potential to increase strength is maintained in older people
(Kauffman 1985). The benefits of strength training with isometric, iso
tonic and isokinetic routines have been shown (Wagner & Kauffman
2001, Dodd et al 2004). Simple calisthenics without the use of

machines are efficacious (Fiatarone-Singh 2002). Hypertrophy occurs
even in individuals aged 90 years and above, although hypertrophy
itself is not necessarily a primary objective of care; however, as noted
above, muscle mass does act as a shock absorber. Functional out
comes are related to strength and motor performance and should be
the objective of rehabilitation.

Newman and associates (2006)reported that grip strength and iso
kinetic quadriceps strength were strongly related to mortality in the
Health, Aging and Body Composition Study but that muscle size was
not. Exactly how strength and mortality are associated is unclear but
these researchers suggested that the assessment of strength may
measure other important aspects of the aging process. It is possible
that hormonal factors related to strength, such as testosterone and
insulin-like growth factor (IGF), may contribute to the strength-mor
tality association (see comments below under Special considerations
post-stroke) (Vaynman & Gomez-Pinilla 2(05).

For excellent reviews of the benefits of therapeutic exercise on dis
eases, disability, performance and longevity see Barry and Carson
(2004) and Fiatarone-Singh (2002,2004).

Modifying strength training
--'=------=----------

When planning a strength-training routine for geriatric patients, it is
crucial to consider the need to modify the training regimen in order
to accommodate pathology in the cardiopulmonary and cardiovas
cular systems as well as in the neuromusculoskeletal system.
Guidelines for exercise in patients with heart disease are presented in
Chapter 41. The aging individual is more susceptible to skin tears as
well as injuries to muscles, joints and ligaments; however, injuries can
be minimized with the use of individualized and sound exercise
techniques (Dodd et al 2004). Fatigue, poor physical work capacity
and deconditioning are important considerations, especially in the
frail elderly who have multiple diagnoses. The Valsalva maneuver
must be avoided. Isometric exercises are safe, provided that the hold
time is no more than 5-10s, the standard isometric contraction.
Blood pressure has been shown to be adversely affected by isometric
contractions longer than 30s in duration.

Aging patients who need an exercise program benefit from individ
ualized instruction that is tailored to meet functional goals. Some
individuals are fully cognitive and capable of engaging in standard
strengthening and fitness exercises. Others do not have the same
physical, cognitive or communicative abilities and, to be effective,
the exercise program must be modified.

Monitoring response to exercise is requisite. This is achieved by
observing and recording pulse rate, respiratory rate, perceived exer
tion and quality of movement. For example, asynchronous muscle
contractions or obtaining full ROMfor only the first six repetitions and
not all 10 would be indicative of low quality of movement.

Blood pressure should be taken before, during and after exercise,
especially in patients with known or suspected cardiovascular, car
diopulmonary or cerebrovascular disease. However, the repeated
measurements with the use of a sphygmomanometer can become
cumbersome in busy outpatient clinics and in home healthcare. An
oxygen pulsimeter is used to measure oxygen levels and may be
helpful for establishing safe exercise parameters. Clinically, the talk
test is beneficial (Hourigan 2004). This is a simple safeguard that
avoids overloading patients beyond capability by talking with
them during the exercise routine. When overexercised, the patient
will become dyspneic and be unable to talk in two- to three-word
sentences.

Postexercise hypotension is a concern in patients who experience
lightheadedness or near-syncope, especially after endurance train
ing. In these cases, further workup is necessary to rule out cardiac,



cardiopulmonary or other potential causes of the problem. These
symptoms may result from carotid sinus hypersensitivity when the
pulse is taken at the carotid artery. Compression at the carotid sinus
may send impulses to the vasomotor and cardioinhibitory centers in
the medulla resulting in hypotension (Ziegelstein 2004).

Training considerations
The overload principle is necessary but care must be taken to avoid
excessive overload (Merck Manual ofGeriatrics 2000,Hourigan 2004).
Some patients with cognitive or communicative difficulties may
benefit from gestures or ROM exercises, including passive, active
assistive, active and resistive exercises, as well as proprioceptive
neuromuscular facilitation. Physical contact may assist not only in
attaining a desired movement but also in establishing a trusting rap
port between patient and care provider, Also, the benefit of sensory
stimulation to muscle activation has been recognized, especially in
work with children and individuals with neurological conditions.

With a weight-training technique, it is common to start the thera
peutic exercise routine with five to six contractions, using only 50%
of the maximal voluntary contraction (MVC).Successive sets of five
to six repetitions are performed using 60%, 70% and 80% of the
MVC. The same technique of progressive resistive exercise may be
done after a strength assessment with a hand-held dynamometer.

Functional activities done repeatedly, such as sit-to-stand 10 times,
will not only strengthen muscles but also enhance coordination,
endurance and motor learning (Hourigan 2004). Neural adaptations will
occur in the motor cortexand in the spinal level that facilitatesactivation
of individual muscles and coordinates groups of muscles (Barry &
Carson 2004). Practiceis important for skill acquisition (seeChapter 5).

Some patients have pathologies, for example chronic obstructive
pulmonary disease, or are too deconditioned to effectively undergo
typical exercise routines (Merck Manual of Geriatrics 2000) such as pro
gressive resistive exercise and standard weight-loading programs;
however, they may benefit from a graded circuit routine using a
combination of chair exercises and, if possible, ambulatory activities.
For example, with supervision, a patient may perform bilateral
shoulder flexion 10 times followed by 10 repetitions of long-arc
quads, two repetitions of sit-to-stand and 10 repetitions of hip flex
ion. Pulse rate should be monitored before and after exercise, and the
talk test may also be employed. The speed and number of repetitions
of these simple exercises can be increased or decreased according to
the patient's response to exercise. Walking exercises can also be
added. Some individuals may only be able to exercise for 1min with
this type of circuit routine, whereas others may be able to advance to
3-4 min. A rest of 1-5 min should be taken before repeating the rou
tine. It is safe to start the routine again when the pulse rate has
returned to the pre-exercise level. Sample circuit exercises are pro
vided in Box 16.1.

Exercise machines clearly have benefits for some patients (Merck
Manual of Geriatrics 2000). Weight-training units, bicycles, stair-step
pers and rowing machines are all beneficial. As mentioned above,
simple calisthenics and walking are mainstays in the exercise arma
mentarium for aging patients. Use of low weights at the ankles and
wrists can increase the physical work carried out during simple walk
ing exercises. Aquatic exercise is excellent for strengthening, condi
tioning and balance retraining especially after joint replacement, back
surgery or in those with painful arthritic joints (see Chapter 73).

Special considerations post stroke
----_._-------

In a study performed by Mount et al (2005), it was found that
individuals older than 50 years of age who had had a stroke more
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Box 18.1 Sample circuit exercises for the severely
deconditioned or c:h.irbound patient

1. Check pre-exercise pulse, respiratory rate orpulse oximetry.
2. Raise both arms over head 10 times.
3. Straighten each knee 10 times (alternate sides).
4. Abduct both arms 10 times.
5. Flex each hip 10 times.
6. Repeat above routine or expand to additional exercises,

if possible. such as wheelchair push-ups; elbow flexionl
extension; sit-to-stand; shoulder shrugs; gluteal squeezes;
deep inspiration and forced exhalation; resistive exercise
with or without elastic tubing; and walking. Length of
exercise should vary based onthepatient's abilityand lim
itations. These more exertional exercises are best performed
after the easier warm-up exercises in 2 to 5.

7. Check postexercise pulse. respiration rate orpulse oximetry.
8. Rest until heart rate returns to approximately pre-exercise

rate, then repeat the routine, if appropriate.

than 6 months previously could make improvements by undertaking
balance and functional activities. This case study consisted of four
subjects who underwent a balance intervention twice a week for
eight weeks. Activities varied from a warm-up, including stretches
and yoga-like poses, to dynamic gait and Theraball" exercises. Each
class lasted approximately 1h. All subjects were assessed using
the Berg Balance Scale (BBS) and Performance Oriented Mobility
Assessment (POMA), before and after intervention. All four subjects
made gains in their functional balance as measured by these two
assessment tools. This study illustrates that gains can be made after
a traditional course of therapy. Further research is needed to deter
mine the effect of this class in improving functional balance and
decreasing the risklincidence of falls.

Vaynman and Gomez-Pinilla (2005) reported that exercise has bene
ficialeffectson the central nervous system by increasing regional blood
supply and by the actions of trophic factors like IGFand brain-derived
neurotrophic factor (BDNF). These factors promote neuronal and
synaptic plasticity especially in the hippocampus which is crucially
involved in learning and memory. Exercise three or more times weekly
has been shown to delay the onset of dementia and to demonstrate
benefits in physical performance and cognition (Larson et aI2006).

Cancer
Galvao and Newton (2005) reviewed 26 published studies of
exercise interventions for patients with breast, stomach, prostate, col
orectal, Hodgkin's and non-Hodgkin's cancers. Exercises included
cardiovascular, resistance and flexibility activities. The benefits were
dose dependent, but overall improvements were found in strength,
oxygen consumption, flexibility, fatigue and psychological well-being.

WHEN STRENGTH TRAINING IS NOT
EFFECTIVE

When an aging patient is undergoing a strength-training routine but
there is no marked improvement in strength, a number of factors
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may be involved in reducing the patient's potential to improve mus
cular performance. First, adequate nutrition is critical. Sufficient
calorie and protein intake is necessary if any exercise routine is to be
performed. However, malnutrition is common among the elderly;
frequently, ill health precedes it. Decreased physical activity may also
contribute to malnutrition, and bereavement, depression, dementia
and living alone are all factors that can result in a decreased appetite.
Changes in the gastrointestinal tract (see Chapter 8) and medications
may also diminish food and fluid intake. Vitamin 0 deficiency is a
factor in osteoporosis that can contribute to back pain and subse
quent weakness.

Second, dehydration is an important consideration when conduct
ing exercises with patients, especially in the home-health setting.
Adequate hydration is a concern not only during hot humid months
but also during cold dry periods. Dehydration can alter mental status
and thus decrease receptiveness to exercise. Lightheadedness, syncope
and orthostatic hypotension may also present as findings in the dehy
drated elderly patient.

The use of statins for hypercholesterolemia may cause muscle
complaints such as weakness, myalgia, myositis and even rhab
domyolysis. The last two conditions can be very serious and rhab
domyolysis can even be fatal (Thompson et al 2(03). Other factors
that may limit muscle responses to exercise include poorly oxy
genated blood resulting from chronic lung disease and faulty or
reduced cardiac responses. Beta blockers and pacemakers often
reduce the ability of the heart to respond to the increased demands
from exercise, thereby circumscribing the effects of exercise (see
Chapters 6, 7, 41 and 45 for more complete details).

Blood chemistry imbalances
Iron deficiency anemia is not likely to occur in aging individuals
with a sensible, balanced diet; however, it may be found in those
with neoplasms and gastrointestinal bleeding. This may manifest as
decreased hemoglobin or hematocrit levels in the blood chemistry,and
the patient may present with fatigue and weakness.

Magnesium is a mineral that is important for normal muscle con
traction, and a deficiency is commonly found with low serum levels
of calcium, potassium and phosphate. Hypomagnesemia is associ
ated with muscle excitability, hyperreflexia, tetany, seizures, ataxia,
tremors and weakness (Merck Manual ofGeriatrics 2(00).

Faulty calcium regulation may also contribute to changes in mus
cle performance. Hypercalcemia is often associated with primary
hyperparathyroidism but may also be found after immobilization in
patients with Paget's disease or with malignancies with bone metas
tases. The elevated calcium levels depress nervous system responses
and muscle actions become sluggish and weak (Merck Manual of
Geriatrics 2(00). Hypocalcemia is caused by low serum calcium or
low extracellular fluid concentration of calcium ions. It is associated
with hypoparathyroidism, renal disease and vitamin D deficiency
(Anderson & Xu 2(05). This may increase the excitability of the neu
ronal membrane leading to spontaneous discharging and tetany
contractions, possibly manifesting as carpopedal spasm. Trousseau's
sign is an evaluative procedure used to determine the presence of
tetany from hypocalcemia by inducing carpopedal spasm 3--4min
after reducing blood flow to the hand with the use of a tourniquet or
blood pressure cuff on the arm (Urbano 2(00). Carpopedal spasm is a
condition usually found in confused, aging individuals. It manifests
as hyperflexion at the wrist and the metacarpal phalangeal and prox
imal interphalangeal joints on the third to the fifth fingers (Fig.16.1).
The distal interphalangeal joints of these three fingers are commonly
hyperextended as they come into contact with the palm. The thumb
and the index finger are usually in opposition and pointing. This

Figure 16.1 Carpopedal spasm manifests with hyperflexion at the
wrist and at the metacarpal phalangeal and proximal joints of the
third to fifth fingers.

condition can lead to tissue maceration and ulceration of the palm
and the hands.

Reversal of Trousseau's sign is simple but treatment of longstand
ing carpopedal spasm is frustrating and often not effective. The goal
is to prevent further injury. ROM exercises, in or out of water, may be
helpful. Use of padding, washcloths or finger spreaders may be tried.
Splinting and electrical stimulation to the wrist and finger extensors
may be considered.

Hypokalemic myopathy results from decreased serum potassium,
which is often secondary to the chronic use of diuretics. Muscle
weakness develops slowly over days to weeks and may be the result
of hyperpolarization of nerves and muscles, or tetany.

Hypophosphatemia is a low serum phosphate level. Phosphate is
normally stored in bone as hydroxyapatite and contributes to energy
metabolism and cell membrane function and regulation. Phosphate
loss may lead to muscle weakness.

Hyponatremia is decreased serum sodium and excess water rela
tive to the sodium. It is common in patients suffering from diarrhea,
vomiting or suctioning. Use of diuretics may alsocontribute to this
condition. Hyponatremia may present with fatigue, muscle cramps
and depressed deep-tendon reflexes. Hypematremia is an increased
serum sodium; it may present with symptoms of weakness, lethargy
and orthostatic hypotension (Merck Manual ofGeriatrics 20(0).

Hormonal imbalances
Hyperthyroidism can cause acute myopathy in elderly patients
(Anderson & Xu 2(05). It may also cause myokymia, which is a con
tinuous quivering or undulating muscle movement. Proximal limb
muscle weakness and muscle fatigue may be present.

Hypothyroidism may present with impaired energy metabolism
within muscles and decreased contractile force (Anderson & Xu 2(05).
Fatigue, muscle weakness and muscle cramps may be seen, resulting
from impaired calcium uptake by the sarcoplasmic reticulum.

Prolonged use of corticosteroids in chemotherapy or in conditions
such as myasthenia gravis or Cushing's disease may cause a corticos
teroid myopathy. Muscle atrophy may be present and may involve
most skeletal muscles, but weakness usually occurs first in the hip
and quadriceps muscles. Mild aching in the muscles is not uncom
mon (Merck Manual ofGeriatrics 2(00).
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Asthenia
Asthenia is an ill-defined condition characterized by generalized
weakness and usually involving mental and physical fatigue. The
patient undergoing radiation therapy or chemotherapy may suffer
from asthenia and thus may not tolerate the rigors of rehabilitation as
defined by the Medicaresystem (twice-a-day treatments as inpatients
in rehabilitation units or a minimum of three times a week in the
home or outpatient setting). Other factors that may contribute to
asthenia include anemia, malnutrition, infection, metabolic disor
ders and the use of medications such as methyldopa (Aldomet),
Bactrim, Cardizem (Diltiazem),dexamethasone (Decadron),Donnatal,
amitriptyline (Elavil), propranolol (Inderal), digoxin (Lanoxin),meto
prolol (Lopressor), Novahistine, promethazine (Phenergan), Relafen
(Naburnetone), co-careldopa (Sinemet) and alprazolam (Xanax).
Asthenia is a factor in the rehabilitation of many frail patients.

Frailty is an emerging syndrome indicating decreased resilience
and attenuated reserves. It involves multiple systems and causes a
negative energy balance,sarcopenia, weakness and reduced tolerance
to exertion. Frailty also features exhaustion, weight loss, weak grip
strength, slow walking speed and low energy expenditure (Bandeen
Roche et al2(06). It represents multiple and aggregate diminutions in
molecular, cellular and physiological systems.

STRETCH WEAKNESS

Stretch weakness is a theoretical construct for the clinical problem
that results when a muscle remains in one position for a prolonged
time (Kendall & McCreary 1983). This is in contrast to the increased
tension that is generated by brief quick stretches, such as those that
occur with manual stretches or polymetrics. It is thought that weak
ness manifests as the muscle remains elongated beyond its neutral
physiological resting length (Gossman et alI982). The exact physiol
ogy and morphology are not clearly known and the concept is not
universally accepted; however, it remains a tenable theory.

Stretch weakness is caused by a combination of factors including
change in sarcomere length and number, length of noncontractile
musculotendinous structures, muscle spindle bias, joint structure

and ROM, neural input including excitability of spinal motoneu
ronal pools (Barry & Carson 2004), habitual postures, gravity and
pain. Often, a muscle imbalance between agonist and antagonist
results. It is unclear how long it takes for these changes to occur in
aging individuals but it is most likely gradual over months and
years unless paralysis or surgery is involved. Rassier et al (1999)
reported that, in laboratory animals (rabbits), significant increases in
sarcomere numbers, which altered the shape of the length-tension
curve, were found only 8 weeks after surgical release. A newer
hypothesis is that the muscle weakness may be due to damage
resulting from the stretching of muscles during contraction or from
prolonged physical activity such as walking downhill for 2h. The
stretch-induced damage to muscle is more severe in aged animals
and may contribute to the decline in muscle function in aging
humans. The weakness in stretch-damaged muscle may be partially
a result of altered function of the sarcoplasmic reticulum (Allen et al
2(05). In addition, the intersarcomere dynamics and, especially, the
passive viscoelastic element (which contributes to overall tension
generation) may be altered (Telleyet aI2(03).

In humans, applying the classicallength-tension curve concept is dif
ficult because of the changing joint movements and the line of action of
the muscle. It is important to recognize that force-length properties can
and will adapt to the functional requirements imposed on the muscle
(Rassieret all999).

The chronically shortened muscle will lose sarcomeres over time,
which will decrease muscle resting length. The shortened muscle will
have a leftward shift on the length-tension curve. On the other hand,
the chronically lengthened, or elongated, muscle will have an
increase in the number of sarcomeres. This will increase the resting
length of muscle, and shift the length-tension curve to the right
(Gossman et alI982). These shifts indicate that, in the shortened mus
cle, the tension generated is greater in the shortened range and in the
elongated muscle, tension is greater in the longer range, which may
be beyond normal postural alignment.

Stretch weakness is commonly seen in postural malalignment
and is often associated with arthritic and osteoporotic changes, as
can be seen in Table 16.1.As noted by Gossman et al (1982), the habit
ually or posturally elongated muscle may test stronger at its new
lengthened position but weaker in its more normal resting or pos
tural position.

Table 16.1 Common areas of stretch weakness

Muscles involved Contributing factorsand manifestations Related conditions

Scapular retractors
or adductors

Prolonged sitting; dorsal kyphosis and head forward Shoulder dysfunction, DJD, vertebral collapse, rib fracture

Gluteus maximus Prolonged sitting; flat or kyphotic lumbar spine, loss
of erect bipedal posture

Spinal DJD, vertebral collapse, hip DJD

Heel-cord shortening, gait/balance disturbance

Scoliosis, leg-length shortening, hip DJD

Faulty postural control, vertebral collapse

DJD

Prolonged sitting;loss of erect posture, dorsal kyphosis

Prolonged sitting;loss of erectposture, extensor lagat
full knee extension

Hipfracture; trunkside-bent in bed, compensated or
uncompensated gluteus medius limp

Prolonged sitting or bedrest with feet resting in
plantar flexion position; no heel strike or poor
clearance of toes during swing phase of gait

Ankle dorsiflexors

Gluteus medius

Trunk extensors
"------=:-.._-=.:.-_-_..:-._.:-.-_--=-:_---_=--:-_-_-:.._-_--:-_----

Knee extensors

DJD, degenerative joint disease.
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The risk of prolonged sitting
An example of stretch weakness is seen in the patient who spends an
excessive amount of time sitting in a chair, possibly even sleeping in
the chair at night. This posture, involving hip, knee and trunk flex
ion, is likely to lead to increased resting-muscle length of the trunk
extensors, knee vastus muscles and the hip extensors. Additionally,
periarticular connective tissue may shorten anteriorly at the hip and
posteriorly at the knee. Bony and cartilaginous changes may also
occur at these joints and in the connective tissue. Full joint ROM is
needed in order for proper nutrition to occur and, therefore, a per
son's inability to move through full ROM decreases joint nutrition.

Typically, a patient in this circumstance stands with hips and knees
flexed, a position that has a higher energy cost than normal erect pos
ture with a 0° extension at the hips and knees. When tested in the
seated position for hip extension, strength on the MMT is likely to reg
ister in the good (4 out of 5) range. However, if the patient is placed
prone, the standard test position, the stretch-weakened hip extensors
are in a shortened position and are likely to grade in the fair (3 out of
5) range. The same may be found in knee extension: that is, good
strength in the midrange and fair strength at terminal extension. An
extensor lag may be present. Some patients are capable of performing
a locking isometric muscle contraction, which grades as good (4 out
of 5) or even normal (5 out of 5), but dynamic contraction in the ter
minal range may reveal less than good strength.

The risk of flexed posture
A flexed posture frequently occurs in aging individuals, showing the
characteristic thoracic kyphosis, forward head and hip/knee flexion
in more severe cases. Individuals with the flexed posture generally
display muscle imbalances of spine extensors, ankle plantar flexors
and dorsiflexors. These muscles along with the pectoralis major /
minor and the hip flexors are also involved in more severe cases of
flexed posture. The change in strength and ROM can lead to further
disturbances with gait such as decreased velocity, increased base of
support and reduced stride length and cadence. Abnormal loading
of these joints can also lead to articular degeneration (Balzini et al
2(03). Compression fractures of thoracic vertebrae also have a nega
tive effect on respiratory capacity as noted in Chapter 19 (also see
Chapters 15 and 62).

Treatment considerations for stretch weakness
Treatment should be directed toward (i) improving muscle strength
throughout the joint's ROM, especially working the stretch
weakened muscles in the functionally appropriate physiological
range; (ii) creating greater physiological balance between agonists
and antagonists; (iii) achieving closer to normal postural alignment,
both resting and active; (iv) preventing further losses in strength and
function; (v) improving balance and gait performance; and (vi) using
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neurophysiological techniques to enhance motor control. Resistance
training itself will not only enhance strength but will also cause
favorable neural adaptations with improvements in motor unit recruit
ment, coordination of synergistic muscles and less agonist-antagonist
co-activation (Barry & Carson 2(04).

Use of modalities such as moist heat, deep heat and electrical stim
ulation may be helpful in relieving pain and facilitating the stretching
of shortened musculoskeletal structures. Positioning and use of
splints and braces should be considered to encourage normal resting
length of the muscles and to prevent further stretching/lengthening
of muscles and connective tissues. Emphasis should be placed on
motor and postural control and active muscle actions of the agonist
as well as on stretching of tightened antagonists and soft tissue.
Caregivers and families must be taught about the dangers of pro
longed sitting and immobility. Simple sit-to-stand and ROM exer
cises, especially in the antigravity muscles, are valuable.

In the above case of the prolonged sitting posture, terminal knee
extension and the fully erect posture may be gained by working on
static quad sets, static weight loading with weights at 0° of knee
extension, extensor thrust exercises, bilateral and unilateral toe
raises (plantar flexion) and gentle knee bends emphasizing return to
full knee extension. Passive ROM may be needed to attain full exten
sion; trunk extension strengthening exercises are also likely to be
beneficial. These exercises should be considered not only for the
additional ROM and strengthening that they produce but also for
their proprioceptive and kinesthetic input into the postural control
mechanism and their ability to teach the patient the necessary
motion. By gaining good to normal (4 or 5 out of 5) strength in ter
minal hip and knee extension, a fully erect and energy-efficient pos
ture may be attained; however, this is not always the case as the
automatic postural control mechanism of this postural set may not
be reprogrammable and one must consider that hip/ trunk extension
may aggravate spinal stenosis.

CONCLUSION

The loss of muscle strength and muscle tissue (sarcopenia) in aging
individuals is an important but reversible condition that influences
health, function and quality of life. Humane rehabilitative care
requires paying attention to medical diagnoses, nutrition and blood
chemistry as well as to the typical muscular evaluation. Recognizing
the potential limitations of the muscular system when exercising
allows realistic treatment goals and outcomes to be established.

Stretch weakness is a clinical condition that has yet to be fully
investigated and defined. It clearly involves more than the length of
the muscle and thus should be considered a neuromusculoskeletal
problem. These neuromusculoskeletal changes may have a negative
effect on posture, mobility and quality of life and should be consid
ered when evaluating the aging patient. Amelioration is possible in
some, albeit not all, cases.
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INTRODUCTION

Contractures are defined as the lack of full passive range of motion
(ROM) of a joint resulting from structural changes of non-bony tis
sues, such as muscles, tendons, ligaments, joint capsules and/or
skin. Contractures develop when normal elastic connective tissues
are replaced with inelastic fibrous tissue. There are many causes of
contractures including chronic inflammation (rheumatoid arthritis),
deformity (osteoarthritis, scoliosis), immobility (after fracture or sur
gery), injury (burns, stroke), disease (Parkinson's disease), or a combi
nation of these factors. Joint flexibility is inversely related to aging.
Generally, there is a systemic decrease in active and passive motion
of all joints with age, with the decline becoming more pronounced
during the ninth decade. However, not all elderly individuals experi
ence a decline in joint flexibility as they age. Significant increases in
ROM can be achieved with exercise, activity and good stretching
programs (Hoffman et aI2oo5).

MECHANISMS OF CONTRACTURE

Usually, several factors combine to playa role in limiting full pas
sive joint ROM in the elderly. The normal effects of aging, a decline
in physical activity and, often, disease, injury(s) and/or pathology, at
times occurring simultaneously, contribute to joint contracture. With
the prevalence of fractures and surgeries in the older population,
immobility is the most frequent cause of contracture.

Contractures can be divided into three categories according to the
anatomical location of the pathological changes: (i) arthrogenic,
including intra-articular adhesions; (ii) periarticular, including

connective tissue and joint capsule stiffness; and (iii) myogenic,
including shortened skeletal muscles of which there are two types,
myostatic and pseudomyostatic. Other classification systems for
identifying restricted joint motion involve intra-articular, periarticu
lar and extra articular structures.

Myostatic contractures represent structural adaptation of muscle in
response to changes in the position of the corresponding joint. Muscles
with myostatic contracture are shorter than their normal physiological
length and show a reduction in the number of sarcomere units but no
decrease in individual sarcomere length, as is found with pseudomyo
static contracture (Henry 1995).Myostatic contracture can be the result
of bracing, casting, immobilization or any restriction of joint move
ment, voluntarily (pain) or not, such as limited activity or bedrest.

Pseudomyostatic contracture is the loss of myofibril extensibility sec
ondary to a decrease in individual sarcomere length; it is not accompa
nied by structural changes in the sarcomeres. Pseudomyostatic
shortening may follow a tetanic muscle contraction such as a spasm
or cramp. Myofascial trigger points may be local areas in muscle
where actin and myosin filaments remain chemically locked.

NORMAL EFFECTS OF AGING

Normal age-related changes that affect joint flexibility include
increases in the viscosity of the synovium, calcification of articular
cartilages, muscular weakness or deconditioning, stiffness of capsu
lar and ligamentous tissues and the reduction of elasticity of skin.
Stiffness is measured by the stress-strain relationship of fibers. As
the force (stress) on tissue is increased, the length (strain) of the tis
sue increases in a linear relationship once the slack is taken out, until
the length at which the tissue ruptures is reached (Neuman 1993).

Other factors associated with contracture formation that may be
age-related include previous injury, illness or abnormal postural pat
terns (see Chapters 15 and 63). Repetitive- motion stresses resulting
from occupational or leisure activities may predispose to tenosynovi
tis or osteophyte formation and the remodeling of the joint surfaces,
which limits joint flexibility related to contractures.

Activity level
The interaction between aging and activity level and joint contrac
ture is not well understood. Why some individuals do not experience
even slight reductions in joint ROM as they age is an important ques
tion that has not been answered; however, a decline in physical activ
ity is typically related to joint contracture. Three components related
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to physical activity that playa role in the development of contracture
are limb position, duration of immobilization and habitual movement
patterns. The type and amount of physical activity that people engage
in changes with age. Older adults often do not move their joints to
the same extent or as frequently as younger individuals. Bedridden
and extremely inactive or frail elderly people are particularly prone
to the development of contractures (Kauffman 1987).Some degree of
muscular shortening is present in sedentary people even if they are
healthy, especially in muscles that cross multiple joints.

PATHOLOGY

Arthrogenic contractures are usually the result of chronic inflamma
tion (rheumatoid arthritis), infection, degenerative joint disease or
repeated trauma. Pain resulting from synovial effusion, which is
associated with inflammation and/or arthritis, often culminates in vol
untary and involuntary joint splinting and immobility. As joint move
ment is curtailed, contractures may develop. Osteoarthritic disease
resulting in the deformity and remodeling of joint surfaces, and
rheumatic processes resulting in the scarring of the synovium, con
tribute not only to intra-articular but also to periarticular joint con
tractures. Bums frequently restrict skin movement around a joint
subsequently leading to joint contractures.

Neuromuscular dysfunction appears to be the most common cause
of extra-articular physiological joint restriction, probably the conse
quence of spinal segment and supraspinal inputs that result in a short
ening of the muscle fibers' resting length. Muscle spindle bias may be
a factor.Pathology such as stroke, multi-infarct dementia and diseases
that cause changes in neurotransmission, such as Parkinson's disease,
may cause spastic posturing. Spastic posturing presents with a
dynamic imbalance of muscle control in the involved extremities and
results in myogenic contracture. Medications with extrapyramidal
side effectssuch as antipsychotics may alsocontribute to contractures.

FUNCTION WITH CONTRACTURE

The functional significance of reduced joint ROM is determined by
the amount of limitation, the overall physical condition and activity
level of the individual and the location of the involved joint. It has
been suggested that a 30° knee flexion contracture is associated with
a loss of ambulatory ability. Hip flexion contractures affect gait by
reducing pelvic rotation, shortening stride and increasing the energy
cost of mobility. Loss of dorsiflexion ROM directly affects opposite
leg stride length and cadence of the gait pattern and encourages a
substitution pattern for balance and stability. The ability to negotiate
curbs and steps may also be impaired. No guidelines have been
established to determine what degree of shoulder contracture has a
significant impact on function; however, activities of daily living
(ADLs) are certainly more difficult with a contracture condition like
adhesive capsulitis.

INCIDENCE

With aging, the upper extremity joints remain more flexible than the
lower extremity joints; this parallels the change in strength seen with
age, with the lower extremities becoming weaker sooner than the
upper extremities, and may result from daily use. Men tend to lose
ROMmore rapidly than women. Hip abduction is the lower extremity
motion most commonly limited with age. Limited full hip extension

(10° hyperextension beyond 0°, or neutral) is also common in the
elderly, directly affecting gait and mobility. It is postulated that pro
longed sitting is related to hip and knee flexion contracture (Kauffman
1987).Hip flexion declines the least, with significant reduction becom
ing apparent only after the age of 85. A recent study of rat soleus mus
cle has demonstrated changes in sarcomere length (shortening) after
only one week of immobilization with contracture increasing with the
duration of immobilization (Okita et al20(4). In addition, changes in
collagen fibril arrangement occurred and may cause advanced con
tracture in later stages of immobilization.

TREATMENT

Prevention
Maintaining an active lifestyle and following a regular routine
stretching exercise program that encourages full multijoint ROM are
keys to preventing joint contractures in the elderly. Positioning and
posture are critical for the prevention of contracture in patients who
have limited mobility. In the supine position, the feet may need to be
positioned in neutral dorsiflexion. The lower extremities should rest
in neutral rotation with the hips and knees extended. Shoulders
should be in neutral protraction-retraction. Elbows, wrists and fin
gers should also be extended, while allowing flexion to maintain
grip and grasp and ADL functioning. Considerations relating to joint
position and tissue length are crucial when placing patients in seated
and sidelong positions. Muscles and joints should be stretched to their
optimal ROM, ideally on a daily basis.

Thermal agents and passive stretching
Contractures can often be reduced by selectively heating the fibrous
tissues that limit motion. Passive motion and/or stretching should
be performed during or immediately following application of thermal
agents such as heating pads, ultrasound or diathermy. Ultrasound
may be the modality of choice for selectively heating contracted tis
sues because ultrasound affords deeper penetration of tissue (up to
3-5cm) (Michlovitz 1986).Moist heat may be utilized for generalized
superficial heating, to assist in muscle relaxation. The temperature of
muscle tendon tissue can be raised to 104-109°F (40-43°C), which
influences the viscous properties of connective tissues and maxi
mizes the effects of stretching (Gersten 1955).Smaller joints may be
heated by immersion in paraffin wax.

Beforeapplication of thermal agents, a careful dinical evaluation of
the patient must be performed to rule out any persisting acute or sub
acute process or degenerative joint disease, and to determine whether
joint limitation results from bone spurs. The use of selective heating in
conjunction with stretching, ROM exercises or other joint mobiliza
tion techniques may aggravate persistent inflammatory reactions
and is ineffective in the presence of bone spurs.

Massage and stretching
Soft-tissue techniques that can reduce connective tissue and myogenic
contractures include massage and stretching. Massage can produce
gains in length when pseudomyostatic shortening of a muscle has
occurred. When contracture develops following prolonged immobi
lization, muscle and connective tissues lose up to 80% of their tensile
strength. Care must be taken not to use abrupt or vigorous stretching
forces; prolonged, low-load stretching is required. Guidelines for pro
longed, low-load stretching include positioning the joint in its most
extended position while applying heat and a light static weight to



cause tension on the distal part of the joint lever arm for 5-1 omin.
Active exercise of the antagonist muscles should be encouraged,
especially in the terminal range.

Soft-tissue mobilization, a type of deep massage, employs forceful
passive movement of the musculofascial elements, beginning with
superficial layers and progressing to deeper tissues. Massage can
restore independent mobility of muscle, fascia and skin in the areas
of fascial thickening and binding that occur in response to chronic
postural deformity. The individual subjective response can serve as
an indicator to gauge the appropriate amount of pressure to be
applied. The technique is frequently described as a 'good hurt' when
applied correctly. The use of too much force is revealed by involun
tary muscle contracture, voluntary withdrawal or reports of pain.

Deep friction massage
----_ .._-----

Deep friction massage or cross-friction massage is another type of
soft-tissue technique involving the application of concentrated,
repetitive stroking that is directed perpendic-ular to the fiber orien
tation in a localized area of tendon, muscle, fascia or ligament at the
site of contracture. Clinically, it is used to restore mobility between
otherwise freely moving structures; however, research substantiat
ing the effectiveness of transverse friction massage is limited. Deep
friction massage can be a potentially harmful treatment for acute and
chronic stages of rheumatoid arthritis or for joints with active or
acute inflammation and should be employed cautiously.

Myofascial release
Myofascial release (MFR)applies firm mechanical forces in the direc
tion of restricted motion to break up abnormal cross-linkages and
restore independent mobility to fascial compartments. MFR tech
niques involve the application of traction or elongation combined
with some element of simultaneous shearing, twisting and, often,
compression. All soft-tissue techniques must be applied judiciously
because of the skin and circulatory changes that are present in older
people which increase the risk of injury.

Neuromuscular techniques
Neuromuscular techniques promote muscle relaxation preceding pas
sive stretching, which facilitates effective reduction of myostatic con
tractures. Therapeutic approaches include muscle energy, hold-relax
and contract-relax proprioceptive neuromuscular facilitation (PNF)
and postisometric relaxation. Muscle relaxation and passive stretching
are components of many of these techniques. Passive stretching is dis
tinct from passive range of motion (PROM) in that the latter stops at
the first feelof a barrier to further movement, whereas passive stretch
ing, or overstretching, is a process in which additional load is applied
slowly and consistently in order to elongate the tissues.

Manually resisted exercise in the available range preceding stretch
ing or joint mobilization can enhance the effectiveness of treatment.
When it is possible to use them, submaximal contractions against
resistance that are performed through the available ROM are effective
through several mechanisms: (i) they warm tissues; (ii) they increase
afferent stimuli and thus reduce muscle guarding; and (iii) they
fatigue the muscle, which limits resistance to passive stretching.
Active contraction and passive stretching performed in tandem are
thought to enhance muscle lengthening. A strong voluntary contrac
tion is followed by a brief refractory period in which the muscle can
not contract, providing a moment when the muscle can be elongated.

Optimal passive stretching (overstretching) can occur only with
muscle relaxation, so the participation of the patient is necessary to
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enhance treatment effectiveness. With cognitively impaired patients,
relaxation as well as voluntary muscle contractions are often difficult
to achieve; therefore, neuromuscular stretching techniques may not
be useful.

Reporting on the results of a systematic literature review,Decoster et
al (2005) found that a variety of stretching techniques including PNF
and varying stretching positions and durations of stretch were effective
in increasing hamstring length and ROM.It should be noted, however,
that individuals over 60 years of age were not studied.

Joint mobilization
A loss of accessory or joint-play movement, the movement normally
present in the joint but not under voluntary control, is often found
with arthrogenic contractures. Particular techniques of joint mobiliza
tion that will affect joint dysfunction vary from one school of practice
to another. Regardless of the particular technique used, the end result
is to aid in restoring joint mobility by normalizing accessory move
ments. Oscillations, traction and distractions with glide may all be
used. Cleland et al (2005) reported benefits of manual therapy, traction
and strengthening exercises in middle-aged people with cervical
radiculopathy. However, little research has been conducted with older
individuals (over the age of 75); therefore, great care must be taken
when applying these techniques in the elderly because of the osseous
and soft-tissue changes that have occurred in addition to any underly
ing pathology a patient may have.

Splinting, casting and bracing
Splinting, casting or bracing techniques are applied to provide a con
stant passive stretch to the joint. Several studies have demonstrated
improvements in contractures with the use of these devices in con
junction with traditional therapeutic intervention (Mackey-Lyons
1989,Jansen et aI1996). Serial casting is especially helpful for stretch
ing plantar flexors, biceps, wrist flexors and hamstrings; these are
muscle groups that commonly contract in older individ-uals with neu
rological pathology. However, neither splinting nor casting has been
shown to be helpful in permanently reducing spasticity or posturing.
Customized adjustable orthoses or bracing molded to the individual's
limb can be changed at intervals to promote further slow stretching
and may be more easily removed for skin monitoring and adjustments
before reapplying. Use of commercially available splints, braces or
continuous passive range of motion machines (CPMs) have been
reported to successfully reduce knee, ankle, elbow and finger contrac
tures in some cases.

CONCLUSION

The identification of the underlying cause and the structures impli
cated in a contracture determine the type and amount of treatment
employed. Because several factors typically contribute to contrac
ture formation, a variety of approaches to treatment may have to be
used either individually or simultaneously to improve ROM. In gen
eral, the earlier the treatment for a contracture begins, the better and
sooner a positive outcome may be achieved and prevention enacted.
Caution must always be exercised when using these techniques,
especially with elderly patients. Therapists must be sensitive to the
frailty of aged tissues and should be cognizant of the coexisting
pathologies that elderly patients commonly exhibit as they can affect
outcomes.
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Chapter 18

Postpolio syndrome
Marilyn E. Miller

Postpolio syndrome (PPS) is defined as aging with poliomyelitis. As
they age, the issues of PPS in long-term survivors continue to present
challenges to them as well as to the rehabilitation professionals who
serve them. The more than one million PPS survivors in the US, many
of whom are in their later retirement years, find that their needs are
increasing as they acquire other disabilities which accompany the nat
ural changes of aging. To help these survivors avoid complications,
rehabilitation professionals need to be sensitive to some of the special
issues of PPS (Bartels & Omura 2005). Researchers estimate that
33-80% of polio survivors anywhere in the world will acquire PPS
(Elrod et al 2005, Ragonese et aI200S). PPS is reported to be the most
prevalent progressive neuromuscular disease in North America
(Elrod et al 2005), with a significantly higher rate in women than in
men (Ragonese et al 2005). The higher the age of initial onset of polio,
the lower the rate of PPS.

The main clinical features of PPS are persistent new weakness,
muscular fatigue, general fatigue and pain (Box 18.1) (Rush 1999).
The cause of PPS onset is unknown but contributing factors may be
the aging motor neuron, muscle overuse and disuse, chronic physi
cal stress and the impact of socioeconomic conditions (Ragonese et al
2005, Trojan & Cashman 2(05). Attention to an overall healthy
lifestyle and prompt identification and treatment of secondary condi
tions before they progress to greater impairment and/or disability are
important to preserve function and maintain quality of life in PPS
patients (Stuifbergen 2(05).

A systematic review of research to date indicates that conclusions
cannot be drawn from the literature with regard to the functional
course or prognostic factors in late-onset PPS; in fact, prognostic fac
tors have not been identified (Stolwijk-Swuste et al 2(05). Weakness
of muscle itself defines the functional consequences experienced by
individuals with PPS. There is little evidence that the fatigue com
mon in PPS (and other diagnoses that involve spinal motor neuron
death) is related to an increase in intrinsic fatigability of muscle fibers
(Thomas &Zijdewind 2006).Thus, this PPS fatigue must be accounted
for by other sources, as yet unidentified, perhaps similar to the fatigue
reported by multiple sclerosis patients.

University of Michigan researchers (Kalpakjian et al 2(05) have
developed and validated an Index of Post-Polio Sequelae (IPPS), which
offers clinicians a standardized scale to assess the severity of PPS.
PPS is usually slowly progressive, with no specific interventions
identified. However, an interdisciplinary management program is
useful in controlling PPS symptoms (Trojan & Cashman 2(05). Bartels
& Omura (2005) have also recommended an interdisciplinary man
agement program that may include (i) pharmacological interventions,
limited to some anticholinergic agents, doparninergic agents or
amantadine; (ii) appropriate exercises, bracing and support; and (iii)
the use of speech therapy and respiratory support when bulbar or

Box 18.1 Common complaints of Individuals with
postpollo sequelae

• Fatigue
• Weakness
• Muscle pain
• Joint pain
• Increased falling
• General instability
• Feeling 'braindead'
• Muscle cramps
• Muscle fasciculations
• Sleep disorders
• Respiratory distress
• Dysphagia/choking
• Diminished endurance
• Hypersensitivity to cold
• Delayed strength recovery after exhaustion
• Psychosocial problems
• General medical problems

From Rush 5, Geriatric Rehabilitation Manual 1999, with thanks.

respiratory symptoms are indicated. Brehm et al (2006) recommend
maintaining function in individuals with PPS, focusing on stabiliz
ing or decreasing the energy demands of physical activities with exer
cise programs and/or improvements in assistive devices for walking.

Of particular interest are the current findings related to gait, a signif
icant functional determinant of personal independence. A study by
Horemans et al (2005), which investigated the relationship between
walking tests, walking activity in daily life and perceived mobility
problems in a PPS population in the Netherlands, documented that
PPS patients do not necessarily match their activity pattern to their
perceived mobility problems. This study reported that PPS patients
with the lowest test performance walked less in daily life. This same
study also found no significant correlation between perceived mobility
problems and walking activities. These researchers further reported
that walking in daily life may be more demanding than walking
under standardized conditions, an important finding to consider in
future research.

Grabljevec et al (2005)studied isometric maximal voluntary contrac
tion (MYC) torque and endurance of knee extensors in three matched
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groups of people including: (i) a group with new symptoms of PPS,
(ii) a group with no new symptoms of PPS, and (iii) a healthy control
group. The MCV torque was determined using a Biodex dynamome
ter at a 60°knee angle. This study found no significant differences in
MCV torque and endurance between the two groups with PPS.
However, the endurance of 'normal' strength knee extensor muscles
in PPS subjects was generally lower than that of healthy subjects,
regardless of the implication of normal strength and subjective
observations of the PPS subjects,

In their study of gait, Hebert & Uggins (2005) used a knee
ankle-foot orthosis (KAFO) to compare the locked-knee joint versus
the automatic stance-eontrol knee joint in a 61-year-old male subject
with PPS. This case indicated that a stance-eontrol KAFO appears to
improve gait biomechanics and improve energy efficiency compared
with a locked-knee KAFO.

The study by Brehm et al (2006)compared the energy demands of
walking in adults with PPSwith those of matched healthy control sub
jects; this was achieved by assessing muscle strength and strength
asymmetry. The findings indicated a significant difference between
the groups for all walking parameters. Walking speed was 28%
lower and energy consumption and energy cost were higher in PPS
subjects than in healthy subjects. Further, the walking parameter mea
sures wen' more variable for the PPSsubjects than the healthy subjects.
Reduced walking efficiency was strongly associated with the degree
of lower extremity muscle weakness, correlated with comfortable
walking speed, and accounted for 59%of the variance. This study also
reported that the energy cost of walking was associated with muscle
strength asymmetry. The physical strain of performing submaximal
activities in relation to the severity of the polio paresis appeared to
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bea determinant of the change of physical functioning over time. As
noted above, these researchers recommend maintaining function in
individuals with PPS by stabilizing or decreasing the energy demands
of physical activities.

The almost complete eradication of polio in the industrialized
nations has been an important achievement in world health policy.
UNICEF (UNICEF 2006) formed the Global Polio Eradication
Initiative in 1988 and has since made dramatic strides toward its goal.
A disease once identified in 125 nations is now endemic in only four:
Afghanistan, India, Nigeria and Pakistan. Increased transmission
has been reported in Nigeria and other countries, where the disease
is threatening to spread to neighboring regions because of budget
shortfalls preventing the immunization programs (Bartels & Omura
2005, UNICEF 2(06). The lessons learned now from PPS survivors
may serve to improve care for future PPS survivors. Rehabilitation
professionals and counselors must be knowledgeable about PPS and
its possible impact on employment. The physical symptoms can be
severe enough to significantly alter work function, impose lifestyle
changes and decrease quality of life (Elrod et al 2(05).

The existence of PPS questions the concept of polio as a static dis
ease; this poses a challenge not only to patients and health profes
sionals but also to policy makers charged with allocating resources.
A study from the University of Spain reviewed the PPS research and
developed some recommendations for policy decision making
(Bouza et al 2(05). The current research into PPS from diverse
nations indicates the pervasiveness of these issues in the aging world
population. This PPS global challenge of poliomyelitis is far from
over.
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Osteoporotic vertebral compression fractures (VCFs) represent a sig
nificant challenge for primary care physicians (PCPs) in their diagno
sis and management, and they are likely to become an increasingly
important health issue for many patients as the population ages (Rao
& Singrakhia 2(03). Individuals with a VCF experience a decreased
quality of life (QOL)and also show increases in digestive and respi
ratory morbidities, anxiety, depression and death (Cooper et al1993,
Ismail et al 2001, Papaioannou et al 2002, Gold 2003, Tosi et al 2004,
Yamaguchiet al2(05). Most importantly, these patients have as much
as a fivefold increased risk of another fracture within 1 year of the ini
tial fracture (Lindsay et al 2(01). Up to two-thirds of VCFs are undi
agnosed (Papaioannou et al2003a, Old & Calvert 2004,) and, even if
diagnosed, many patients are treated only acutely; few (18% in one
study) are managed long-term for the prevention of fractures (Nevitt
et aI1998, Gehlbach et al 2000,Oleksik et al 2000, Andrade et al2003,
Papaioannou et aI2003a, Tosiet aI2004).

According to the National Osteoporosis Foundation (Health
Issues Survey 2(05), PCPs need to take a proactive role in assessing
the risk for or presence of VCFsand in maintaining or improving gen
eral bone health: many patients consider back pain a normal part of
aging and do not discuss it with their physician. Further, the PCP
needs to act as the central point of care for a patient with a VCF,
working with an orthopedist, physical therapist, clinical social
worker, pharmacist and dietician to provide optimal management.
This publication's recommendations stem from a review of the liter
ature and panel members' clinical experience. Highlighted below are
the impact of VCFs on overall QOL, risk factors for VCFs and a dis
cussion of management options for patients with VCFs.

KEY POINTS AND RECOMMENDATIONS

VCFsare common but often silent consequences of osteoporosis
(strength of recommendation (SOR): A).

• The risk of death is increased several-fold during the year follow
ing a VCF (SOR:B).

• Calcium and vitamin D supplementation, antiresorptive and
anabolic agents, and weight-bearing exercises are helpful in pre
venting secondary VCFs (SOR:A).

• The incidence of fractures can be reduced by 40-60% with phar
macological therapies (SOR: A).

• Magnetic resonance imaging of the spine is probably the single
most useful test for evaluating a fracture (SOR:C).

• Vertebroplasty or kyphoplasty should beconsidered for patients
in whom a progressive kyphotic deformity or intractable pain
develops (SOR:A).

SOR:A- consistent and good quality evidence. SOR:B- inconsistent
or limited quality evidence. SOR C: - consensus, usual practice,
opinion, disease-oriented evidence.

PREVALENCE OF VCFs

Mild to severe VCFsare the most common consequence of osteoporo
sis. Of the 1.5million fractures that occur each year in the US, 700000
are spinal fractures (US Department of Health and Human Services
2005). One in two women and one in four men aged 50 years and
older wi1l have an osteoporosis-related fracture in their remaining
lifetime (Hodgson et al 2001, National Osteoporosis Foundation:
Prevention 2005). The incidence of VCF increases progressively with
age throughout later life and, in one study, prevalence was roughly
the same in men (21.5%) and women (23.5%), as measured using
radiological evidence (Iackson et aI2(00).

CLINICAL CONSEQUENCES OF VCFs

Active efforts to diagnose VCFs are critical because only about one
third of radiographically diagnosed VCFs cause symptoms (Blacket
aI1996), often just moderate back pain (jackson et aI2(00). Still, ver
tebral and other osteoporotic fractures produce cumulative and often
irreversible damage (Papaioannou et al2002, Tosiet al2004), fracture
related medical problems (Andrade et al 2(03) and increased risk of
death. For example, lung function is reduced significantly in patients
with a thoracic or lumbar fracture: one thoracic compression fracture
may cause a 9% loss of the forced vital capacity (FVC) (Leech et al
1990).A fourfold higher prevalence of severe VCFshas been reported
in patients with chronic obstructive pulmonary disease than in
matched controls, as well as impaired lung function as measured by
the percentage decrease in FVC (Papaioannou et al2003a).
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Multiple VCFs cause height loss, thoracic hyperkyphosis, loss of
lumbar lordosis and subsequent compression of the internal organs
as the spine no longer holds the body upright (Raisz2005,Yamaguchi
et al 2005). The rib cage presses on the pelvis, reducing the thoracic
and abdominal space; with severe disease, this space may measure
less than two finger widths.

Box19.1 provides some examples of the other effects of VCFson a
patient's life (Papaioannou et al 2001, 2002, 2003a, Yamaguchi et al
2(05).

Box 19.1 Clinical consequences of VCFs

Protuberant abdomen
Difficulty fitting clothes because of kyphosis, protuberant
abdomen
Back pain (acute and chronic)
Height loss
Reflux
Early satiety
Weight loss
Reduced lung function
Shortness of breath
Impaired physical functioning
Fear of fracture and falling
Impaired activities of daily living (e.g. bathing, dressing)
Depression
Sleep disturbance
Difficultybending, lifting, descending stairs, cooking
Increased length of fracture-related hospital stayby
2.0days
Increased mortality

From Papioannou et al 2001, 2002, 2oo3a andYamaguchi 2005.

ASSESSMENT AND DIAGNOSIS

Symptomatic VCFs usually present as acute thoracic or lumbar back
pain (Rao & Singrakhia 2003). Importantly, little correlation exists
between the degree of vertebral body collapse and pain level.
Evaluating the patient's risk, taking a history, conducting a physical
examination and ordering radiological studies are essential parts of
the assessment and diagnosis of a suspected VCF (Fig. 19.1).

Risk factors

Low bone mineral density

Bonemineral density (BMO) is a better predictor of osteoporotic frac
ture than cholesterol is for coronary heart disease or blood pressure
is for stroke (Rao& Singrakhia 2003,Tosiet al2004). The pcp should
determine if the patient has had a workup for or diagnosis of osteo
porosis; in the absence of a previous diagnosis of osteoporosis, the
patient should beretested. Many VCFsoccur in women with normal
or osteopenic BMDscores suggesting the presence of contributing risk
factors, which include long-term corticosteroid use.

Mt'dical conditions and agents

Corticosteroids interrupt healthy bone metabolism in males and
femalesof all ages and require therapy to slow or prevent progression

of osteoporosis (American College of Rheumatology 2001). Celiac
disease, common in premenopausal women with idiopathic osteo
porosis, may also be a risk factor (Armagon et al2005). Other diseases
or treatments that may affect risk include cancer and calcium malab
sorption (diarrhea, gastrointestinal diseases, recent immobilization).

Patient history
Previous fracture

Ahistory ofa VCFand other fractures, for example of the wrist, are also
strong predictors of a subsequent VCF(Burgeret al1994, Lindsay et al
2001).

Onset and duration ofpain

The patient's activities at pain onset may help determine the cause.
A recent event resulting in acute pain suggests a compression frac
ture. Pain lasting for months or years may stem from age-related
spinal disorders. Leg pain or weakness indicates that there may be a
neurological deficit and may warrant an immediate referral to a
surgeon.

Diagnosis

Physical examination

The physical examination should be performed with the patient
standing so that signs of osteoporosis, for example kyphoscoliosis,
are more apparent. Otherwise, the patient should lie on one side. The
recommended procedure is as follows. Beginning at the top and
working down, depress the thumb on or over the spinous processes
to examine the spine. Although VCFs can occur from the occiput to
the sacrum, they most often occur in the midthoracic region (T7-T8)
and at the thoracolumbar junction (Nevitt et aI1999). Ask the patient
to indicate the presence of pain; repeat the spine examination as nec
essary to pinpoint the actual pain location. Pain associated with
spinal palpation may indicate a compression fracture. Often, there is
an accentuation of the normal spinal contour at the level of injury
with associated prominence of the spinous processes in the painful
area. The presence of a spinal deformity by itself does not indicate
the cause or timing of the fracture. H there is no identifiable sharp pain,
suspect other age-related spine problems. Have the patient flex and
extend the spine; these movements often exacerbate pain resulting
from VCFs. Moderate muscle spasm or splinting may occur as the
antigravity muscles of the spine attempt to unload the pressure on
the wedged anterior vertebral body. A neurol-ogical examination
should also be performed. In rare cases, osteomyelitis mimics symp
toms of a VCE

Other findings associated with an increased risk of osteoporosis or
spinal fracture are listed in Box19.2 (Green et al2004).

Radiology

During the physical examination, a radio-opaque marker may be
applied to the skin next to the most painful region; this may, how
ever, obscure evidence of neoplasm or endplate erosions suggestive
of osteomyelitis. Standing posteroanterior and lateral radiographic
studies may be ordered, with instructions to the radiologist that the
objective is to rule out a VCE A symptomatic VCF does not always
show collapse on the initial radiograph.
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No response in 6 weeks
Figure 19.1 Management algorithm for acute painfulVCFs. "Subtle T11-L1 fractures may bemissed
because theyare at the lowerend of a Tspine and the top of an Lspine film. Moreover, parallax obscures
anatomical detailat the edges of anX-rayfilm. blf no osteoporosis, consider malignancy or other trauma as
causes. BMD, bone mineral density; MRI, magnetic resonance imaging; PA, posteroanterior; STIR, short tau
inversion recovery; VB, vertebral body; VCF, vertebral compression fracture.

Magnetic resonance imaging

If the source of pain remains undetermined, magnetic resonance imag
ing (MRI) may rule out a malignant tumor, identify the presence of a
fracture and help identify appropriate treatment (Rao & Singrakhia
2(03). A T1 sequence of an acute fracture will bedarker than other ver
tebral bodies; a 1'2 sequence will be brighter. A short tau inversion

recovery (STIR)sequence is ideal because it is very sensitive for osseous
edema following a Vep. Routine imaging of the entire spine is probably
not appropriate because of the expense. If the MRI does not reveal
edema, the fracture has most likely healed and is not the cause of the
pain. When an MRI is contraindicated, a technetium bone scan may be
carried out instead.
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Box 19.2 Findings on physical examination
suggestive of multiple osteoporotic vertebral body
compression fractures

~ Rib-pelvis distance: <two finger-breadths between the
inferior margin of the ribs and the superior surface of
the pelvis in the midaxillary line

" Self-report of humped back
.. Tooth count less than 20 teeth
.. Wall-occiput distance: inability to touch occiput to the

wall when standing with back and heels to the wall
.. Weight less than 51 kg (women)

From Green et al 2004, with permission, Copyrightc' 2004 Amrrican
Medical Association. All rights reserved,

PRIMARY CARE MANAGEMENT OF VCFs

For patients with or at risk of a VCF,PCPs should seek to prevent or
rehabilitate fractures with nonpharmacological and pharmacologi
cal therapies as well as with lifestyle changes and other practices that
protect bone (Box 19.3) (Health Professional's Guide 2(03).
Organizations have developed management guidelines (Hodgson
et al 2001, Brown & Josse 2002, National Osteoporosis Foundation

Box 19.3 Rehabilitation of chronic back pain in
patients with VCFs

• Practice good body mechanics
• Avoid activities such as forward bending that increase

compression on vertebrae
• Prescribe an appropriate therapeutic exercise program:

Strengthening exercises for the trunk, pelvis, thighs and
lower extremities.
Emphasis should be on trunkextension and avoidance
of trunkflexion and rotation.
Tai Chi activities have been shown to be beneficial at
increasing strength, balance and posture.
Gentle aerobic activity, including walking. even with
the use of a wheeled walker with hand brakes, may
improve mobility.
Exercises should be done for a minimum of 30min at
least three times weekly.

• Use appropriate medications for pain control and bone
enhancement

• Assess and treat as needed any psychosocial issues
• Use modalities for pain control and as adjuncts to

exercises
• Utilize community support to supplement patient

knowledge and understanding of disease

Adapted from Hearth Professional's Guide to Rrhabilitation of the Patirnt
with Osteoporosis 2003.

Consider complementary and alternative treatment approaches
such as acupuncture, guided visualization, relaxation techniques or
biofeedback.

2(05) that focus on (i) decreasing pain; (ii) preserving or increasing
function; (iii) preventing additional fractures; and (iv) restoring
spine alignment (Phillips 2(03), if possible (Table 19.1) (American
College of Rheumatology 2001, Hodgson et al 2001, Papaioannou
et aI2001, South-Paul 2001, Woolf & Akesson 2003, Old & Calvert
2004, National Osteoporosis Foundation 2(05).

In the past, conventional treatment included bedrest, opioid anal
gesics and back bracing to reduce the pain. Unfortunately, prolonged
bedrest can contribute to further bone loss, thereby increasing the
risk of subsequent fractures (Cooper et al 1992). Opioid analgesics
should be used cautiously as their central nervous system effects
may increase the risk of falling.

Nonpharmacological prevention strategies
Many nonpharmacological therapies for osteoporosis also help pre
vent secondary VCFs, as described below. Additionally, a home
assessment may help reduce environmental factors that increase
risk (Woolf & Akesson 2(03).

Exercise
Weight-bearing and resistance exercises may maintain or increase
BMDand promote mobility, agility and muscle strength, which may
help prevent falls (National Osteoporosis Foundation 2(05). There has
been interest in high impact exercises including bouncing, vibrating
and jumping activities (Stanford et al 2(05), but such exercises
should be supervised as they may aggravate arthritis in weight
bearing joints. If a fracture has been diagnosed, care should be
taken to avoid further fracture, especially until BMD has improved.
Long-term participation in an exercise program increases patients'
QOL with respect to symptoms, emotion, leisure time and social
activity. Further, as energy levels are increased, pain levels are
reduced (Papaioannou et aI2003b).

Diet
Adequate daily intake of dietary or supplementary vitamin D and cal
cium is essential. In one meta-analysis, 700-B00 ill/day of the cholecal
ciferol form of vitamin D was associated with a 26% reduction in the
risk of hip fracture and a 23% reduction in the risk of nonvertebral
fracture compared with calcium or placebo (Bischoff-Ferrari et al
2(05). Strong evidence shows that alcohol consumption in excess of
two drinks per day is a major risk factor for osteoporosis. Cigarette
smokers undergo earlier menopause, have increased catabolism of
endogenous estrogen and experience more hip fractures than do
nonsmokers (Hodgson et aI2(01).

Patient education and counseling
Because compliance with an exercise program or pharmacological
regimen declines as early as 1 year after initiation (Papaioannou et al
2003b), especially in those who believe that their BMD test did not
indicate osteoporosis (Tosteson et al 2(03), patient education is
essential. Referral to a clinical social worker may be useful to iden
tify premorbid anxiety and depression.

Physical therapy
A physical therapy program helps prevent deformity by strengthening
antigravity muscles and promoting postural retraining. Breathing
exercises to encourage thoracic expansion and improve pulmonary
function reduce the risk of pulmonary compromise.
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Table 19.1 Medical management of a VCF

Management

Who to screen
Patient type

Women >65 years with nootherrisk; adultwomen with a previous history of fracture; women and men on
corticosteroids>3 months

What to look for
BMO finding

Within 1SO of the mean: diagnosis normal; between 1 and 2.5SD below the mean: diagnosis osteopenta: at least
2.5SD below the mean: diagnosis osteoporosis.a The risk of fracture increases with age and with each SD below the
mean. A minimum of 2 years may beneeded to reliably measure a change in BMD, but a longer interval may be
adequate for repeated screening to identifynew cases of osteoporosis

Previous fracture, low body weight, persistent back pain

Advocate 1500 mg calcium with 800IUvitamin Ddailyand weight-bearing exercise; educate on importance of good
exercise and calcium intake; prescribe and encourage compliance with a medication that increases BMO; refer to
physical therapy if help is needed to promote anosteoporosis exercise program; identifyany coexisting medical
conditions that cause or contribute to bone loss (Cushing's syndrome, diabetes mellitus, inflammatory bowel syndrome,
multiple myeloma, end-stage renal disease, chronic metabolic acidosis) byordering initial labworkup that includes:
complete blood count; spinal films; chemistry profile (calcium, total protein, albumin, lFTs, creatinine, electrolytes);
24-hurine calcium; vitamin Dlevels (25-hydroxy vitamin D, dihydroxyvitamin D-25 levels); thyroid-stimulating
hormone; erythrocyte sedimentation rate; alkaline phosphatase; phosphorus

Other prominent risk
factors (a Iso see
Box 19.1)

------------------------------------------
What to do
All patients

Acute treatment Bedrest (prolonged bedrest can lead to furtherbone loss); analgesics (NSAIDs may inhibit repair of the bone fracture,
whereas opioids may cause constipation); braces; pharmacological treatment of osteoporosis; for patients with
persistent back pain, refer to a spine specialist for workup for vertebroplasty or kyphoplasty

Long-term management Patient may require home care for anassessment of risk of falls at home; be aware that VCF maycause loss of
physical functioning and depression in ourpatients; be prepared for a consultation to assess social and physical
functioning

Prevention strategies Physical therapy: gait and back strengthening, education on proper lifting etc,appropriate use of walker or cane;
patient education: smoking cessation, calcium and vitamin Dsupplements, medication, importance of BMO results,
exercise; environmental assessment: lighting, carpeting, living onone floorvsmultilevel

From American College of Rheumatology 2001; Hodgson et al 2001;Papaioannou et al 2001; South-Paul 2001; Woolf& Akesson 2003;Old & Calvert 2004;
and National Osteoporosis Foundation: Prevention (2005).
·Young adult mean.
BMD. bone mineral density; lFTs, liverfunctiontests; NSAIDS, nonsteroidal antiinflammatory drugs; SO, standard deviation; VCF, vertebral compression fracture.

Bracing
~=-----

To allow early physical therapy and control pain, use of a limited
contact brace may be warranted. However, long-term bracing is dis
couraged. Compliance with bracing is low, especially with the rigid
body jackets or the Knight-Taylor orthoses. Lightweight thora
columbar braces (easier to put on and take off) may improve compli
ance. For lumbar fractures, a chairback brace is recommended,
whereas cruciform anterior spinal hyperextension (CASH) or Jewett
braces are appropriate for thoracic fractures. Lumbar corsets are not
recommended as they place additional stress on fractures at the tho
racolumbar junction (Patrick 1999).Standard braces can be obtained
at some rehabilitation facilities or orthopedic and physical therapy
clinics. Braces may need to be adjusted for individual patients by an
orthotist or therapist; customized braces can also be ordered from
orthotic facilities. An increasingly popular brace is the lightweight
moldable Spinomed'" (Modi-Bayreuth, Germany). Weighing approx
imately O.5kg (l lb), the brace runs from the shoulders to the pelvis
and is worn like a backpack. It has been shown to improve trunk
strength, decrease kyphosis, decrease postural sway, improve forced
expiratory volume and reduce pain (Pfeifer et aI2(04).

Pharmacological therapy
Pharmacological therapy is an important component of care for
patients with a VCF.Other than the acute management of pain, the
role of pharmacological therapy is to maintain or increase BMD and
reduce the risk of future fractures (French et al 2002, Campbell et al
2003,Cronholm & Barr 2003).There are a number of available agents
including estrogen, selective estrogen receptor modulators, calci
tonin and bisphosphonates (Health Professional's Guide 2003). The
choice of a specific drug may be dependent on the patient's fracture
risk, tolerance and the drug side effects, but drugs should always be
used in combination with calcium and vitamin D.

SURGICAL MANAGEMENT OF VCFs

Kyphoplasty and vertebroplasty, two minimally invasive proce
dures, stabilize a VCF, reduce pain, increase spinal function and
restore normal daily function (Predey et al 2002, Health
Professional's Guide 2003, Rao & Singrakhia 2003). Open surgical
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treatment can address deformity but is reserved for cases of neuro
logical deficit. In many cases, poor bone strength precludes the use
of orthopedic screws or other open surgical treatment. Although
kyphoplasty and vertebroplasty are performed by orthopedic spine
surgeons, neurosurgical spine surgeons and interventional radiolo
gists, PCPs should consider referral for these procedures as appro
priate (see www.spine-health.com and www.spineuniverse.com for
a list of spine specialists). Both procedures involve an incision site of
less than 1cm and can be performed on an inpatient or outpatient
basis under local or general anesthesia. Kyphoplasty restores spinal
alignment, theoretically reducing the risk of subsequent fractures.

Kyphoplasty: an overview
Kyphoplasty involves the stabilization of the fracture using bone
cement (polymethylmethacrylate [PMMA]). The procedure is initiated
by inserting a balloon tamp into the vertebral body under fluoroscopic
guidance. The balloon is inflated, restoring vertebral height and mov
ing the weightbearing axis posteriorly to reduce spinal deformity (Fig.
19.2). The size of the void created by the balloon is determined, the
balloon is removed and the void is filled with a precise amount of
cement at low pressure to minimize extravasation (Phillips 2(03). Pain
reduction occurs in 60-97% of patients with rapid improvement in
daily activity levels and QOL; benefits are sustained for at least 2 years
(Garfin et al 2001, Lieberman et al 2001, Coumans et al 2003,Ledlie &
Renfro 2(03). Physical functioning shows significant improvement
with an increase from 12 to 47 in the physical functioning subscale
score of the Short Form 36 (SF-36) (Liebermann et al2oo1), a survey
assessing health status in eight different areas including physical func
tioning, bodily pain and general mental health.

The extent of fracture deformity correction has been expressed var
iously in different studies as the angular correction (i.e. Cobb angle),
the amount of correction or the degree to which the vertebral body
returns to the expected height. Overall, a mean 50%of the lost height

is restored. Acute or 'readily reducible' fractures are typically cor
rected to 90%of their prefracture height (Garfin et al2oo1, Liebermann
et al2001, Theodorou et al2002, Phillips et aI2003, Crandall et al 2004,
Grohs & Krepler 2004). Early referral of appropriate patients is impor
tant because the likelihood of height restoration decreases with time
after the injury. However, the age of the fracture is irrelevant if the
fracture is painful and STIR-sequence MRI reveals edema at the cul
prit vertebrae. Procedure-related complication rates range from 0.2%
to 0.7%and include extravasation, embolism and nerve root injury.

Vertebroplasty: an overview
Initially used to treat symptomatic hemangiomas of the vertebral
body, vertebroplasty is now used more frequently in the manage
ment of painful osteoporotic YCFs. Unlike kyphoplasty, a balloon
tamp is not involved in vertebroplasty and so this procedure does
not restore height or reduce spinal deformity. Bone cement is
injected under fluoroscopic guidance into the vertebral body to sta
bilize the fracture in its current position. Pain relief is achieved in
63-100% of patients; most maintain a benefit for 1 year or more
(Gangi et aI1994, Barr et aI2ooo). One study showed a reduction in
the mean pain rating from 7.7 before the procedure to 2.8 after 1 day
(McKiernan et al 2004). In another report, 90% were able to return to
their normal activities without opioid use (Garfin et al 2(01).
Unfortunately the spinal deformity remains as the fracture is
cemented in place. The failure and complication rates are low, but
extravasation of the cement leading to local tissue or nerve injury or
embolism is possible.

Insurance coverage for kyphoplasty and vertebroplasty varies
from state to state. Payment for kyphoplasty is sometimes limited to
two vertebral levels.

Following either procedure, it is important that calcium, vitamin
D and other pharmacological and nonpharmacological measures be
implemented to prevent a secondary YCF.

Figure 19.2 Kyphoplasty: effect onvertebral heightand reduction of spinal deformity. (A) Immediately postfracture, kyphosis = 16°;
(B) post fracture + 4 days, kyphosis = 25°; (e) post kyphoplasty, kyphosis = 10°, Reproduced with the permission of Dr Isador Lieberman.



Case study A KYPHOPlASTY

A 69-year-old woman experiences excruciating and
immediate back pain after slipping on ice. X-ray studies
demonstrate marked collapse of the L2 vertebra.
Nonoperative management with bracing, nasal miacalcin,
opioids, relative rest and physical therapy fail to control
pain. Patient is nonambulatory. MRI STIR sequences
demonstrate intense uptake in the L2 vertebral body,
whereas theT1 marrow signal isdecreased. Subsequent
radiographs demonstrate furthercollapse of the vertebra.
Because of progressive deformity and intense pain, a
kyphoplasty is performed, with balloons inserted into the
L2 vertebral body under local anesthesia. Serial inflation
of the balloons allows restoration of lostvertebral
body height; the fracture isstabilized with PMMA. A
postoperative computed tomography (eT) scan reveals
excellent restoration of thevertebral morphology without
cement leak. Long-term therapy with a bisphosphonate,
vitamin Dand calcium are also instituted.

CONCLUSION

VCF is a relatively common but often unrecognized consequence of
osteoporosis. Back pain is the typical presenting symptom; patients
older than 50 years with acute back pain should undergo a clinical
workup for a VCF. Primary care clinicians have important roles as
educators about bone health and as providers of pharmacological
therapies. Additionally, they are critical in coordinating the multidis
ciplinary care of a patient with a VeF. Kyphoplasty and vertebro
plasty stabilize a VCF, increase spinal function and restore normal
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Case study B VERTEBROPlASTY

A 74-year-old woman with primary osteoporosis
complains of 4 weeks of gradually increasing low back
pain after having picked up a potted plant. Radiographs
reveal a mild superior endplate fracture of L3. Initial
management (brace, physical therapy and pain
medications) fails to relieve pain. The patient's pacemaker
precludes an MRI scan. A bone scan and CT scan
demonstrate intensely increased uptake suggestive of an
acute fracture without evidence of lytic lesion or canal
compromise. To relieve intractable pain, a vertebroplasty
is performed under local anesthesia. The patient notes
immediate reliefof herpain. Postoperative plain
radiographs and a CT scan demonstrate an appropriate
cement mantle with onlymild intravascular leakage.
Long-term therapy with a bisphosphonate, vitamin Dand
calcium arealso instituted.

daily function. Both may be performed as an inpatient or outpatient
procedure, as determined by medical necessity. They provide rapid
pain improvement with a low complication rate. Restoration of the
vertebral height is an added benefit of kyphoplasty.
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INTRODUCTION

The impact of arthritis is highly significant and is expected to affect
one-quarter of the US population by the year 2030 (National Health
Interview Survey and US Census Bureau 2002). Worldwide it is esti
mated that over 50% of chronic conditions in people over the age of
65 years are attributed to joint diseases. To increase attention to this
human problem, the World Health Organization, the World Bank and
the United Nations designated the years from 2000 to 2010 as the
Bone and Joint Decade. The initiative is a campaign to enhance
awareness, understanding and research of musculoskeletal disorders
with the goal of improving quality of life (Lidgren 2003, www.bone
jointdecade.org). A diagnosis of arthritis may be established follow
ing careful attention to clinical manifestations, laboratory tests,
radio-graphic and imaging studies and responses to drug therapy.
Although arthritis can affect anyone, certain types of arthritis are
commonly associated with aging. The pathophysiology, medical
management and recommended therapy for the following rheumatic
conditions: osteoarthritis, rheumatoid arthritis, systemic lupus ery
thematosus, gout, pseudogout, polymyalgia rheumatica, bursitis and
tendonitis are discussed below.

OSTEOARTHRITIS

Osteoarthritis (OA), also called osteoarthrosis or degenerative joint
disease, is the most common joint disorder and one of the leading

causes of disability in the elderly. The condition involves cartilage
degeneration, the remodeling of subchondral bone and overgrowth
of .bone at joint margins. Joint effusion and thickening of the syn
ovium and capsule may also occur. Osteoarthritis affects women
more than men; however, both genders are affected with severity
increasing with age. The most affected joints are the weight-bearing
synovial joints of the lower extremity, the spine and the car
pometacarpal and distal interphalangeal joints of the hand (Hannan
2001).

Osteoarthritis occurring without a predisposing condition is called
'primary OA' whereas 'secondary ON results from a local or sys
temic factor, such as trauma, developmental deformity or infection,
or following cartilage damage as a result of another disease or form
of arthritis. The disease process of OA affects the entire joint includ
ing the articular cartilage, synovium, subchondral bone and sur
rounding supportive connective tissues. The most marked changes
in OA involve the articular cartilage. In an unaffected joint, the artie
~l.ar cartilage provides a smooth, almost frictionless weight-bearing
joint surface that spreads and minimizes local loads. Repeated exces
sive loading of normal cartilage and subchondral bone or normal load
ing of biologically deficient cartilage and subchondral bone may lead
to microcracks and uneven distribution of chondrocytes. The degen
erating, thinning cartilage is less able to redistribute forces, leading
to greater force transference to the subchondral bone (Klippel 2001).
This results in subchondral bone hardening and the formation of
osteophytes (bone spurs) at joint margins. As the joint surface deteri
orates, the joint capsule may become lax, leading to joint instability.
OA can be detected on radiographs by decreased joint space, osteo
phyte formation, subchondral sclerosis and subchondral trabecular
fractures. Radiographic evidence of OA is present in the majority of
older individuals although not all are symptomatic. Generally, how
ever, a positive correlation exists between clinical and radiographic
fin~gs. Factors contributing to OA include aging, excess body
weight, occupational or sport joint injury and metabolic or endocrine
disorders.

Clinical characteristics include joint pain, stiffness, tenderness,
instability and enlargement. Periarticular muscle atrophy and weak
ness occur, contributing to disability. Early in the disease course, pain
is worsened by activity and relieved by rest. With disease progres
sion, pain is often present even at rest and may lead to significant
functional impairment. Articular cartilage is devoid of nerve end
ings, thus the pain associated with OA arises from innervated intra
articular and periarticular structures. In the spine, bony overgrowth
may encroach on emerging nerve roots, causing pain. Stiffness,
usually occurring in the mornings and following periods of rest, is
relieved by movement. Motion limitation may be caused by irregular
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joint surface movement because of cartilage degeneration, muscle
spasms due to pain, muscle weakness due to disuse and osteophyte
formation. Crepitus, a clicking or crackling sound, may occur as the
joint is moved. Joints may enlarge because of synovitis, joint effu
sion, connective tissue overgrowth or osteophyte formation. Joint
deformity may occur, as forces are inappropriately distributed
between joint structures.

Inflammation is not a typical characteristic of OA but may occur
as the irritated synovium contributes to the activation of chondro
cytes causing production of a wide range of inflammatory mediators
that release cartilage-damaging products. The imbalance between
chondrocyte synthesis and degradation stimulates further produc
tion of proinflammatory mediators and proteinases. The naturally
occurring tissue inhibitors become overwhelmed and crystals may
be deposited in the degenerating cartilage, sometimes breaking off
into the joint and creating acute or chronic inflammation (Walker &
Helewa 2(04).

The aim of therapeutic intervention is to relieve symptoms, main
tain and improve function and limit the degree of functional impair
ment. Typical therapeutic interventions for OA include education,
rest, pharmacological agents, exercise, weight reduction and possi
bly surgery. Patients should be instructed in joint protection and
energy conservation techniques to help prevent acute flare-ups and to
help minimize joint stress and pain. Regularly administered pharma
cological agents include analgesicsand nonsteroidal antiinflammatory
agents (NSAlAs). Intra-articular corticosteroid injections may benefit
acute joint inflammation.

Rehabilitation should include appropriate weight-bearing and
nonweight-bearing exercise. The evidence-based clinical practice
guidelines of the Ottawa Panel recommend therapeutic exercise for
managing pain and functional impairment of OA (Ottawa Panel
2(05), particularly strengthening and general activity, with or with
out manual therapy. Individualized programs should include
strengthening, range of motion and cardiovascular fitness. To mini
mize stress on the joints, the design of the strengthening program
should include the use of low weights and high repetitions. Exercise
in water is an excellent activity because buoyancy in water reduces
the effect of gravity and the loading effect on joints. Resistive exer
cise that produces increased joint pain during or following exercise
probably indicates too much resistance is being used, stress is being
placed at an inappropriate part of the range of motion or the exercise
is being incorrectly performed. Stretching exercises incorporating a
low load, such as prolonged stretch performed three or more times a
day, will lead to a more appropriate length-tension relationship for
the muscles surrounding the affected joints and may lead to
decreased stress in the intra-articular and periarticular joint struc
tures. Home exercise programs must be carefully planned and mon
itored. Heat may decrease pain and stiffness and cold may decrease
pain and inflammation. Splints, braces and gait devices, such as
~~tches, a wal~er or a rolling walker, may be helpful in decreasing
joint stress. WeIght loss may prevent the onset of symptoms or alle
viate symptoms when present.

Surgical interventions such as arthroscopy, arthroplasty and
angulation osteotomy may provide symptomatic relief, improved
motion and improved joint biomechanics. The most common major
orthopedic procedure performed in the elderly is hip surgery, the indi
cations for thisbeing fracture or pain resulting from OA. A large per
centage of hip and knee replacements are for OA (see Chapters 22
a.nd 23). Although elderly patients are at higher risk for complica
lions than younger patients, most have a satisfactory outcome and
significant relief of pain. Experimental surgical techniques to stimu
late cartilage repair or transplant cartilage are generally not success
ful although select patient populations with focal defects may
benefit (Buckwalter & Mankin 1998).

RHEUMATOID ARTHRITIS

Rheumatoid arthritis (RA), one of the most common of the rheu
matic diseases, is a chronic systemic inflammatory autoimmune dis
order. Clinical features vary among individuals and within the same
individual over the course of the disease. The hallmark feature of RA
is chronic inflammation of the synovium, peripheral articular carti
lage and subchondral marrow spaces. In response to the inflamma
tion, granulation tissue (pannus) forms leading to the erosion of
articular cartilage. Early in the disease process, the synovitis may be
clinically detected as warmth and swelling in joints. As the disease
progresses, joint immobility and reduced vascularity of the syn
ovium makes the degree of inflammation more difficult to detect.
Inflammation in tendon sheaths may lead to tendon fray or rupture.
The clinical manifestation of synovial inflammation is moming stiff
ness related to immobilization which lasts for more than 2h after ris
ing. As a systemic connective tissue disease, RA may result in
systemic and extra-articular pathological changes and these are the
predominant feature of the disease process in some people. Systemic
and extra-articular manifestations include muscle fibrosis and atro
phy, vasculitis, pericarditis, fatigue, weight loss, generalized stiff
ness, fever, anemia, pleural effusion, interstitial lung disease,
keratoconjunctivitis, increased susceptibility to infection, and neuro
logical compromise leading to sensory and/or motor loss.
Subcutaneous nontender nodules may occur on the extensor surface
of the forearm or other pressure areas. The effect of RA is broad,
ranging from mild symptoms resulting in only occasional pain and
discomfort and only slight decreases in function to severe symptoms
with significant pain, decreased function and joint deformity.

The prevalence of RA increases with age, is 2.5 times higher in
women than men and has a peak incidence between the fourth and
sixth decades (Klippel 2(01). The onset of RA may be acute but is
usually insidious. The clinical course of RA is variable and unpre
dictable. In the initial stages, joint pain and stiffness are prevalent,
especially in the mornings. With disease progression, motion
becomes more limited and ankylosis may develop. Radiographic
evidence of the disease becomes apparent over time. Treatment
effectiveness may be difficult to determine because of spontaneous
exacerbations and remissions. Testimonials of 'cures' with unproven
remedies are common, as certain treatment approaches may
have been initiated during the initial stages of a spontaneous
remission.

The etiology of RA is unknown. Evidence exists for a genetic pre
disposition for the disease, which may be triggered by bacteria or
viruses. The pathogenesis of RA is better understood than the etiol
ogy. The characteristic chronic inflammatory process begins with
synovitis, developing as microvascular endothelial cells become
swollen and congested. As the disease advances, the synovium
becomes progressively thickened and edematous, with projections
of synovial tissue invading the joint cavity. Pannus, tumor-like thick
ened layers of granulation tissue, infiltrates the joints destroying
periarticular bone and cartilage. Fibrotic ankylosis may eventually
occur, with bony malalignment, visible deformities, muscle atrophy
and subluxation of joints. In advanced RA, bony ankylosis and signif
icant disability may occur.

A definitive diagnosis is based on a combination of clinical mani
f~tations and laboratory findings, as there is no laboratory test spe
cific for RA. Frequent laboratory findings in people with RA include
decreased red blood cell count, increased erythrocyte sedimentation
rates and positive rheumatoid factor (RF). A positive test of RF is not
diagnostic as RFis found in a small percentage of normal individuals.
However, RF is found in the serum of most adults with RA and may
indicate increased severity (Braun et aI2oo7).



Joint manifestations occur bilaterally, principally affecting the
small joints of the hands and feet, ankles, knees, wrists, elbows, hips
and shoulders. Typically, the metacarpophalangeal and proximal
interphalangeal joints of the hand are affected, with sparing of the
distal interphalangeal joints. In axial involvement, the upper cervical
spine is most affected. Tenosynovitis of the transverse ligament of
the first cervical vertebra and disease of the cervical apophyseal
joints may lead to instability and cord compression. A thorough neu
rological examination should be conducted to determine involve
ment. Most of the joints ultimately affected by RA will be involved
during the first year of the disease.

Joint deformities result from synovitis, pannus formation, carti
lage destruction and voluntary joint immobilization because of pain.
The change in joint mechanics from cartilage degeneration and the
erosive effect of chronic synovitis may lead to ligament laxity. The
changed mechanics result in abnormal lines of pull from tendons,
leading to joint deformity. Additionally, tenosynovitis may occur,
causing an obstruction of tendon movement within the tendon
sheath and/or tendon rupture. Nodular thickening may occur, lead
ing to a 'locking' sensation or rupture of the tendon. Synovitis can
lead to compression of nerves, particularly in the carpal tunnel and,
less commonly, the tarsal tunnel. The ulnar nerve may be com
pressed at the elbow or in the hand.

Common deformities of the hand include radial deviation of the
wrist, ulnar deviation at the metacarpophalangeal joints and defor
mities in the fingers. Flexion deformity of the elbow and loss of shoul
der motion is common. Because of the weight-bearing nature of the
lower extremity, major disability can result, particularly in the toes and
ankles. Cock-up deformities of the toes and subluxation of the
metatarsal heads with concurrent migration of the metatarsopha
langeal fat pad result in significant pain in walking.

Effective treatment of RA attempts to reduce the inflammation,
provide pain relief, maintain and restore joint function and decrease
the development of joint deformity. Medications include NSAIAs,
corticosteroids, slow-acting antirheumatic drugs and disease
modifying antirheumatic drugs. Patients must balance activity and rest.
Fatigue may be decreased with appropriate rest, which may include
8-10 h of sleep at night and an afternoon nap. Energy should be con
served for daily activities. Prolonged bedrest has not proven to be ben
eficial. Therapeutic exercise cannot alter the course of the disease but
can help prevent deformity and loss of motion and muscle strength.
Clinical practice guidelines developed by the Ottawa Panel empha
size shoulder, hand, knee and whole body functional strengthening at
low intensities (Ottawa Panel 2004a). Active and passive range of
motion exercise, pain-tree isometrics and proper positioning and pos
ture should be performed regularly to achieve functional goals. Joint
stressing activities should be avoided. Water is an excellent medium
for active individual or group structured exercise, although the water
temperatures for patients with RA may need to be higher than usual.
Splints and assistive devices should be used as needed to protect the
joints. During active inflammatory periods, exercise should be per
formed carefully, with special care taken to protect the joints. Heavy
resistive exercise should be avoided as the joint compression that
occurs with this exercise could increase pain and contribute to joint
damage. Because the limitation of motion is due to distended joint
capsules and not to adhesions, forceful stretching should be avoided.
During times of remission, non- or low-impact aerobic conditioning
such as swimming or stationary bicycling can be performed within the
patient's tolerance. Gentle stretching can be performed. Relaxation
exercises often help to decrease muscle tension and stress.

Strong clinical evidence exists for the inclusion of low-level laser
therapy, therapeutic ultrasound, thermotherapy and transcutaneous
electrical stimulation in the management of RA. Convincing evi
dence is lacking on the benefit of electrical stimulation for treating RA
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(Ottawa Panel 2004b).Surgical procedures may be performed with
the goal being to reduce pain, improve function and correct instabil
ity or deformity. Common surgical procedures include tenosynovec
tomy, tendon repair, synovectomy, arthrodesis and arthroplasty.

SYSTEMIC LUPUS ERYTHEMATOSUS

Systemic lupus erythematosus (SLE) is an autoimmune disease pri
marily affecting young women. The peak incidence of SLE occurs
between the ages of 15 and 40, but it may affect both younger and
older people, with a female to male ratio of approximately 10:1.The
disease course varies widely from a relatively benign to a life-threat
ening illness (Robbins 2001).Mortality rates increase with age and are
higher among people of lower socioeconomic status (Ward et aI 1995).

The etiology of SLE is unknown but may involve immunological,
environmental, hormonal and genetic factors. The prime causative
mechanism is thought to be autoimmunity in which tissues are dam
aged as antibodies are produced against many body components
such as blood vessels, red blood cells, lymphocytes and various
organs. Antibodies directed against components of the cell nucleus,
antinuclear antibodies (ANA), are found in most SLE patients.

Two ANA molecules, ANA-DNA and ANA-Sm, are unique to SLE
and are usedas diagnostic criteria. The diagnosis of SLE is based on
clinical manifestations supported by laboratory tests. Clinical criteria
developed by the American College of Rheumatology for classification
of SLE include skin rash, renal dysfunction, blood disorders, arthritis,
cardiopulmonary dysfunction, neurological/psychiatric problems and
abnormal immunological tests (Hochberg 1997). Clinically apparent
nephritis develops in many cases and biopsies may be used to assess
the degree of kidney damage. Photosensitive skin disorders are com
mon, especially an acute inflammatory rash on the malar regions of the
face, known as 'butterfly rash', or on the upper extremities or trunk.
Subacute symmetrical and widespread lesions or chronic disk-shaped
scaly lesions may appear. Pleurisy, pericarditis, chronic interstitial lung
inflammation, heart valve abnormalities and thromboses are common
with varying degrees of severity. Neurological and psychiatric mani
festations include seizures and psychosis. Gastrointestinal mani
festations include diffuse abdominal pain, nausea and vomiting, and
anorexia. The arthritis associated with SLEmay be symmetrical or non
symmetrical and typically affects the small joints of the hands, wrists
and knees. Typically, the arthritis is nonerosive but deforming
arthropathy, particularly of the hands, can develop as a consequence of
recurrent inflammation.

Although the short-term prognosis has improved in recent years,
the long-term outlook for patients with SLE is generally poor, with
complications resulting from either the disease itself or as a conse
quence of treatment. Late complications of SLEinclude end-stage renal
disease, athero-sclerosis, pulmonary emboli, venous syndromes, avas
cular necrosis and neuropsychological dysfunction (Robbins 2001).

Treatment of SLE is determined by disease activity and severity.
Drugs that suppress inflammation and interfere with immune sys
tem functioning are commonly prescribed. NSAIAs may be used to
treat musculoskeletal complications. Skin lesions may be treated
with corticosteroids and antimalarial agents. Corticosteroids are
used in the treatment of systemic symptoms of SLE such as peri
carditis, nephritis, vasculitis and central nervous system involve
ment. In some patients, cytotoxic drugs such as methotrexate,
azathioprine and cyclophosphamide are prescribed. Patients must
be monitored closely for side effects.

Patient education is paramount in the treatment of SLE. The
patient must understand that periods of remission and exacerbation
are typical. Many SLE patients are photosensitive and must be
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reminded to avoid or reduce sun exposure when possible. SLE
patients are at an increased risk of infection and should be informed
of the importance of the prompt evaluation of unexplained fever.
The patient should be urged to get adequate rest. Physical rehabili
tation may be helpful to increase strength and motion and to splint
affected joints. Heat may be used to relieve joint pain and stiffness.
Regular active exercise may prevent contractures.

GOUT

Gout is a metabolic disease characterized by the deposition of
monosodium urate crystals in connective tissues, resulting in painful
arthritis. The hyperuricemia associated with gout may result from a
variety of factors including a genetic defect in purine metabolism,
which leads to an overproduction and/or undersecretion of uric
acid. Other associated factors include obesity, diet, lifestyle, renal
dysfunction and hemoglobin levels. Diuretics can lead to an under
excretion of uric acid and may playa role in the pathogenesis of gout
(Choi et al 2(05). Primary gout typically occurs in men, with a peak
incidence in the fifth decade, and commonly causes short-term dis
ability. Gout may also occur in postmenopausal women especially
when diuretics are used. Secondary gout occurs primarily in the
elderly and results from the hyperuricemia associated with diseases
such as diabetes mellitus and hypertension. The mechanisms are not
fully defined but are probably due to diminished renal function,
dehydration, decreased tissue perfusion and the effect of certain
drugs leading to uric acid overproduction or underexcretion. Gout is
relatively common in organ transplant recipients because of the use
of ciclosporin and due to reduced renal function, regardless of the
organ transplanted.

The clinical course of gout typically follows four stages: asympto
matic,acute, intercriticaland chronic.An asymp-tomatic period of urate
crystal deposition in connective tissue often appears before the first
episode of gouty arthritis. The initial episode of gout is typically sud
den, often occurring during the night. The patient awakes with severe
unexplained joint pain and swelling. The first metatarsophalangeal
joint is commonly affected. The ankle, tarsal joints and knee may also
be involved. Acute attacks may be precipitated by trauma, alcohol,
drugs or acute medical illness. The intercritical stage is characterized
by symptom-free periods which may last from months to years. The
presence of crystal deposition persists during these asymptomatic
periods and aspiration of the joints may confirm the diagnosis. The
chronic stage of gout is characterized by tophi, large masses of urates
within the subarticular bone or surrounding soft tissues. Less com
monly, tophi form in the internal organs. Tophi deposits precipitate
joint erosion and tendon rupture. The arthritic clinical manifestation
of chronic gout may resemble RA,although gout is usually more asym
metrical and can involve any joint.

Not all individuals with hyperuricemia will develop gout. The
presence of monosodium urate crystals in synovial fluid is generally
considered necessary to establish a definitive diagnosis. Even during
asymptomatic periods, monosodium urate crystals may be demon
strated in synovial fluid aspirated from previously involved joints as
well as from joints that have never been involved. Serum uric acid lev
els are less helpful in definitive diagnosis, especially in the acute
phase, but levels will eventually become elevated.

Treatment of gout is aimed at terminating acute attacks, reducing
hyperuricemia, preventing recurrence and preventing erosive joint
damage and kidney complications. During acute attacks, NSAIAs or
colchicines may be used to relieve symptoms. Corticosteroids and
adrenocorticotrophic hormone may be used when colchicines and
NSAIAs are ineffective or contraindicated (Robbins 2001). Included

in the treatment regime are bedrest, joint immobilization and local
cold application to inflamed joints. Attack frequency may bedecreased
by certain dietary and lifestyle changes. Recom-mended dietary
modifications include the avoidance of alcohol and a restriction of
purine-rich foods, such as liver, kidneys, shellfish, salmon, peas,
beans and spinach. Weight loss and the avoidance of repetitive
trauma are helpful prophylactic measures that may enable drug
therapy to be avoided during intercritical periods. Infected or ulcer
ated tophi may require excision.

Practical considerations include the use of a bed cradle to keep
bed covers off inflamed joints, the intake of plenty of fluids to pre
vent the formation of kidney stones, prompt treatment of acute
attacks and rapid attention to the side effects of drug therapies.
Assistive devices may also be used to decrease stress on inflamed
joints.

PSEUDOGOUT

Pseudogout (PC), a chronic recurrent arthritis similar to gout, results
from calcium pyrophosphate dihydrate (CPPD) crystal deposition in
articular and periarticular structures. The presence of CPPD crystals
in joint tissue is common in the elderly, and there is only a weak cor
relation with joint pain. The risk of CPPD-associated disease
increases with age but occurs half as commonly as gout, with a near
equal occurrence in men and women. The pattern of joint involve
ment is symmetrical, although possibly more advanced on one side.
Acute PC is characterized by self-limiting attacks of acute joint pain
and swelling. Any synovial joint may be affected but the knee is the
most common. The pain associated with PC is less severe than with
gout. Calcification from CPPD crystal deposits will characteristically
be demonstrated on well-exposed radiographs of the knees and
wrists. Acute attacks may be provoked by surgery, trauma or severe
illness. Joint inflammation and destruction may occur simultaneously
or independently, thus resembling other rheumatic diseases. Defini
tive diagnosis is made through the demonstration of CPPD crystals.
Acute attacks are managed through joint aspiration to relieve pressure,
injection of steroids, administration of analgesics and NSAlAs, as well
as the use of oral or intravenous colchicines.

Individuals with PC may experience multiple joint involvement,
with low-grade inflammation lasting for weeks or months. The
morning stiffness, fatigue, synovial thickening and flexion contrac
tures associated with PG may lead to a misdiagnosis of RA. The pat
tern of joint degeneration in PG is distinctive from OA in that
symmetrical involvement is most typical. Rehabilitation of indi
viduals with pseudogout should focus on joint protection during
acute attacks, maintenance of range of motion and energy conserva
tion practices.

POLYMYALGIA RHEUMATICA

Polymyalgia rheumatica (PMR) is a common systemic inflammatory
disorder in the elderly and is characterized by the gradual develop
ment of persistent pain, weakness and stiffness in proximal muscles,
combined with fever, weight loss and high erythrocyte sedimenta
tion rates. More common in women than men, PMR occurs mostly
in those over 50 years of age, with a peak incidence in the sixth to
eighth decades. PMR affects the white population more than other
ethnic groups and particularly those in the northern areas of the US
(Rarnesh 2(03). Symptoms are usually symmetrical and onset may be
abrupt. Stiffness is typically worse in the morning. Tenderness and
stiffness is most common in the muscles of the shoulder and pelvic



girdles and neck but may be present in the knees, wrists and hands.
Differential diagnosis of PMR from hypothyroidism, malignancies,
RA,SLEand infectious diseases is critical. Giant cell arteritis (GCA),
also known as temporal arteritis, is a systemic inflammatory disor
der affecting large and medium-sized blood vessels. The pain pres
entation may be similar to that in PMR and the conditions may
coexist in some people. The vasculitis associated with GCA may lead
to severe occlusive disease and result in stroke and blindness.
Symptoms include headache, visual disturbance, scalp tenderness
and abnormalities in the temporal arteries. The coexistence of PMR
and GCA is common in the elderly (Kennedy-Malone & Enevold
2(01)and GCAresults in blindness more often in men than in women
(Nir-Paz et al2002).

The diagnosis of PMR is based on clinical manifestation sup
ported by laboratory tests such as high erythrocyte sedimentation
rates and C-reactiveprotein levels.Resultsof muscle enzyme tests and
biopsies,and plain film radiographs, do not contribute to differential
diagnosis. PMR responds dramatically to prednisone therapy; thus,
the response is used in diagnosis as well as treatment. The optimal
dose is the lowest dose that will control symptoms and long-term
side effects such as osteoporosis,diabetes, hypertension and gastroin
testinalproblems should be monitored and treated. The disease is typ
ically self-limiting, lasting 2-7 years. Patients should be warned of
the signs and symptoms of GCA. Later in the course of the disease,
stretching and strengthening exercises may be helpful. Modalities
such as ice and electrical stimulation may be used to decrease pain.
The use of assistivedevices may decrease the risk of falls.

BURSITIS

Bursas are small sacs with a synovial-like membrane that contain a
fluid that is indistinguishable from synovial fluid. Located in areas of
potential friction, bursas are commonly located between bones and
ligaments, skin or muscles. An example is the ischialbursa, which lies
between the ischial tuberosity and the gluteus maximus. Bursitis is
defined as inflammation of the bursa and may occur in the superficial
bursas of the shoulder, greater trochanter, knee or elbow, or in deeper
bursas of the ischial tuberosity, iliopsoas and popliteal areas. As a
response to the stimulus of inflammation, the lining membrane may
produce excess fluid, causing distension of the bursa.

Bursitismay be caused by an acute trauma, such as a direct blow to
the area, forexample when trochantericbursitis develops as a result of
a fall on the greater trochanter. Chronic trauma may be causative, as
is seen with overuse syndromes such as olecranon bursitis, which
results from leaning on the elbow for extended time periods. Septic
bursitis may occur secondary to the entry of bacteria from a puncture
wound or fissuring of the bursal sac, such as may occur with other
disease processes such as RA, gout, tuberculosis and syphilis. The
bursal fluid may be aspirated and cultured to determine if infection is
present.

Clinical characteristics may include joint distension (effusion),
pain, redness, increased temperature and loss of function at the
involved joint. Pain is usually worsened by activity at the involved
joint and relieved by rest; however, pain may continue to be present
at rest but with a lesser severity. The pain is typically described as a
deep aching discomfort. Both active range of motion (AROM) and
passive range of motion (PROM) are usually normal, with increased
pain at the end of the range in the direction of stress to the bursa (e.g.
elbow flexion with olecranon bursitis). Range of motion may be lim
ited because of pain if the condition is very acute or the bursa
becomes pinched during the movement, as with shoulder flexion or
abduction causing the subacromial bursa to be pinched under the
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acromion process. Resistive testing is usually negative as the bursa is
a noncontractile tissue, but discomfort may be caused from the con
traction of neighboring muscles encroaching on the swollen bursa.
Palpation directly over the area is typically painful.

Therapeutic interventions for acute bursitis include protecting
and resting the area, icing,antiinflammatory medications, iontophore
sis and phonophoresis. Relieving the cause of the bursitis by altering
postures or modifying environmental factors is helpful. An example
is padding wheelchair armrests or wearing protective elbow pads
to reduce trauma to the olecranon bursa. Another example is discon
tinuing work performed overhead, a position that may further
aggravate an inflamed subdeltoid bursa. Oral NSAlAs or local corti
costeroid injections may be beneficial in reducing the inflammation
and pain. As the acute inflammation subsides, pain-free AROM is
encouraged to help to increase metabolism in the area and decrease
swelling. In cases of chronic bursitis, determining the cause of the
problem becomes the most important factor in successful treatment.
A patient with chronic trochanteric bursitis may benefit from stretch
ing of a tight iliotibial band. Surgical intervention is uncommon and
depends on the extent of the disease process. Surgery usually has
the goal of creating more area for structures to move, such as an
acromioplasty or removal of osteophytes from the undersurface of the
acromion process and acromioclavicular joint.

TENDONITIS

Tendonitis is defined as inflammation of a tendon; tenosynovitis is
defined as inflammation of a tendon and tendon sheath. The tendon
may become inflamed in many areas, as a result of several mecha
nisms. Inflammation may occur within the tendon itself, at the area
where the tendon fuses with the muscle (musculotendinous junc
tion) or where the tendon attaches to bone (tenoperiostial junction).
Determining the exact location of the lesion is extremely important,
as successful treatment needs to be directed at the exact lesion site.
Tenosynovitis may occur from overuse, unaccustomed activity or
puncture wounds. In the absence of a precipitating trauma, the pres
ence of tenosynovitis may indicate a systemic inflammatory process.

A common cause of tendonitis is anatomical or biomechanical con
straint to the tendon, such as supraspinatus tendon impingement by
the coracoacrornial arch. Other common mechanisms include micro
trauma because of repeated overload, such as the flexor tendons of
the hand undergoing repeated contractions in a keyboard operator,
and macrotrauma to a tendon. Calcific tendonitis occurs when cal
cium deposits form in the tendon, resulting in decreased blood sup
ply to the tendon. Commonly affected tendons are the Achilles,
rotator cuff, bicipital, patellar, posterior tibial and the common
extensor group of the wrist. In the geriatric population, pain from
Achilles or posterior tibial tendonitis must be differentiated from
pain of vascular origin, such as thrombosis or thrombophlebitis. Calf
deep vein thrombosis may be identified by the clinical Homan's sign
test or by Doppler ultrasonography.

Clinical characteristics of tendonitis include pain, edema, red
ness, increased temperature and loss of function at the involved
joint. Symptoms are typically worsened by use of the involved ten
don, especially with eccentric loading of the tendon, for example
when going downstairs with patellar tendonitis. Use of the tendon in
a range of motion in which it is likely to be impinged (painful arc)
will also reproduce the patient's pain. An example is the painful arc
produced by overhead abduction with supraspinatus tendonitis.
Although commonly relieved by rest, if acute, pain may be present
even at rest. Active motion may be painful with muscle contraction
of associated tendons. Passive motion may be painful, especially that
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resulting in full elongation of the tendon such as full shoulder exten
sion, elbow extension and pronation with bicipital tendonitis. Resistive
testing is the key clinical diagnostic test with the tendon being strong
and painful upon resistance. Palpation directly over the tendon is typ
ically painful. In the case of a partial tear of the tendon, the resisted
motion will characteristically present as weak and painful.

Typical therapeutic interventions for acute tendonitis include pro
tection and rest of the area and the use of ice and antiinflammatory
medications. Also essential is the relief of any possible causes of the
tendonitis by altering or modifying work and/or environmental fac
tors that may be contributing to the problem, such as an office worker
with extensor carpi ulnaris tendonitis who may further aggravate the
condition by continuing to type. Corticosteroid injections into the ten
don or tendon sheath may be beneficial in acute cases but are not indi
cated for chronic lesions (Speed 2(01).

As the acute inflammation subsides, pain-free active motion is
encouraged to help provide nutrition to the area and decrease
swelling. In cases of chronic tendonitis, determining the cause of the
problem becomes the most important factor in successful treatment.
If a patient has a chronic supraspinatus tendonitis, the cause, for
example weak shoulder external rotators or a bone spur on the infe
rior side of the acromion, needs to be identified. Chronic tendonitis
is usually the result of poor blood flow to the injured area combined
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with a continued stress that does not allow for adequate maturation
of the healing tissue. Transverse friction massage may be used in
chronic tendonitis to increase the mobility of the scar and stimulate
healing of the scar tissue with normal fiber alignment. Surgical inter
vention is only performed when conservative measures have not
improved the condition. These procedures usually have the goal of
creating more area for structures to move, such as an acromioplasty
or removal of osteophytes from the undersurface of the acromion
process and acromioclavicular joint in impingement syndrome.

CONCLUSION

Considering the increasing prevalence of rheumatic conditions, espe
cially in the aging population, therapists should be aware of the signs
and symptoms, current research, medical management and therapeu
tic interventions. It is important to note that there are more than 100
types of arthritis and many people live with chronic joint symptoms
but have not yet been diagnosed with a disease. The clinician should
engage in prevention and self-management education, make appro
priate referrals to other healthcare providers and advocate for access
to advances in medical care, surgery and physical rehabilitation.
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INTRODUCTION

Shoulder pain and dysfunction are common complaints for elderly
individuals. The prevalence of impairments of the shoulder
increases steadily with age, affecting about 20% of those aged 70
years and older (Makela et all999, Vogt et aI2oo3). Shoulder disor
ders in the elderly can lead to significant disability.Functionallimita
tion is correlated with shoulder impairment, especially loss of range
of motion (ROM)(Chakravarty & Webley 1993).Important activities
such as feeding, dressing and personal hygiene can be compro
mised. Impairment combined with intermittent or constant pain can
diminish the quality of life.

Because shoulder impairment and pain can produce functional
limitation, tests and measures of pain, impairment and functional
limitation should always be incorporated into the examination and
evaluation of the aging shoulder. Visual analogue scales have been
shown to be valid and reliable measures of pain (Bergh et al 2000).
The Shoulder Pain and Disability Index (Roach et al 1991) and the
simple Shoulder Test (Beaton & Richards 1996) are measures of
shoulder function for which validity and reliability have been estab
lished. Other shoulder function measures are available, and they will
be discussed later in this chapter. The purpose of this chapter is to
review rehabilitation concepts for the following shoulder problems
that may affect the elderly: (i) degenerative rotator cuff; (il) fracture
of the proximal humerus; (iii) shoulder arthroplasty; and (iv) shoul
der pain with hemiplegia.

DEGENERATIVE ROTATOR CUFF

Rotator cuff pathology is the most common affliction of the shoulder
(Akpinar et al 2003). The rotator cuff is composed of the musculo
tendinous insertions of the supraspinatus, infraspinatus, teres minor

and subscapularis muscles. These structures are important for nearly
all shoulder functions, especially activities that require overhead arm
function.

Advancing age is correlated with pathology of the rotator cuff
(Feng et al2oo3). A lifetime of activity can lead to degeneration of the
rotator cuff in association with osteoarthritis of the glenohumeral and
acromioclavicular joints. Degeneration can cause partial or full thick
ness tears in the cuff.

Degeneration of the rotator cuff can be associated with subacro
mial impingement syndrome. It is important to evaluate the postures
of the thoracic spine and scapulae when evaluating the patient with
degenerative rotator cuff disease. Subacromial impingement can be
induced by excessive thoracic kyphosis and protracted scapulae.
These postural misalignments place the glenoid and acromion in a
downward and forward position, which encourages subacromial
impingement when the arm is elevated (Fig. 21.1). When these pos
tural malalignments are present, interventions should include exer
cises aimed at establishing a more upright postural alignment.
Exercises for degenerative rotator cuff should be designed to avoid
worsening a subacute inflammatory process. The therapist should
incorporate exercises to avoid positions that cause subacromial

Figure 21.1 Excessive thoracic kyphosis (A) leads to impingement
in the subacromial space during elevation of the arm. Upright
posture (8)allows arm elevation without impingement.
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Problem Intervention

Table 21.1 Interventions for degenerative rotator cuff

FRACTURE OF THE PROXIMAL HUMERUS

Nondisplaced fracture of the proximal humerus is a common injury
in older individuals. A fall on the outstretched ann is often the mech
anism of injury. These fractures are sometimes labeled as pathologi
cal; this is because generalized osteoporosis has weakened the bone
enough that relatively minor trauma is sufficient to cause a fracture
(McKinnis 1997). Metastatic bone disease can also lead to pathologi
cal fracture.

Nondisplaced or minimally displaced fractures account for
approximately 85% of fractures of the proximal humerus (Skinner
et aI1995). There is generally no need for operative fixation of these
fractures. Management involves a period of sling immobilization
followed by early ROM exercises. The sling continues to be worn
when not exercising. There is no clear consensus regarding the
length of time for immobilization before the initiation of exercise.
Initial formation of bone callus takes about 3 weeks, and some rec
ommend that movement should be avoided during this period to
stabilize the fracture fragments (Malone et al 1995). Others suggest
that exercises should begin within 7-14 days of injury (Basti et al
1994, Koval et al 1997).One should expect loss of function of the joint
capsule and muscles about the shoulder during the period of immo
bilization. This is primarily a function of the development of fibrous
adhesions in response to bleeding in the capsule.

When callous formation allows, active-assistive motion exercise
should begin. It is unwise to apply passive stretching until there is
radiographic evidence of fracture union (usually about 6 weeks).
External resistance exercises should also be avoided during this
period. Isometric exercises may be considered from the time of
injury, provided there is no risk of displacement of the fracture frag
ments by muscular contraction. Thisis a concern whenever the frac
ture involves the greater or lesser tuberosities. Submaximal isometric
exercise may be appropriate to encourage muscle contractility with
out risking displacement of fracture fragments. An outline of general
exercise interventions for nonoperative proximal humeral fractures
appears in Table 21.2.

About 15% of fractures of the proximal humerus involve displace
ment of fragments by more than 1 em, or angulation of fragments by
more than 45°. The four important fracture fragments are: (i) humeral
head; (ii) greater tuberosity; (iii) lesser tuberosity; and (iv) humeral

patient with degenerative rotator cuff tear. Because the restoration of
full active overhead mobility is unlikely, assisted ROM exercises must
often be continued indefinitely. Thisis important to prevent additional
pathology such as adhesive capsulitis.

Rest, modalities (ice, heat, ultrasound,
electrical stimulation)

Gradual introduction: touch topof
head, back of neck, low back. Adapt
activities of daily living to functional
capabilities

Thoracic spinal extension exercises

Scapular retraction exercises

Passive and assisted ROM exercises
(assistance from noninvolved upper
extremity, overhead pulley, wand)

Isometrics, side-lying isotonics for
internal and external rotators, assisted
eccentric lowering of arm from
overhead

Maximize function

Maintain or improve strength

Pain and inflammation

Excessive thoracic kyphosis

Protracted scapulae
-----'------------

Maintain or improve ROM

impingement and pain. Table 21.1 summarizes rehabilitation inter
ventions for degenerative rotator cuff without tear.

When tear of the degenerative rotator cuff is present, the history
and presentation are typical. The patient usually does not report
trauma. A common scenario involves the sudden inability to raise
the arm overhead during a functional activity. Pain mayor may not be
reported. Examination shows that the patient cannot hold the ann in
the 90° abducted position (failure of the drop-arm test). Because of
the poor condition of the degenerative tissues, operative repair for
tears of the rotator cuff is rarely considered for older individuals.
The metaphor of 'trying to anastomose cooked spaghetti' is some
times helpful to conceptualize the rationale for nonoperative man
agement of degenerative rotator cuff tear.

The success of nonoperative management of rotator cuff tear is asso
ciated with the initial amount of ROM and strength (Itoi & Tabata
1992).For thisreason, it is unreasonable to expect full functional return
for the degenerative rotator cuff tear patient who cannot actively raise
the ann above the head at initial evaluation. Management should be
aimed at decreasing inflammation and pain (when present), maintain
ing full passive ROM and maximizing strength and functional ability.
The interventions summarized in Table 21.1 are appropriate for the

Table 21.2 Exercise interventions for proximal humeral fracture (nonoperative)

Problem Exercise

Maintain or improve ROM Assisted ROM (wand, wall climbing, pendulum)
Passive ROM. stretching (overhead pulley)

Timeline

7-14 days or radiographic evidence of callus (usually 3 weeks)
Radiographic evidence of union, usually 6 weeks

Maintain or improve strength Submaximal isometrics
Full active ROM against gravity
External resistance isotonics

Usually immediately; no risk of fragment displacement
Radiographic evidence of union, usually 6 weeks
Ability to perform full active ROM against gravity; radiographic
evidence of union, usually 6 weeks

Maximize function Touch topof head, back of neck, low back Assisted: radiographic evidence of callus, usually 3 weeks.
Unassisted: radiographic evidence of union, usually 6 weeks
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Table 21.3 Expected passive range of motion at 12 months
aftershoulder arthroplasty

of the particulars of each patient's case. Realizing a successful func
tional outcome following shoulder arthroplasty requires a well
coordinated and consistent effort by patient, surgeon and therapist
(Brown & Friedman 1998).Often,the patient may consider the outcome
successful if pain has been reduced enough to allow an uninter
rupted night of sleep. Significant functional loss preoperatively,
especially that related to coexisting degenerative rotator cuff disease,
may necessarily limit expectations for functional outcomes (Iannotti &
Williams 1995). Expected outcomes for ROM have been reported by
Brown and Friedman (1998) (see Table 21.3). At a minimum, pain
free performances of feeding, dressing and personal hygiene activi
ties are desirable. Failure rates for this procedure range from 9.6% to
25% (Wirth & Rochwood 1994). Because of the relatively high poten
tial for complications, the rehabilitation program should be carefully
designed to advance the patient through progressive stages of tissue
healing, joint mobilization and muscle strengthening (Brems 1994).
The focus of the rehabilitation program should be on ROM and
strengthening exercises, and the restoration of functional capabili
ties. Thermal, electrical and acoustical modalities should play an
adjunctive role only.

Ideally, the therapist should meet with the patient and primary
caregivers preoperatively. Impairments of ROM and strength and
functional disability should be measured and documented. Several
systems have been developed for the assessment of pain, disability
and dysfunction (Kuhn & Blasier 1998). Validity and reliability have
been established for some of these systems. One system, the
American Shoulder and Elbow Surgeons Standardized Shoulder
Assessment and Shoulder Score Index, includes subjective (patient
self-evaluation) and objective (measurement of impairments) com
ponents. A numerical score (maximum 100 points) can be derived
from this assessment.

The results of the preoperative evaluation, along with postoperative
exercises, precautions and activities should be demonstrated and dis
cussed with the patient and caregivers. The patient should under
stand that pain and stiffness are to be expected but that they will
resolve with diligent performance of the postoperative program. The
patient should begin practicing the exercise program immediately to
promote ease of performance postoperatively. The therapist should
discuss preoperative findings with the surgeon. This preoperative
consultation provides the opportunity to establish specific interven
tions that may be required on a case-by-case basis.

The postoperative program can beginas early as the day of surgery
when surgical anesthesia and postoperative analgesics may minimize
pain and facilitate movement. It is unwise to delay initiation of the
program longer than48h. Initially, the patient typically wears a sling
when not exercising to protect the shoulder in a position of internal
rotation, a few degrees of flexion and a few degrees of abduction.
Pillows may be used to assist in maintaining this protected position
and ice may be applied to minimize swelling and pain.

AfterBrown DO Et Friedman RJ 1998. with permission.

shaft. These fractures usually require operative reduction and internal
fixation (ORIF) to allow fracture healing and return of function. More
serious fractures can interrupt the blood supply to the humeral head.
This interruption can lead to necrosis, which may require hemi
arthroplasty.

Rehabilitation following ORIF varies depending on the classifica
tion of the injury and stability of fixation. Close communication
with the surgeon can facilitate proper progression of the rehabilita
tion program without risking a delay in healing or reinjury. Some
older patients may not be candidates for ORIF because they cannot
reasonably be expected to tolerate (or survive) anesthesia. In other
cases, osteoporosis may reduce bone stock to the point at which
hardware fixation cannot be achieved. Complete restoration of func
tion may be an unrealistic goal for these patients. Still, every attempt
should be made to maximize functional outcomes (e.g. dressing and
grooming).

In 1970, Neer described five categories for classification of proxi
mal humeral fractures. Category I involves one part and is non or
minimally displaced. Category II is a two part fracture with one part
displaced more than 1em or angulated greater than45°.A category III
is a three-part fracture involving two parts displaced and/or angu
lated from each other and from the remaining part. A category IV
fracture is described as four parts displaced and/or angulated from
each other. A category V is a fracture dislocation with displacement
of the humeral head from joint space with fracture.

SHOULDER ARTHROPLASTY

Arthroplasty at the shoulder can be categorized as hemiarthroplasty or
total shoulder arthroplasty (TSA).Hemiarthroplasty replaces only the
humeral head, whereas total shoulder arthroplasty replaces both the
humeral head and the scapular glenoid surface. Hemiarthroplasty is
often the procedure of choice for older individuals who have suf
fered three- or four-part fractures, especially if there has been sub
stantial damage to the articular surface of the humerus or when
there is substantial osteoporosis (Hartsock et al 1998). The primary
indication for TSA is severe, chronic and progressive pain related to
osteoarthritis of the glenohumeral joint (Fenlin & Frieman 1998).
Hemiarthroplasty is favored over TSA when rotator cuff deficiency
coexists with arthritis (Smith & Matsen 1998).Approximately 85% of
TSA surgery is performed for patients with osteoarthritis or rheuma
toid arthritis, with secondary arthritis accounting for the remaining
15% of TSA surgeries (Cuomo & Checroun 1998).TSA can be further
subdivided into nonconstrained, constrained and semi- or partially
constrained. Stability of the nonconstrained TSA relies on several fac
tors, including surgical reconstruction of the soft tissues surrounding
the joint and anatomical alignment and fit of the components. Today,
nonconstrained is the most common type of TSA. Semiconstrained
TSA uses the architecture of the device (usually a 'hooded' glenoid
component) to minimize instability in one direction (i.e, superior
migration of the humeral component). The glenoid component of a
constrained TSAcompletely engulfs the humeral head component in
a 'ball and socket' arrangement so that unwanted motion is con
trolled by the components. This type of TSA is rarely used today.
Modem humeral arthroplasty components are often modular, which
means that different balls can be sized to different stems. Modularity
is thought to promote optimal anatomical sizing and fit. Humeral and
glenoid components mayor may not be cemented in place.

It can be appreciated from the preceding discussion that there are
a myriad of surgical variables that may influence the course of post
operative rehabilitation. It is imperative that the therapist communi
cate carefully with the surgeon to ensure an adequate understanding

Motion

Elevation

External rotation

Internal rotation

Intact rotator cuff

160°

75°

80°

Tissue-deficient

90°

30-40°

45-50°
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After Brown DD Et Friedman RJ 199B, with permission.

Table 21.4 Timeline for progression of postoperative
rehabilitation program

Brown and Friedman (1998)have suggested a timeline strategy for
the postoperative rehabilitation program (see Table 21.4). Timeline
strategies use known principles of soft-tissue healing to direct pro
gression of the rehabilitation program. The patient's ability to attain
functional milestones should also be incorporated in the decision
making process regarding progression of the rehabilitation program.
Considering the patient's ability to attain functional milestones
while respecting soft-tissue healing principles can ensure a cus
tomized and safe postoperative rehabilitation program.

Initial postoperative intervention begins with threeor four assisted
ROM exercise sessions per day. These sessions should be short (about
5min) and can be preceded by the application of modalities or anal
gesics. Assisted ROMexercises should include: pendulum, supine ele
vation, supine external rotation with wand for assistance, overhead
pulley elevation and supine abduction with external rotation (hands
clasped behind neck). Exercisesshould be designed so that the patient
can assist with the unaffected upper extremity. Gentle passive motion
can be applied by the therapist to ensure attainment of maximum
available ROM. Each exercise should be held in the position of maxi
mum available ROM for 15seconds, and should be repeated threeor
four times.

If all has gone well, ROMshould improve to about 1200 elevation
and 400 external rotation by the time sutures are removed (10-14 days
postoperatively). Exercise frequency may be decreased to twice daily,
and duration of exercise can be increased to 10minutes. Each exercise
should be held in the position of maximum available ROM for 30sec
onds and should be repeated threeor four times. An assisted internal
rotation ROM exercise (hands behind back, uninvolved hand pulls
involved hand up the back) can be added to the program; the assisted
external rotation exercise can be progressed so the patient stands and
uses a doorway for assistance; and the assisted elevation exercise can
be advanced to the standing position using a wand or the doorway for
assistance. Active strengthening exercises should be initiated at this
time (see below).

Once the elevation range reaches 1600 and the external rotation
range reaches 600 (usually within 3-6 weeks postoperatively), eleva
tion, external rotation and internal rotation stretching exercises
should increase in vigor. Stretching into the direction of horizontal
adduction should be added. All exercises should be held in the posi
tion of maximal available stretch for 60seconds and repeated two or

Early strenqtheninq
(weeks 4-6)

Moderate strengthening
[weeks 6-10)

Maximal strengthening
(week 12to 6 months)

Isometric shoulder movements: stretch
shoulder internal rotation;scapular
strengthening; resisted elbow, wrist and
hand movements

Active shoulder elevation; resisted shoulder
internal andexternal rotation

Resisted shoulder movements; functional
specificity

three times. Elevation, external and internal rotation, and horizontal
adduction stretching exercises should be continued indefinitely.

Active strengthening exercises should normally be initiated 10-14
days after surgery. The strengthening exercise program should con
sist of 10 repetitions of each exercise, twice daily. Depending on the
initial level of strength, easier exercises may be unnecessary. In the
case of associated rotator cuff repair, the surgeon should be con
sulted before beginning gravity-resisted exercises.

Supine elevation is initiated as follows: (i) the patient should lie
supine with the arm at the side and the elbow flexed to 90°; (ii) the
patient reaches for the ceiling by flexing the shoulder and simulta
neously extending the elbow; if this cannot be accomplished actively,
the patient assists with the uninvolved upper extremity; (iii) the
patient lowers the elbow toward the supporting surface causing an
eccentric contraction of the shoulder flexors as the elbow simulta
neously flexes; there should be no assistance for this eccentric exercise.
Once the patient can do 10 unassisted repetitions both concentrically
and eccentrically, a O.5-lb weight should be added to the wrist or
hand. When the patient can do 10 repetitions, the weight should be
increased in O.5-lb increments until5lbs (2.3kg) can be lifted 10 times.

When 10 repetitions of supine elevation can be completed with a s
Ib weight, upright eccentric elevation is begun: (i) the patient should
sit in a sturdy chair and use the uninvolved upper extremity to ele
vate the operative extremity as far above the head as possible; (ii) the
patient should balance the arm above the head without assistance,
then slowly lower the arm while simultaneously flexing the elbow.
When this can be completed 10 times, a a.5-lb weight should be
added to the hand or wrist. The weight should be increased in O.5-lb
increments each time 10 repetitions can be completed until the
patient can do 10 repetitions with 5lbs.

When the patient can complete 10 repetitions of the upright eccen
tric elevation exercise using 5lbs of resistance, exercises using elastic
tubing should be instituted. Exercises for shoulder flexion, exten
sion, abduction, and internal and external rotation should be used.
These are best done with the patient sitting in a sturdy chair. Flexion,
extension and rotation exercises are accomplished by looping the
tubing around a nearby doorknob and positioning the patient appro
priately. The abduction exercise is done by holding the tubing in
both hands and stretching the operative arm away from the unin
volved arm. The patient should pull the tubing as far as possible,
hold for 5seconds and then slowly return to the starting position.
The patient should do 10 repetitions twice daily. These exercises
should be continued indefinitely. Some patients may also require
strengthening exercises aimed specifically at improving function of
the scapulothoracic musculature.

Arthroplasty patients may exhibit excessive thoracic kyphosis and
protracted scapulae (see Fig. 21.1). These postural misalignments
put the glenoid fossa in a downward and forward position, which
can complicate the postoperative restoration of shoulder elevation
ROM. For these patients, the exercise program should include spinal
extension and scapular retraction exercises. These exercises are
accomplished most easily in the sitting position. The exercise pro
gram should also include exercises to maintain or improve the ROM
and strength of elbow, wrist and hand.

SHOULDER PAIN WITH HEMIPLEGIA
. :"·,l.

In the preface to his 1980 book, Cailliet stated that, 'The hemiplegic
patient can improve his ambulation, communication, balance, and self
care through treatment, but in the overall picture of functional return,
the shoulder remains an enigma' (Cailliet 1980). Unfortunately, the
intervening years have added little in the way of understanding the
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Table 21.5 Factors associated withshoulder pain in hemiplegia

Factor Statistically significant

Prolonged hospital stav" +
Poor return of functiono +
Glenohumeral subluxationo +
Complex regional pain svndrome" +
Capsulitis

Rotator cuff degeneration andtears

Tendonitis
-------------------

Bursitis

Spasticity

Flaccidity
-'------------------------

Loss of external rotation ROMo,b
--------------

Severity of OJA

Time since onset of hemipleqia"
--------------

+ ,yes; -, no.
"From Roy et al 1994.
bFrom Bohannon et al 1986.

causes and effective interventions for the patient with shoulder pain
and hemiplegia. The purpose of this section is to review the inci
dence, suspected causes and reported interventions for shoulder
pain with hemiplegia.

Van Ouwenaller et al (1986)stated that, 'Shoulder pain is probably
the most frequent complication of hemiplegia'. In spite of this state
ment, the incidence of this problem has been reported to vary from
5% to 84% (Turner-Stokes & Jackson 2002, Ratnasabapathy et al
2003). Operational definitions used for patient selection may account
for these differences. For example, 'pain', 'tenderness', 'mild shoulder
discomfort' and 'adhesive capsulitis' are all terms that have been
used to identify patients with hemiplegia and shoulder pain. Perhaps
the definitive frequency study was conducted by Van Ouwenaller
and colleagues (1986). They followed 219 patients with cerebrovascu
lar accident (CVA) for 1 year and found that 72% of patients had at
least one incidence of shoulder pain during the recovery period. This
figure agrees exactly with later reports by Roy et al (1994) and
Bohannon et al (1986). Roy and colleagues followed 76 patients for a
period of 12 weeks after the onset of CVA. They found the greatest
incidence of shoulder pain (24% at rest and 58% with movement) at
10 weeks post-onset. The smallest incidence (12% at rest and 35%
with movement) occurred during the first week post-onset.

The causes of shoulder pain with hemiplegia are poorly under
stood, A combination of factors may be at fault (Gilmore et al 2004).
Some associated factors are listed in Table 21.5; unfortunately, there
is little empirical evidence to support or refute causality for any of
these factors. Still, it appears that there is a statistically significant
relationship between shoulder pain with hemiplegia and the follow
ing associated factors: loss of external rotation ROM (Bohannon
1986, Roy et al 1994), time since onset of hemiplegia (Bohannon
1986), prolonged hospital stay (Roy et all994), poor return of func
tion (Roy et aI1994), glenohumeral subluxation (Roy et all994) and
complex regional pain syndrome (Roy et al 1994). It is important to
note that 'a statistically significant relationship' does not imply
causality. Whether therapeutic interventions aimed at decreasing
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these suggested causes will reduce the incidence of shoulder pain
with hemiplegia remains to be proven.

In the absence of a clear understanding of the causes of shoulder
pain with hemiplegia, intervention should be directed by clinical
observations. Evaluation and reevaluation of signs, symptoms and
responses to interventions must continually be used to reformulate the
intervention plan. Patients should be evaluated for signs of muscu
loskeletal problems (capsulitis, rotator cuffdegeneration and tears, ten
donitis, bursitis, etc). Interventions for such problems should be similar
to intervention regimens in patients without hemiplegia who exhibit
musculoskeletal shoulder problems. Preventing the loss of external
rotation ROM as a result of capsulitis appears to be a particularly
important therapeutic goal. The intelligent use of exercise and modali
ties should have a beneficial effect on musculoskeletal causes of shoul
der pain with hemiplegia.

Glenohumeral subluxation as an etiology for shoulder pain with
hemiplegia is a multidimensional problem. Theoretically, inferior sub
luxation places abnormal stresses on periarticular structures and leads
to pain. The tension created by inferior subluxation can lead to
ischemia, which is thought to cause inflammation and pain. One
approach suggests the use of various types of slings to reduce the
glenohumeral subluxation. Although a sling can accomplish reduction,
it may also delay the return of voluntary muscular control. Because
flaccidity is also a suspected cause of shoulder pain with hemiplegia,
the anticipated gains afforded by reduction of the subluxation may be
derailed by a delay in return of voluntary muscular control. Some
slings are designed to reduce the subluxation while simultaneously
allowing functional use of the extremity. These are preferable to slings
that prevent voluntary use.

Another approach to the glenohumeral subluxation problem
focuses on return of voluntary muscular control. The muscles that
upwardly rotate the scapula (trapezius and serratus anterior) and ele
vate the humeral head (supraspinatus and deltoid) are the targets of
this approach. The scapular muscles are important for maintaining a
vertical position of the glenoid fossa. The humeral elevators can
maintain the humeral head in the glenoid fossa as long as the fossa is
not rotated downwards. The requisite synergy between these muscle
groups dictates that if any of these muscles is dysfunctional (flaccid
or spastic), subluxation is likely to occur. Therapeutic interventions
for this problem include exercise, electromyographic biofeedback
and functional electrical stimulation. Interventions should be
designed to restore normal voluntary control of these muscles.
Renzenbrink and Ijzerman (2004) have shown that percutaneous
electrical stimulation can produce statistically significant improve
ments in pain, subluxation, pain-free range of external rotation and
Fugl-Myer motor test scores at 18 weeks postintervention. They used
indwelling electrodes in the supraspinatus, upper trapezius and
posterior and middle deltoid to deliver biphasic balanced pulses
(20mA, 12Hz, lQ-2001JS, lOs on/10s off), 6h daily for 6 weeks. By
contrast, Yelnikand colleagues (2003)demonstrated the effectiveness
of botulinum toxin injection in spastic subscapular muscles to reduce
shoulder pain and increase ROM. The success of these apparently
dichotomous approaches underscores the need to carefully evaluate
the signs and symptoms for each person as recovery progresses.
Clearly, patients with flaccid paralysis must be cared for differently
compared with patients with spastic paralysis.

Another issue to consider is that of poor positioning and handling
of the affected upper extremity. Although not established empirically,
many feel that poor handling produces trauma and causes pain. This
is thought to be more of a problem for patients with flaccid paralysis.
Until proven otherwise, prudence dictates that caregivers should use
the utmost care when positioning and handling the affected upper
extremity. The affected upper extremity should be positioned so that
the scapula is protracted, the glenohumeral joint slightly flexed and
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abducted, and wrist and fingers slightly extended (Tumer-Stokes &
Jackson 2(02). Pillows, lapboards and slings may be incorporated into
positioning interventions. Caregivers should not use the patient's
affected upper extremity when assisting in transfer or ambulation.
The rapid restoration of voluntary motor control should be high on
the list of therapeutic goals for the patient with flaccid paralysis.
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Chapter 22

Total hip arthroplasty
Mark A. Brimer

CHAPTER CONTENTS

INTRODUCTION

Previously, obesity had been considered a contraindication to sur
gery because of a reported high mechanical failure rate in heavier
patients. The prospect of long-term reduction in pain and disability
for heavier patients may, however, offset the risk associated with
potential mechanical failure (Phillips et aI2oo3).

Data indicate that 62%of all THA procedures that are performed in
the USA are in women, with two-thirds of these procedures per
formed in individuals older than 65 years of age. The highest age
specific rate of THA in men is between the ages of 65 and 74 years.
For women, the highest age-specific rate is between 75 and 84 years.

If patients want to undergo bilateral hip replacement sequentially,
it is recommended that they wait at least 6 weeks between operations
to avoid the increased risk of complications from the presence of an
occult venous thrombus from the first procedure. Otherwise, the
bilateral procedure poses no increase in frequency of postoperative
complications.

Historically, aseptic loosening of implanted components was identi
fied as a major problem with THA. This problem was especially
prevalent in younger and more active patients and in those who had
undergone revision surgery. In the past two decades, however, the
number of complications involving rnechanicalloosening has declined
Significantly, as a result of improved fixation techniques, to the point
where more than 90% of the total number of joints are never revised.

i
i
i
I

i
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• Introduction
• Indications for THA
• Surgical approaches for THA
• Rehabilitation
• Conclusion

The total hip arthroplasty (THA) is an orthopedic procedure that is
performed more than 120000 times annually in the US. International
data indicate that 60-100 hip arthroplasty procedures (including
replacement, partial replacement and revision procedures) per
100000 inhabitants were carried out in the late 1990s (Merx et al
2003). The presence of severe and continuing pain and disability and
the inability to perform one's job or participate in social and leisure
activities generally make the decision to undergo surgery easier for
the patient and surgeon.

INDICATIONS FOR THA SURGICAL APPROACHES FOR THA

The primary indications for a total hip replacement are:

severe osteoarthritis;
rheumatoid arthritis;
avascular necrosis;
traumatic arthritis;
hip fractures;
benign and malignant bone tumors;
arthritis associated with Paget's disease;
ankylosing spondylitis;

r- juvenile rheumatoid arthritis.

There are relatively few contraindications to the total hip arthroplasty
procedure other than active local or systemic infection and other
medical conditions (e.g. diabetes mellitus, peripheral vascular dis
ease) that increase the risk of perioperative complications or death
(Barrett et aI2005). Hemiarthroplasty, or partial reconstruction of the
hip, is performed when the acetabular cartilage is intact and joint
pathology is limited to the femoral side of the joint (Dalury 2005).

The primary surgical approaches used for THA are the anterolateral
and the posterior approaches. The choice of surgical approach often
depends upon the surgical training of the physician. Many of the dif
ficulties associated with using the anterolateral approach are related
to the anterior third of the gluteus medius muscle, which partially
obstructs the insertion of the stem of the component into the femur.
This has become a more critical element with the introduction of
cementless technology. The anterolateral approach does, however, pro
vide excellent exposure of the acetabulum, which is why some sur
geons prefer this approach.

Regardless of the approach taken, difficulties are occasionally
encountered. When using the posterior approach, there is a tendency
to place the femoral component in less than normal anteversion,
thereby leading to less postoperative external rotation because of the
presence of an intact anterior capsule. A patient who undergoes the
anterolateral approach commonly demonstrates less internal rota
tion postoperatively and a weaker hip abductor, which is associated
with surgical interference with the function of the abductor muscle.
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Table 22.1 THAgait training and ROM guidelines

Mobilize (outof bed)

Ambulation, weight
bearing

Arthroplasty

Conventional (cemented THA) Bipolar osteonics ingrowth

Postoperative day (POD) 1-2 POD 2

Partial weight-bearing (PWB) to weight- (Porous coated stem, bipolar
bearing as tolerated at discharge head) PWB 4O-501bs

Porous coated

POD 2

PWB 40-50 Ibs

Trochanteric ostectomv"

POD 2-5

PWB

Range of motion of
hip flexion

Precautions

Same criteria for all: POD 2, upto 30°POD 4-6, upto 60°POD 6-10, upto 90°

Applies to all: avoid dislocation forces at hip,which are a combination of hip flexion, adduction and internal rotation;
nohipflexion greater than 90°

Noresisted abduction of hip;initiallywalk
with a slightlyabducted gait

From KLawrence, orthopedic team supervisor of Physical Therapy Department, Medical College of Virginia, Richmond, VA, with permission.
aNo active abduction.

Recently, there have been reports about the effectiveness of the min
imally invasive approach to THA. This approach was designed to tran
sect less muscle and tendon and, therefore, was expected to reduce the
length of hospital stay, reduce pain levels, promote a quicker recovery
and yield an improved cosmetic appearance (Berger2004).Total blood
loss utilizing the minimally invasive procedure has been determined to
be less than that with conventional arthroplasty (Higuchi et al 2003).
Preliminary studies indicate that the use of thisprocedure has not been
found to increase the rate of postoperative dislocation (Siguier 2004).

The cement and noncement techniques
There are two surgical mechanisms available that can be used to
properly secure the acetabular and femoral stem components. The
cement technique adheres one or both of the replacement compo
nents to the surface of the bone with polymethylmethacrylate bone
cement. The cementless technique relies upon bone growth into
porous or onto roughened surfaces for fixation.

The choice of which component to use with a particular patient
may bebased upon the individual's level of strenuous physical activ
ity, age, health and well-being and bone density. Surgical revision of
both component types, as evaluated by the use of modem techniques,
has been reported to be less than 5% for the cemented femoral com
ponent over a Ifl-year period, and approximately 2% for the unce
mented acetabular component over a 7-year follow-up period.

Of primary concern in the cementless implants is the importance
of the precise mechanism of load transfer to the bone. If the fit in the
proximal femur is too loose and the distal end is too tight, then the
proximal part of the component will be stress-shielded, which could
cause increased porosity or bone loss. If the proximal segment fits
well but the distal end underfills the medullary cavity, then the
patient may exhibit distal toggling while under load, which causes
persistent thigh pain.

REHABILITATION

Inpatient postoperative rehabilitation
considerations
--_._ ..._---_._------------
The primary concern following THA is to encourage the patient
to begin to walk. Patients with uncomplicated THAs are generally

encouraged to ambulate, beginning on the first day postoperatively
(Wright 2004). Although ambulation may be brief in duration, the
role of the therapist is to encourage mobility, self-care and proper
weight-bearing and gait, and to teach the patient how to get into and
out of bed in the proper manner [see Table 22.1 for gait training and
range-of-motion (ROM) guidelines).

In the initial stages, most orthopedic surgeons recommend that the
patient does not exceed 90°of hip flexion after surgery. It is important
to instruct the patient to avoid internal rotation and adduction of the
hip, especially if the posterior approach has been used. Any of these
motions, singularly or in combination, may produce a dislocation of
the replacement. The complication of hip dislocation is more likely to
occur in a patient who presents with a neurological disorder or is
mentally confused. A common mechanism to prevent dislocation is
the use of an abduction pillow. As a general rule, abduction pillows
are used for a l-month period (Box 22.1).

The hospital rehabilitation department that is preparing the patient
for home or a skilled-nursing placement should address the environ
ment in which the patient will be placed. For example, a patient
returning home should be thoroughly informed about the proper use
of an elevated toilet seat, how to negotiate steps or stairs, and how to
deal with carpeted surfaces and the surfaces encountered outside the
home. It is particularly important that a patient understands the
proper positions for sleeping and what types of chairs are consid
ered too low for comfortable and safe seating. A patient who plans
return visits to the physician in the office must be instructed on how
to properly enter, sit in and exit from a car, to avoid excessive hip
flexion.

Activities of daily living should be discussed with the patient and
immediate caregivers. Because a large majority of THA procedures
are performed in the geriatric population, special consideration
should be given to visual, balance and endurance losses that may
have occurred. A patient should be encouraged to use safe ambula
tion procedures until outpatient rehabilitation gait-training needs
can be addressed (lagmin 1998).

Outpatient and home-healthcare rehabilitation
considerations
In the outpatient or home-healthcare environment, the focus is on
restoring normal activities of daily living and safe walking techniques



Box 22.1 THApostoperative concems

Therapists are advised to individualize these programs
byadding or subtracting exercises depending on the
patient's postoperative condition. Additional preoperative
instructions to the patient may address the following
immediate postoperative concerns:

1. MostTHA procedures require the presence of an
abduction pillowor wedge placed between the legs
when the patientis in bed or in a wheelchair.

2. Patients are cautioned not to exceed 90°of flexion of
the operative hip.

3. Passive or forcible movement of the hip that causes
pain iscontraindicated.

4. Internal rotation and adduction are contraindicated.
5. The patient isencouraged to perform active ankle

exercises (rhythmic active dorsal and plantar flexion)
frequently during the first few days postoperatively
to prevent thrombophlebitis.

6. Noweight-bearing or standing should take place
unless under thedirectsupervision of the physical
therapist.

7. Transfers and log-rolling should be performed away
from the operative side, with the leg supported bya
staff member.

From Echternach J 1990 Physical Therapy of the Hip. Churchill
Livingstone, New York, with permission.

(Box 22.2). In the initial stages (G-6 weeks), the patient should be
advised to follow all dislocation precautions. These include the
avoidance of excessive hip flexion and, in the case of the posterior
approach, adduction and internal rotation. The patient should con
tinue to use elevated chairs and toilet seats until cleared by the sur
geon to do otherwise.

In the 6 weeks following surgery, rehabilitation should focus on
hip abduction (presuming no contraindications exist) and mild hip
flexor and extensor strengthening. The patient may progress to
standing with full weight-bearing, as permitted by the surgeon. A
patient who has undergone the cementless technique may be
required to maintain limited weight-bearing until sufficient new
bone growth can be seen by the physician on a radiograph. A faIlsrisk
assessment should be part of the continuous reexamination process
during rehabilitation.

Desired rehabilitation outcomes for
the THA patient

Most patients who undergo THA require limited outpatient physical
therapy once a normal gait pattern can be resumed. The use of home
programs as well as general conditioning exercises allows the patient
to resume normal activities quickly. Gait may progress from using a
walker to using a cane and then to using no assistive devices, as tol
erated by the patient. Differences in leg length should be assessed
and a shoe insert recommended if gait abnormalities persist. Once
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Box 22.2 HOmeclfe instructions forTHA patients

First 6 weeks postoperatively

Do not

• sit in low chairs or sofas
• cross your legs
• force youroperated leg to flex (bend) or rotate at the hip
• sit down on the floor of a bath tub
• lean forward or raise your knee higher thanyourhip
• discard thewalking assistive device until instructed to doso
• drive until permitted
• force hipabduction, external rotation or extension if

yourdoctorhas performed an anterolateral surgical
approach

Do

• use help for putting on shoes and stockings
• use yourcompression stockings
• exercise asinstructed
• sleep onyourback
• place a pillow between your knees when sitting orsleeping
• use caution when sitting and reaching towards the floor

or towards the phone/table onoperative side. These
motions encourage hip flexion and adduction, which are
motions to be protected on the operative side

• use caution getting into and out of bed and onand off
a toilet seat. Avoid hip adduction, internal rotation
and flexion approach beyond 90° if yourdoctorhas
performed a posterolateral approach

component stability has been obtained and dislocation potential has
lessened, many surgeons encourage their patients to gain additional
range of motion in the hip. Patients are generally encouraged to
resume physical activities in moderation, for example golf, tennis,
bicycle riding and walking.

The self-administered hip-rating questionnaire shown in Form
22.1 has been used to assess patients' perspectives on outcomes after
THA. As can be seen in Figure 22.1, most benefits were obtained in
the first 6 months, and some favorable changes took place after
6 months. Functional improvements can be expected in many areas,
including stair climbing and reduced support while ambulating.

CONCLUSION

When rehabilitating a patient who has received a THA, it is impor
tant to understand the specific procedures and to implement prop
erly the specific guidelines for mobility, weight-bearing and range of
motion. Normal recovery timelines and progressions must be fol
lowed, with special attention paid to the recommendations of the
physician. Favorable functional outcomes are expected in 6-12
months (Katz et al2003).
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Form 22.1 Self-administered hip-rating questionnaire

Question Score

1. Please describe any pain in your hip:

A. No pain 44

B. Slight pain or occasional pain 40

C. Mild, no effect on ordinary activity, pain after unusual activity, usesaspirin or similar medication 30

D. Moderate pain that requires pain medicine stronger than aspirin/similar medications. I'm active

but have had to make modifications and/or give up someactivities because of pain 20

E. Marked or severe pain that limits activity and requires pain medicine frequently 10

F. Totally disabled-wheelchair or bed ridden 0

2. Amount and type of support used:

A. None 11

B. Cane for long walks 7

C. Cane all the time 5

D. 2 canes 2

E. 1 crutch 3

F. 2 crutches or walker 0

G. Unable to walk 0

3. Limp.Thisshould be judged at the end of a long walk using the type of support chosen in question 2.

A. None 11

B. Slight 8

C. Moderate 5

D. Severe 0

4. Distancethat you can walk. Thisshould be judged with the aid of a support if you use one.

A. Unlimited 11

B. 5-6 blocks 8

C. 1-4 blocks 5

D. In the houseonly 2

E. Unable to walk 0

5. Climbing stairs:

A. Normally 4

B. Need a banister or cane or cratch 2

C. Must put both feet on each step/severe trouble climbing stairs 1

D. Unableto climb stairs 5

6. Shoes and socks:

A. Can put on socksand tie a shoe easily 4

B. Can put on socksand tie a shoe with difficulty 2

C. Cannot put on socks and shoes 0

7. Sitting:

A. Comfortable in any chair 5

B. Comfortable only in high chair, or can sit comfortably for only 0.5 hour 3

C. Cannot sit for 0.5 hour because of pain 0

FromMahomed N et al 2001 TheHarris Hip Score:comparison of patient self-report with surgeon assessment. JArthroplasty 16:575-580, with per

mission from Elsevier.

~~----------~~---------------- ------ -
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Figure 22.1 Change in function following total hip arthroplasty. Top graph shows
changes in activities of daily living.Bottom graph shows changes in functional scores at
3, 6 and 12months postoperatively.
(From Johanson NA, Charlson ME, Szatrowski TP et al 1992 A self-administered hip-rating
questionnaire for the assessment of outcome after total hip replacement. J Bone Joint Surg Am
74A:587-597, with permission from Elsevier.)
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INTRODUCTION

Total knee replacement (TKR), also referred to as total knee arthro
plasty (TKA), is one of the most common surgical procedures per
formed for patients with advanced arthritis of the knee (Mahomed et
al 2005). There are well over 150 brand-name implants currently on
the market, which may be divided into three categories: the linked
prosthesis, the resurfacing implant and the conforming implant.

THE THREE CATEGORIES OF IMPLANTS

In the linked prosthesis, the femoral and tibial components are phys
ically fastened together at the time of manufacture or at some point
during the surgical procedure. The linked prosthesis may be fully
constrained, thereby permitting only flexion and extension, or it may
permit flexion, extension and limited axial rotation. Used primarily
in the 19705, the linked prosthesis is no longer commonly used
because of the loosening of components that occurs when stresses
are applied to the tibial side of the joint. However, they may be
appropriate for patients who have markedly unstable knees or after
failure of one or more previous arthroplasties.

A resurfacing implant has a flat polyethylene tibial surface that
articulates with the metallic femoral condylar component. A resur
facing implant requires proper balancing of the collateral and cruci
ate ligaments and, therefore, is not indicated in a case in which either
the cruciate or the collateral ligament is absent or deficient.Becausea
large number of patients with advanced arthritis have a missing or
attenuated cruciate ligament and compromised soft-tissue balanc
ing, which is necessary for the procedure to succeed, resurfacing
implants are not the primary choice of many surgeons.

A conforming implant consists of a metallic femoral condylar
component and a polyethylene tibial component. Designed to resist

some of the translatory and shear stresses, they are currently used in
95% of all TKR procedures (Heck et aI1998). The design of the con
forming implant requires surgical sacrifice of the anterior cruciate
ligament and, in some cases, depending upon the design of the par
ticular implant, also the posterior cruciate ligament. The posterior
cruciate is almost always removed in cases in which the patient pres
ents with a fixed varus or valgus contracture of 15-20"and the asso
ciated fixed flexion deformity.

FIXATION OF THE IMPLANT

Surgical fixation of all of the knee components is accomplished
through one of two methods. The first involves the use of poly
methylmethacrylate bone cement; one or both of the components is
cemented to the bone surface. In the second method, the implants are
inserted and one or both of the components are attached in a cement
less manner. Although cemented knee components are still utilized,
the preferred mechanism for attachment is cementless. Some of the
problems that have been identified with the use of cemented compo
nents include the following:

1. The polymethylmethacrylate bone cement is known to be brittle.
If the cement fragments in the joint, it can become trapped
between components, which results in excessivecomponent wear.

2. As the polymethylmethacrylate hardens, it is known to become
thermotoxic to adjacent bony cells. It has also been known to
decrease leukotaxis (attraction of leukocytes)and thereby increase
the risk of infection at the implant site.

3. The use of bone cement is known to make surgical revision more
difficult.

The cementless technique relies upon bone growth onto porous or
roughened surfaces for firm fixation. Proper and precise surgical
placement of cementless components is essential if firm component
attachment is to be obtained. Studies indicate that bone will not
grow across gaps greater than 1-2 nun.

The choice of component may be based upon the patient's level of
strenuous physical activity, age, health and well-being, and bone
density. The primary contraindication to the use of a cementless
component is severe osteoporosis.

Monitoring for potential infection is particularly important in
TKA because a large amount of foreign material is implanted in a
superficial joint.Although a TKAis a relatively safe orthopedic proce
dure, wound-healing difficulties can occasionally be seen, including
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problems such as marginal wound necrosis, skin sloughing, sinus
tract formation and hematoma formation (Norton et al 1998). The
presence of any of these complications may adversely affect the out
come. This is especially true with regard to range of motion (ROM),
in cases in which therapy must be stopped until the problem can be
resolved. The use of the minimally invasive total knee replacement
may, however, reduce the potential for postoperative complications
(Bonutti et aI2004).

REHABILITATION

Inpatient postoperative rehabilitation
considerations
The primary concern after a TKAis to ensure that the patient begins
to walk (Katz et al 2004). A patient with an uncomplicated TKA is
generally encouraged to walk on the first day postoperatively, even if
ambulation time is brief. The role of the therapist is to encourage
mobility, self-care, proper weight-bearing and gait, and getting into
and out of bed in the proper manner (Kane et aI2005).

During the first few days after surgery, many surgeons ask their
patients to use a continuous passive motion (CPM) device to maxi
mize ROM results. These devices are used two or three times a day
in conjunction with physical therapy exercises and ROM and gait
training sessions. Patients are often encouraged to remain in the
CPM device unless attending a physical therapy session or resting.

When a hospital rehabilitation department is preparing a patient
to go home or to a skilled-nursing facility,staff members should con
sider the environment into which the patient is being discharged. For
example, a patient returning home should be thoroughly trained in
how to negotiate steps and flights of stairs, carpeted surfaces and sur
faces that might be encountered outside the home. It is particularly
important that the patient understands the proper positioning of the
knee during sleep in order to prevent unwanted contractures.

The performance of the activities of daily living should be dis
cussed with the patient and the immediate caregivers. Because a
large majority of TKA procedures are performed in members of the
geriatric population, special attention should be paid to any impair
ments of vision, balance or endurance that may have occurred. A
falls risk assessment should be performed and documented. Patients
should be encouraged to monitor the integrity of the wound site on
a daily basis and to use safe ambulation procedures until outpatient
gait-training needs can be addressed.

Outpatient and home-healthcare rehabilitation
considerations
In the outpatient or home-healthcare rehabilitation environment, the
focus is on restoring the ability to perform normal activities of daily
living, restoring ROM of the knee and teaching safe ambulation. In
the initial stages (0-4 weeks), it is vital to maximize ROM. Functional
ROM is considered to be between 110 and 120"of flexion and full
extension. Patients should be actively involved in home programs
that focus upon the prevention of flexion or extension contractures
of the knee.

In the period between 0 and 4 weeks after surgery, rehabilitation
should focus upon strength gains in the quadriceps, hamstring, hip
flexor and hip extensor muscles. The patient may be allowed to
progress to walking with full weight-bearing, as indicated by the
physician. A patient who has undergone the cementless technique
may be required to maintain limited weight-bearing for a period of

4-6 weeks or until sufficient new bone growth can be seen by the
physician using radiography.

Desired rehabilitation outcomes for the
TKA patient
Patients who undergo TKA commonly require extensive outpatient
physical therapy for a period of approximately 6 weeks in order to
maximize ROM. Swelling may persist for several months until suffi
cient collateral circulation can develop. Persistent or excessive calf
pain and swelling should not be ignored because asymptomatic deep
vein thrombosis may occur in up to 40% of TKA patients, even up to
18months after surgery (Schindler & Dalziel 2005).The use of home
ROM programs as well as general conditioning exercises allows the
patient to resume normal activities quickly. Strenuous exercise is to
be avoided until approved of by the physician. A knee evaluation
scale is shown in Table 23.1; it may be helpful in documenting post
surgical outcomes.

The patient may progress from using a walker to using a cane and
then to ambulating with no assistive devices, as tolerated by the
individual. Differences in leg length should be assessed and a shoe
insert may be recommended if gait abnormalities persist. After sev
eral months, patients are often encouraged to resume physical activ
ities in moderation, for example golf, tennis, bicycle riding and
walking (Lingard et al2004).

Although TKAis very effective in relieving pain, it is important to
note that functional activities of daily living, for example stair climb
ing, getting in and out of a bath, negotiating ramps and sitting in low
chairs, may be compromised. It is worth bearing in mind that, in gen
eral, patients with better preoperative knee flexion have a better post
operative ROM, even though they lose more motion than patients
who have a worse ROM going into surgery. In other words, those
with considerably less ROM going into surgery tend to gain rather
than lose ROM (Rowe et al 2005).Obesity, prior surgery and tight
ness of retained posterior cruciate ligaments are additional factors
that may compromise knee flexion. The minimal amount of knee
flexion necessary for most normal activities is 90~, with 67' needed
for the swing phase of gait and 90" for climbing stairs. If sufficient
flexion is not attained, a manipulation under anesthesia may be per
formed (Chiu et al 2002). Underlying causes of persistent knee pain
and limited flexion include arthrofibrosis, infrapatellar spur,
impinging hypertrophic synovitis, impinging posterior cruciate liga
ment and prosthetic wear or loosening. These diagnoses were made
after arthroscopies of problematic knees with improvements noted
postoperatively (Klinger et aI2oo5).

CONCLUSION

TKA is a surgical procedure commonly used in cases of advanced
knee arthritis. There are many brand-name implants, which can be
divided into three categories: linked prostheses, resurfacing
implants and conforming implants. The components of the knee
replacement may be surgically fixed with bone cement or a cement
less technique can be used. Rehabilitation is similar after the use of
both of these methods, but a patient who has had the cementless pro
cedure may be limited in weight-bearing for 4-6 weeks. Following
discharge from the inpatient setting, continued rehabilitation should
increase functional activities, restore normal ROM (110-120" of flex
ion and full extension are desirable) and ensure safe walking.
Normal physical activities can be resumed several months after the
operation.



Table 23.1 Knee Society clinical rating system

From Insall IN. Dorr LD, SCott RD et al1989 Rationale of the knee society clinical rating system.
Clin Orthop 248:13-14.
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Chapter 24

The aging bony thorax
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i CHAPTER CONTENTS, KINESIOLOGY

INTRODUCTION

Muscles of the thorax
------------------- ----

Mechanics of the ribs

Postural stresses on the thoracic spine
The thoracic spine possesses a naturally occurring kyphosis. The
kyphosis results, in part, from the wedge shape of the thoracic verte
bral bodies (taller dorsally and shorter ventrally). The magnitude of
the thoracic kyphosis and the resultant postural stresses imposed on

The primary muscle of respiration is the large dome-shaped diaphragm
that separates the thoracic and abdominal cavities. The two halves of
the diaphragm each have attachments to the sternum at the posterior
aspect of the xiphoid process.

The costal parts of the diaphragm arise from the inner surfaces of
the lower ribs and lower six costal cartilages. These interdigitate and
transverse the abdomen to insert into a central tendon. There is also
a lumbar part that arises from the bodies of the upper lumbar vertebrae
and extends upward to the central tendon.

The intercostal muscles arisefrom the tubercles of the ribs and travel
above, down and forward to the costochondral junction of the ribs
below, where they become continuous with the anterior intercostal
membrane. The membrane then extends forward to the sternum.
These 11external and 11 internal intercostals, along with the erector
spinae, rectus abdominus, internal oblique abdominals and transverse
abdominals, also contribute to respiration. The specific muscles and
their innervations and functions are listed in Table 24.1 (Loring &
Woodbridge 1991,Oatis 2004).

There are two kinds of rib movements. The pump-handle type is noted
at the upper ribs, where movement is limited by joint articulations
anteriorly and posteriorly. When these upper ribs move upward, as
a result of the costosternal joints, the sternum is thrust forward and
glides upward. This movement increases the anteroposterior diameter
and depth of the thorax.

The lower ribs swing outward and upward during inspir-ation,
each pushing against the rib above. This movement increases the trans
verse diameter of the thoracic cage. The movement is similar to a
bucket-handle movement and is given this name. These two move
ments greatly increase the volume of the thorax, which creates the
negative pressure responsible for air exchange during inhalation
(Moll & Wright 1972,Wilson et al 1987, Burgos-Vargas et aI1993).

----------------------- --[
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The bony thorax has the primary function of protecting the organs of
circulation and respiration. Some protection is alsogiven to the liver
and stomach. In addition, the muscles of respiration attach to the
bony thorax and the ribs are mechanically involved in the mecha
nism of respiration. These elements are shown in Figure 24.1. The
bony thorax also serves as the foundation from which the shoulder
complex functions, therefore influencing the efficiency of the upper
extremities.

The thorax is composed of 12 thoracic vertebrae posteriorly, the
sternum anteriorly and 12pairs of ribs, which encircle the thorax. The
first 10 pairs of ribs are true ribs, with joints that attach the thoracic
vertebra to the sternum. The last two pairs do not attach to the sternum
anteriorly and are referred to as floating ribs. These bony relation
ships are shown in Figures 24.2and 24.3.

The sternum is composed of three parts - the manubrium, the body
and the xiphoid process - that are connected by fibrocartilage. The
manubrium is the most superior and has notches for the clavicles.
The body is a thin flexible bone and is the part used for closed car
diac compression. The xiphoid process is attached to the distal part
of the body.

Each rib has a small head at the posterior end that presents upper
and lower facets divided by a crest. Each facet articulates with the
adjacent vertebral body. The next part of the rib, the tubercle, articu
lates with the transverse process of the corresponding vertebra. The
shaft of the rib curves gently from the neck to a sudden sharp bend
~alled the angle of the rib. Each rib is separated from the others by an
intercostal space that houses the intercostal muscles. On the lower
border of each rib there is a costal groove. This groove provides pro
tection for the costal nerve and blood vessels (Rosse & Gaddum
Rosse 1997).
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Figure 24.1 Muscles of ventilation, posterior and anterior views.
[From StarrJA1995Pulmonary system. In: Sgarlat-Myers R(ed.l Saunders Manual of Physical Therapy Practice. WBSaunders, Philadelphia, PA, p 259, with
permission.)

the vertebral bodies both increase substantially with a forward
thrust head posture. Increased postural stresses render the thoracic
vertebral bodies vulnerable to compression fractures particularly in
those who are osteoporotic. Compression fractures in the thoracic
spine can lead to increasedvertebral wedging, greater postural stresses
and a progressive thoracic kyphosis, which further compound the
impairment (White & Panjabi 1990,Oatis 2004).Information regard
ing vertebral compression fracture management and rehabilitation
can be found in Chapters 26,27, 62 and 70.

PATHOLOGIES INVOLVING THE BONY THORAX

Obstructive lung diseases
Obstructive lung diseases cause an overinflated state in the lungs.
The thoracic cage tends to assume the inspiratory position and the
diaphragm becomes low and flat. The anteroposterior (AP) and
transverse diameters of the chest are increased and the ribs and ster
num are always in a state of partial or complete expansion.

Restrictive lung diseases
Figure 24.2 The bones of the thorax, anterior view.
(From StarrJA1995Pulmonary system. In: Sgarlat-Myers Rled.)
Saunders Manual of Physical Therapy Practice. WB Saunders,
Philadelphia, PA, p 254, with permission.)

In restrictive lung diseases, the lungs are prevented from fully
expanding because of restrictions in the lung tissue, pleurae, mus
cles, ribs or sternum. The AP and transverse diameters of the chest
should increase with inspiration but do not increase to normal levels
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Figure 24.3 The bones of the thorax, posterior view.
(From Starr JA 1995 Pulmonary system. In:Sgarlat-Myers R[ed.l Saunders Manual of Physical
Therapy Practice. WB Saunders, Philadelphia, PA, p 254, with permisslon.)

Table 24.1 Muscles of respiration innervation and function

Muscle (innervation)

Inspiratory muscles
Diaphragm (C3-5)

Intercostals (T1-12)
Sternocleidomastoids (cranial nerve XI and Cl-4)
Scalenes (C3-8)

Serratus anterior (CS-7)
Pectoralis major (C5- T1)
Pectoralis minor (C6-8)
Trapezius (cranial nerve XI and C3-4)

Erector spinae (Cl down)

Expiratory muscles
Abdominals (T5-12)

Internal intercostals (T1-12)

From Watchie 1995, with permission.

Functions

Expands thorax vertically and horizontally; essential for normal vital capacity and
effective cough

Anterior and lateral expansion of upper and lower chest
When head is fixed, elevates sternum to expand chest superiorly and anteriorly
When neck is fixed, elevates first two ribs to expand chest superiorly
When scapulae arefixed, elevates first B-9 ribs to provide posterior expansion of thorax
When arms are fixed, elevates true ribs to expand chest anteriorly
When scapulae arefixed, elevates third,fourth and fifth ribs to expand chest laterally
Stabilizes scapulae to assist the serratus anterior and pectoralis minorin elevating
the ribs

Extends the vertebral column to allowfurther rib elevation

Helps force diaphragm back to resting position and depress and compress lower thorax
leading to higher intrathoracic pressure, which is essential for effective cough

Depresses third, fourth and fifth ribsto aid in forceful expiration

in these conditions. Interstitial fibrosis, sarcoidosis and pneumoco
niosis are examples of disease processes that decrease elasticity (or
compliance) of the lung tissue.

Abnormalities in the pleural tissue, such as pleurisy, pleuritis and
pleural effusion, cause compression of the lungs. Also, any condition

that elevates the diaphragm and prevents full excursion of this mus
cle diminishes the ability of the chest to expand. Examples of such con
ditions are ascites, obesity and abdominal tumors of any kind.

Numerous musculoskeletal conditions cause disturbed respira
tory mechanics. The autoimmune (collagen) diseases can affect any
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joint in the body, including the costochondral and costovertebral
joints. Additionally, these are systemic diseases and, therefore, they
can also involve the pleural or lung tissue as well. Rheumatoid arthri
tis, systemic lupus erythematosus and scleroderma are examples.
Other less severe forms of autoimmune disease such as fibromyalgia
and dermatomyositis may affect the musculature and can cause pain
and restriction of the myofascial structures and thereby limit chest
expansion. Costochondritis (TIetze's syndrome) is an inflammatory
condition of the costochondral tissue that can be viral or occur sec
ondary to strain or unknown reasons. The symptom of chest pain
can occur with this condition and be mistaken for myocardial infarc
tion. An effusion of the costostemal joint may be mistaken for a
painful breast lump during self-breast examination (Watchie 1995,
Frownfelter & Dean 1996).

Orthopedic conditions such as kyphosis, scoliosis and kyphoscol
iosis primarily affect the vertebral segments and costovertebral artic
ulations. Even with mild changes of spine alignment, the mechanics of
the ribs and sternum are altered. In severe cases, the lung tissue, heart
and major vessels may be compromised by the deformity and
altered mechanics.

Ankylosing spondylitis can be considered in the autoimmune and
orthopedic categories. It is considered separately here because of the
severe consequences it can have on the thorax. In this condition,
there is gradual fusion of spinal zygapophyseal joints, usually start
ing in the sacroiliac joints. As more and more of the spine becomes
involved, X-rays demonstrate a bamboo-like image (bamboo spine).
There is calcification of the spinal segments as well as of the
costovertebral joint, which causes Severe restriction of chest expan
sion (Dutton 2004).

Accidental or surgical trauma can cause muscle splinting, which
may restrict chest expansion or relaxation. After thoracic and cardio
vascular surgery there is a tendency for the patient to breathe in a
shallow, rapid and guarded manner, using accessory muscles such
as the scalenes and sternocleidomastoids rather than the diaphragm.
Even after healing, the posture of such patients has often changed
and shows an increase in thoracic kyphosis, a marked forward-thrust
head, protraction of the shoulder girdles and an adducted and inter
nally rotated position of the shoulders. The acquired posture com
promises not only spinal and respiratory function but also function of
the upper extremities.

Another type of trauma to the thorax that is not often considered
is an injury that occurs during a motor vehicle accident. If the person
is using a seat belt/shoulder strap type of restraint at the time of the
accident, the shoulder strap may cause damage to the thoracic fascial
structures and muscles or sternum and ribs, as well as fractures.
However, soft-tissue and joint injuries are often overlooked, even
though they may contribute to painful postural and respiratory dys
function.

Compression fractures in the thoracic spine are commonplace in
the geriatric population. The increased mechanical stresses that
result from the forward-thrust head, rounded shoulder, kyphotic
posture that frequently follows a thoracic compression fracture, pre
dispose the individual to further pain, reduced spinal motion and
compromised function (Melton 1997, Old & Calvert 2004) (see
Chapters 15, 26 and 27). Also, multiple compression fractures may
lead to a protruding abdomen with reduced abdominal cavity space
a~d subsequent difficulty with eating a normal meal. The floating
nbs may rest upon the iliac crests leading to considerable pain
(Brunton et aI2oo5).

When muscular, fascial, spinal, rib or sternal components are the
cause of restriction of lung capacity, the patient may benefit from
physical therapy, which can improve mechanics and lower the pain
factor, thus improving quality of life in spite of the underlying dis
ease process.

ASSESSMENT

History is very important. Understanding the underlying disease
process or mechanism of trauma can help in defining the problem and
the goals for a particular patient. Histories of the present illness as
well as of past medical and surgical problems are vital to proper
examination and treatment. Laboratory and radiographic data, med
ication lists, particularly pulmonary and cardiac drugs, and psy
chosocial information should be gathered.

Examination can be broken down into many components, starting
with general appearance (Box 24.1). This consists of assessing the
level of consciousness, which can indicate adequacy of oxygenation
of brain tissues. Body type is evaluated as normal, obese or cachec
tic. An obese person has higher energy demands, even for simple
activities. General appearance can also indicate whether the person
is deconditioned. Also, some respiratory conditions are caused by
excessive weight, which can cause restriction of the diaphragm. The
cachectic patient may have had weight loss associated with a carci
noma or eating may take too much energy, meaning that caloric
intake becomes insufficient.

In evaluating posture, the therapist should note any spinal
malalignment or unusual postures. The extremities are observed for
nicotine stains (which indicate a history of heavy smoking), clubbing
of the fingers or toes (a sign of cardiopulmonary or small bowel dis
ease), swollen joints, tremors and edema. Any of these parameters
may indicate respiratory system impairment.

The color of the skin and face should be noted. A patient might
show evidence of a bluish tinge to the mucous membranes or nail
beds, indicating severe arterial oxygen desaturation. A plethoric
facial color (red or ruddy) may indicate hypertension, whereas a
cherry-red coloring may be a sign of carbon monoxide poisoning.

Posture should be noted initially, especially sitting and standing
patterns. In a patient with chronic obstructive pulmonary disease
(COPD) there is usually a forward-thrust head, increased kyphosis
in the thoracic area and abduction and protraction of the shoulder
girdles. If there is less than a two-finger space between the iliac crests
and the lower ribs, osteoporosis should be suspected and further
appropriate workup and care considered (Brunton et al2oo5). There
may also be elevation of the shoulder girdles if the accessory muscles
of breathing are the primary respiratory muscles. With spinal curva
ture, there are changes in posture from the sagittal and frontal views.
When trauma is the mechanism of dysfunction, any or all of the above
can be seen as well as changes related to joint dysfunction and mus
cle involvement (Palmer & Epler 1998).

Vital signs, including blood pressure, heart rate and rhythm, and
respiratory rate and rhythm, should be noted. It may be pertinent to
assess these at rest and with exertion. Pulmonary function volumes
and diseases are described in Chapters 7 and 47.Pulmonary function
might have to be assessed by means of spirometry. Respiratory pat
terns include factors such as rate and rhythm and use of particular
muscles for respiration. When accessory muscles are used, the upper
chest and neck muscles are moving and strained. Bracing postures or
any unusual postures taken to assist breathing increase the work of
breathing. The depth of inspiration and whether expiration is either
passive (as is normally expected at rest) or forced should be
observed (Watchie 1995, Frownfelter & Dean 1996).

Chest wall excursion can be recorded taking circumferential mea
surements with a tape measure at the floor of the axillae, at the tip of
the xiphoid and at the lower costal border at the midaxillary line of the
10th rib. These measurements should be taken for inspiration and
expiration during quiet breathing, as well as for maximum inspiration
and forced expiration. These landmarks (or others of the therapist's
choice) should be consistent and reproducible (Harris et all997).



Box 24.1 Steps In clinical usasment of patients with
breathing dysfunction

1. General appearance
Level of consciousness
Body type: obese, cachectic

2. Posture

3. Skin and color
Face
Fingers

4. Vital signs

5. Respiratory pattern
Rate
Rhythm
Accessory muscles

6. Chest wall movement
Axilla
Xiphoid tip
Lower costal border
Quiet and maximal inhalation and exhalation

7. Range of motion
Neck
Upper extremity
Trunk
Lower extremity

8. Auscultation

9. Strength
Trunk posture

10. Functional abilities
Activities of daily living
Gait

11. Palpation
Skin
Fascia
Muscles

12. Jointmobility
Costosternal
CostovertebraI
Spinal

13. Psychosocial factors
Patient's goals
Family's goals

Auscultation, or listening to the breath sounds, is another important
aspect of assessment. When possible, the patient should sit forward for
this part of the examination. The anterior and middle lobes can best be
auscultated at the front of the patient whereas the posterior lobes are
best heard at the patient's back Figure 24.4.The patient should breathe
in and out through an open mouth. A comparison of breath sounds in
each segment of each lung should assess the intensity, pitch and qual
ity.There is a system of nomenclature and it is helpful to use these stan
dard terms. Quality is defined as absent, decreased, normal or
bronchial. If abnormal sounds are heard, they can be further described
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as crackles, rales, wheezes or rhonchi. During vocalization, sounds can
be normal, increased or decreased. All the above can help to define the
area of the chest and lungs involved in the pathology. It is also possible
to hear rubs from the pleura or the pericardium. Crunches may indi
cate air in the mediastinal space.

Range of motion (ROM) assessment, formal or functional, should
include the head, neck, upper extremities, lower extremities and trunk.
Emphasis on specific areas may change depending on the pathology.
However, as the neck, upper back and shoulder girdles are consistently
involved to a large degree, these areas must be accurately assessed on
an ongoing basis (Palmer & Epler 1998). Flexibility is an important
parameter to consider, especially that of the anterior chest muscles.
The pectoralis major and minor, sternocleidomastoids and scalenes
may all be shortened or overused. Unless a normal length can be
regained in these muscles, normalization of posture cannot occur.

Strength may also be specifically or functionally tested. In most
cases, testing of functional strength is all that is necessary. However,
when working on postural correction, it may be important to specifi
cally test the trapezius, rhomboids and rotator cuff muscles as well as
neck and back extensors (Palmer & Epler 1998).Coordination among
muscle groups should be examined.

It is extremely important to note functional abilities because it is
these activities that most concern outcome measures. Basics such as
bed mobility, transfers, feeding, bathing and toileting may be possi
ble but higher level activities such as housekeeping, food prepara
tion and shopping may be limited. Whatever the functional
limitation, it is important to note them in measurable ways. Gait pat
tern, balance, endurance and need for assistive devices should be
evaluated. The ability to traverse a specific distance in a measured
time clarifies functional mobility. For example, the minimum walk
ing velocity determined to allow safe street crossing according to
Lerner-Frankiel (1986) is 30m/min, a measure that is particularly
important for community-dwelling individuals.

On palpation, skin, fascia and each layer should be pliable and
extensible and each layer should be separated from adjacent layers.
With the absence of any of these qualities, movement at any or all lay
ers or planes may be restricted and painful, thus creating guarding
or spasm, which may prevent normal joint kinematics and mobility.

Joint mobility can be restricted by surgical, traumatic or soft-tissue
conditions. The costostemal and costovertebral joints may be involved,
which limits general mobility of the ribs in their upward and down
ward movements. The sternum can also be prevented from gliding
by soft-tissue restriction or dysfunction of the sternoclavicular joints
and costosternal joints on one or both sides. Also important, but to a
lesser extent, are the spinal joints of the cervical and thoracic areas.
The scapulothoracic joints may also affect the mobility of the ribs
and certainly affect posture.

The joints can be assessed by passive mobility testing involving
AP and PA (posteroanterior) springs at the costosternal, costoverte
bral, cervical and thoracic segments. Monitoring the excursion of
each rib anteriorly and/or laterally during inspiration and expira
tion demonstrates any dysfunctions. At the first rib, a distal spring at
the midpoint of the supraclavicular space and AP and PA springs
can be used to assess mobility. Glides of the scapula in all planes
detect disturbances of the scapulothoracic joints. Particular care
should be exercised when assessing passive joint mobility of the ver
tebral and costal structures in patients with osteoporosis.

Psychological factors can affect a patient's condition, goals, treatment
plan and outcome measurements. The patient's family situation, the
availability of a caregiver and the type of dwelling should be recorded.
Thepatient's and the family's reactions to the disease process may affect
the pathology and the outcome, so it is important to allow the patient
to discuss problems and concerns. It is to be hoped that the patient's and
family's goals are congruent with those of the medical providers.



156 MUSCULOSKELETAL DISORDERS

Figure 24.4 Anterior, lateral and posterior auscultation sites.
(From Starr JA 1995 Pulmonary system. In:Sgarlat-Myers R(ed.) Saunders Manual of Physical Therapy Practice. WB Saunders, Philadelphia, PA, p 270, with
permission]

REHABILITATION INTERVENTION

Optimal breathing, normal or forced, is perfonned by the diaphragm,
with distal excursion on inspiration and return to baseline or eleva
tion on expiration. This results in expansion of the lower chest and
abdomen on inspiration and retraction of these areas on expiration.
The person should be encouraged to inhale through the nose (to fil
ter, wann and moisturize the air) and to exhale through pursed lips to
ensure the emptying of the alveoli.

Lateral costal expansion can also be promoted as this requires rib
movement in a bucket-handle fashion and may improve mobility.
Use of tactile stimulation over the diaphragm or the lateral costal
margins can facilitate the proper function. Resistance may also be
perfonned by using weights on the diaphragm area or by resisting
chest expansion with elastic exercise bands or tubing. When a specific
area of the lungs is not expanding, segmental breathing exercises may
be useful. Again, tactile stimulation may provide the sensory input
that will promote increased expansion of the specific area.

In conjunction with proper breathing techniques, postural correc
tion exercises can assist with more efficient breathing patterns.
However, in the case of chronic cardiopulmonary diseases, postural
changes may have occurred to assist air exchange and, if so, these
corrections can be detrimental to the patient's overall condition.
Each case must be considered on an individual basis.

In order to improve posture, several factors must be considered.
Some muscles will have shortened whereas others will have over
stretched and weakened. Joints may have lost passive mobility in
one or several planes. Body awareness and proprioception may be
impaired, so high patient motivation and a long-time commitment to
exercise and awareness are necessary. ROM, strengthening and flex
ibility exercisesare vital for postural changes, functional improvements
and general well-being. All areas of the body should be considered,
but practicality stresses exercises for the most severely involved
areas. When pulmonary disease is present, the ability of the muscles
to extract oxygen can be enhanced by strengthening exercises. This

improved extraction of oxygen allows the patient to have increased
efficiency and endurance during routine activities.

Strengthening exercises may include any or all of the following:
active ROM, progressive resistive exercises with gradually increas
ing weight and repetition, and use of exercise equipment such as a
bicycle ergometer, treadmill, rowing machine or ski machine. Propri
oceptive neuromuscular facilitation exercisesand closed-chain activities
or functional activities with increasing time and difficulty can enhance
strength and fitness.

For patients with musculoskeletal conditions in the thoracic or rib
area, physical therapy modalities including heat, cold, ultrasound
and electrical stimulation may be indicated.

If restriction of skin, fascia or muscle is identified during the eval
uation, manual techniques may be used to regain tissue extensibility.
Treatment techniques are identified by many different names but the
goals of all such techniques are the same - to improve the extensibil
ity of tissues and to allow one layer to move separately from adjacent
layers.

Mobilization of the joints may be necessary in order to recover full
ROM, full flexibility and correct posture. The first rib as well as the
costosternal and costovertebral joints can be mobilized by AP and
PAspring and distal glide mobilizations in grades 1-4, depending on
the patient's condition and tolerance. Mobilization techniques used
on the ribs can encourage elevation or depression.

CONCLUSION

The bony thorax is often overlooked in caring for an aging patient
unless there is frank pathology. In addition to overt pathologies of
the thorax, insidious age-related declines contribute to changes in
structure and function that necessitate a thorough assessment.
Breathing, posture, mobility and strengthening exercises are impor
tant rehabilitation interventions.
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Radiculopathy is defined as pain in a specific nerve root distribution.
Radiculopathy is a result of herniation of a soft disk as opposed to
constriction, where the nerve root exits the spinal foramina because
of the presence of osteophytes. Clinically, it is characterized by pain
and paresthesia both proximally and distally along the involved nerve
root. It is not uncommon to find overlapping in multiple dermatomes.
The interspace most commonly involved is the C5-6 interspace
(Simeon & Rothman 1992).

Myelopathy
INTRODUCTION[DB1]

The aging process can be 'a pain in the neck', literally as well as fig
uratively. As early as 1932, Schmorl and Junghann (1932) reported
that 90%of males over the age of 50 and 90% of females over the age
of 60 have radiographic evidence of spinal degeneration. It is com
mon for elderly individuals to experience neck symptoms, the
majority of them related to cervical spondylosis or degenerative dis
ease of the spine (Modic et al1989). These conditions occur as a result
of degeneration of the intervertebral disks, with loss of the water con
tent within the disk and subsequent disk collapse. The most common
clinical syndromes associated with degenerative disk disease include
cervicalspondylosis, radiculopathy and myelopathy.

Myelopathy is often missed but is more commonly found in patients
over 55 years of age. Radiographs of the spine show the typical
osteophytes and narrowing of disk spaces. Compression of the
spinal cord is likely if the spinal canal diameter is less than 10mm
(Merck Manual of Geriatrics 2(00). Typical neurological findings
include lower motor neuron and reflex changes at the level of the
lesion and upper motor neuron involvement below the level of the
lesion. Spastic gait or other gait abnormalities are the most common
clinical concern (Merck Manual of Geriatrics 2(00). The myelopathy
tends to have an insidious onset and develops gradually over a long
period of time.

HISTORY, PHYSICAL EXAMINATION
AND IMAGING

When taking a history, it is extremely important to specify the type
of pain and its anatomical distribution (Kesson & Atkins 2005).
Complaints of deep aching pain and a burning sensation are sugges
tive of spinal cord involvement. Many patients lose hand dexterity. In
patients who have been institutionalized for long periods, it may be
difficult to assess an insidious myelopathy because many patients
already have bladder incontinence. In these instances, a more careful
neurological examination is necessary to determine the cause of the
incontinence.

On physical examination, most patients present with decreased
range of motion (ROM) of the neck and with paras-pinons muscle
spasm. There mayor may not be tenderness directly over the spin
ous process. The pain is typically exacerbated by moving the shoul
ders and it is common for pain to radiate either within a specific
nerve distribution down the arm or proximately into the occiput.
Particularly in cases of cervical myelopathy, both upper and lower
neurological examination should be performed. Imaging modalities

------_._-----~-----------

Cervicalgia
Cervicalgiais defined as neck pain. The pain tends to be located poste
riorly in the area of the paraspinous muscles. Patients often com
plain of occipital headaches as well as interscapular pain. The
symptoms are exacerbated by neck motion and by abducting the
arms in the over-the-shoulder position. Gore et al (1987) reported on
a 1o-year follow-up of patients with cervicalgia and noted that 79%
of the patients had decreasing neck pain and 32%had only residual or
moderate pain. The symptoms are relieved by various therapeutic
modalities, including hot packs, ultrasound, electrical stimulation,
traction and soft-tissue techniques such as massage. Immobilization
with a cervical orthosis along with neck-strengthening exercises may
be helpful. It should be noted, however, that older patients have dif
ficulty wearing a soft collar because it tends to be too large and
uncomfortable. Rigid supports should rarely be used.

COMMON CLINICAL SYNDROMES
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are extremely useful in differentiating various types of cervical dis
ease. Probably the most useful test is computerized tomography
(CT) with intrathecal contrast. This technique provides an excellent
differential between bone and soft-tissue lesions and can accurately
demonstrate canal size and foraminal narrowing. Magnetic reso
nance imaging (MRI) is also useful as a noninvasive way of evaluat
ing the spinal cord, soft tissues and neural structures (Wilberger &
Chedid 1988).Plain radiographs can demonstrate bony changes and
obvious foramina I narrowing but tend to be more generalized (see
Chapter 14).

Differential diagnosis
- -_..__.~--------------
In generating a differential diagnosis when working with an older
individual, other diseases should be considered (Buszek et al 1983,
Harrington 1986). Neoplasms, the most common being metastatic
tumors from carcinoma of the breast, prostate, kidney or thyroid,
should be sought. Pain resulting from metastatic disease tends to be
more intense at night and is often unremitting.

Sepsis of the skeleton occurs infrequently in the cervical spine but
is commonly seen in the lumbosacral spine and can occur following
urogenital procedures. In those over the age of 65, sepsis of skin, soft
tissue and bone accounts for 4.4%of all patients hospitalized for sep
sis (Martin et al 2006). Other inflammatory diseases can also lead to
myelopathy; they include rheumatoid arthritis, ankylosing spondylitis,
Reiter's syndrome and diffuse idiopathic skeletal hypertrophy
(DISH). However, most patients with such diseases present with other
joint symptoms before the cervical spine becomes involved (Clark
1988,Wilberger & Chedid 1988).

Cervical disk disease must be differentiated from primary shoul
der disorders (Hawkins 1985). Rotator cuff tendonitis, subacromial
bursitis and acromioclavicular joint problems can present with
shoulder pain that radiates into the paraspinous muscle area. It is
possible for a patient to have both primary shoulder disease and
degenerative disk disease of the cervical spine. Selective injections,
particularly into the subacromial space or the glenohumeral joint,
can be helpful in differential diagnosis. Polymyalgia rheumatica
should also be considered when an older patient presents specifi
cally with significant proximal pain and stiffness in the morning.
This can develop into an acute emergency if the patient develops
temporal arteritis and visual difficulties. The treatment of polymyal
gia includes high-dose steroids. A patient who presents with these
symptoms should be referred to a physician immediately for evalu
ation and treatment.

Other neurological findings that may be confused with cervical
radiculopathies include compressive neuropathies such as entrapment
of the suprascapular nerve, with pain in the upper scapular region and
atrophy of the rotator cuff musculature. Median and ulnar nerve com
pression and thoracic outlet syndrome also present with shoulder pain,
along with paresthesia or weakness. Differentiation can be determined
by nerve conduction studies or electromyelograms (see Chapters 34
and 35 for discussion of neuropathies).

The bilateral vertebral arteries pass through the foramen transver
sarium and join to form the basilar artery and supply the circle of
Willis. Age-related degenerative changes in the cervical spine may
compromise this circulation, especially when the neck is extended,
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and are a possible cause of tinnitus, dizziness or balance complaints
(Kesson & Atkins 2(05).

TREATMENT

The majority of cervical symptoms in the geriatric patient can be
treated by means of physical therapy and careful monitoring.
Surgery is indicated primarily in a patient with myelopathy, progres
sive compression of the spinal cord or significant nerve root encroach
ment that causes pain and progressive weakness in a specific nerve
distribution. As mentioned previously, the remainder of musculoskele
tal problems can be treated with heat, electrical stimulation, ultra
sound, traction, soft-tissue massage, ROM exercises and muscle
strengthening. Other manual techniques, such as mobilization and
stretching, are often helpful but the vertebrobasilar system must be
cleared (Kesson & Atkins 2(05). Clinically, cervical spondylosis, and
especially the vertebral artery compromise, may limit cervical spine
ROM exercises and the use of the Hallpike maneuver. lnunobilization
should be used only if necessary because it may encourage further
stiffness and muscle atrophy.

When comparing the outcomes of surgery, individualized physi
cal therapy and cervical collar use in individuals with 3 or more
months of cervicobrachial pain with evidence of spondylosis,
Persson et al (1997) reported that the surgical group had the best
pain relief after treatment but that functional improvements (mea
sured on the Sickness Impact Profile) were the same for the surgical
and the physical therapy groups. At 12 months, there was no differ
ence among the groups.

Vigorous manipulation should not be used because of the risk of
encroachment on the vertebral arteries and the possibility of stroke.
Antiinflammatory medications are a useful adjunct; however, many
patients experience gastrointestinal irritation and bleeding as a result
of such medication, and acetaminophen seems to provide similar
symptomatic relief without the undesirable side effects. Generally
speaking, a patient should not be restricted to bedrest for a spinal
abnormality unless it is absolutely necessary and, in those instances,
careful monitoring is vital to avoid excessive pressure that could
result in decubiti and to avoid pulmonary compromise and subse
quent development of pneumonia.

CONCLUSION

Neck pain is common in individuals over the age of 50 and may
become more so because of environmental considerations, for exam
ple the use of a computer, driving and physical inactivity. Degenerative
changes, the cause of the majority of problems, may cause encroach
ment on the spinal cord or spinal nerves and present as myelopathy or
radiculopathy. Differential diagnosis is crucial because other condi
tions can cause the same or similar symptoms. Treatment with anti
inflammatory medications and physical therapy procedures and
modalities may provide successful outcomes. Surgery is indicated for
patients with myelopathy, progressive spinal cord compression or sig
nificant nerve root encroachment. Bedrest is not a primary treatment.
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INTRODUCTION

Clinically, the aging spine presents with a loss of height and mobility.
Degenerative changes in disks and spondylosis of the zygapophy
seal joints are common. It is estimated that, by the age of 45,approxi
mately 75% of males and 60% of females have some lumbar disk
degeneration at grades 1-4. The amount increases to over 90% and
80%,respectively,by the age of 65,with increased frequency of grade
3-4 degeneration (Badley 1987). In the thoracic spine, osteoarthritis
and osteoporotic problems are more common than intervertebral
disk disease (Kesson & Atkins 2005).

DISORDERS OF THE THORACIC SPINE

Unlike the disorders typical of cervicaland lumbosacral areas, the dis
order of the thoracic spine that is most commonly seen in geriatric
patients results from metabolic disease, particularly osteoporosis
(Lane 1997). As bone mass decreases in elderly individuals, the ver
tebral bodies are at particular risk for compression fractures. A patient
with multiple compression fractures in the thoracic spine can develop
a severe kyphosis ('dowager's hump') and severe deformities. Mini
mal trauma or none at all may create compression fractures in
the geriatric population with low bone mineral density (see
Chapters 19and 62). Patients complain of acute pain in the mid tho
racie region, which is often incapacitating. Examination reveals sig
nificant tenderness with palpation of the spinous process and an
obvious deformity when multiple vertebral bodies are involved.
There is also significant paraspinous muscle spasm. The neurological
examination generally remains intact. Plain radiographs demonstrate

the abnormality as well as diffuse loss of bone mass in the adjacent
vertebral bodies (see Chapter 19).

Compression fractures, however, must be differentiated from
malignancies. It is not uncommon for a patient with multiple
myeloma or metastatic disease to present with a compression frac
ture. A bone scan, which may demonstrate lesions in other areas of
the skeleton, is useful in differentiating a malignancy from a com
pression fracture resulting from osteoporosis.

Other thoracic spinal abnormalities include infections and degen
erative disk disease. Diffuse idiopathic skeletal hyperostosis (DISH)
is more commonly found in the thoracic spine, presenting as stiffness
and local pain. When it occurs in the cervical spine it can cause dys
phagia (Merck Manual of Geriatrics 2(00). In addition, other visceral
problems can present as acute back pain in older patients, particu
larly ruptured aneurysms, myocardial infarctions, mediastinal tumors,
acute pneumonia and peptic ulcer disease (Harrison 1986).A careful
physical examination and laboratory and diagnostic studies can dif
ferentiate viscerogenic from spinal disorders.

Treatment of compression fractures
The treatment of a compression fracture involves analgesics and
bedrest for a short period of time, followed by gradual mobilization
and weight-bearing with assistive devices, if required. Caution must
be exercised because the biomechanics (long lever arm) of lifting a
walker can actually provoke increased thoracic pain. A wheeled
walker reduces biomechanical strain. Prolonged bedrest leads to fur
ther osteopenia caused by disuse and to other complications, includ
ing pneumonia and urinary incontinence. If analgesics are incapable
of resolving these symptoms or if polypharmacy is a concern, a tran
scutaneous electrical nerve stimulation (TENS) unit may be helpful
in relieving the paraspinous pain. External immobilization such as
hyperextension braces are often of little use for these patients because
they can be extremely uncomfortable and often cause chest compres
sion and resultant difficulties in lung expansion and breathing. If
necessary, a simple extended corset can be used for support. The
Spinomed (Medi-Bayreuth, Germany) lightweight moldable brace
has been shown to improve trunk strength, improve forced expira
tory volume and decrease kyphosis, pain and postural sway (Pfeifer
et al 2004). Within a period of 1-2 weeks, once the symptoms have
resolved, extension exercises may be useful in preventing further
deformity. Jewett extension braces or other rigid external supports
are frequently found to have been placed in the drawer next to the
patient rather than on the patient because of the discomfort involved
in using them; therefore, unless the deformity is severe, immobiliza
tion is not customary.
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If pain persists for longer than 2-3 months, surgical intervention
with the newer procedures of kyphoplasty or vertebroplasty may be
beneficial (see Chapter 19).

Edmonds et al (2005) reported that aging females with osteo
porotic-related vertebral deformities had significant limitations in
pushing or pulling a large object like a living room chair; however,
the presence or absence of back pain, aching or stiffness was a
greater factor in functional activities. Women with vertebral defor
mities and back symptoms had greater functional limitations than
women who had a deformity and no back symptoms.

DISORDERS OF THE LUMBOSACRAL SPINE

As in the cervical spine, degenerative disorders of the lumbosacral
spine are common in older individuals (Badley 1987). These disor
ders are more prominent at the U, L5 and Sllevels and involve the
nucleus. The changes include loss of the water content, which dimin
ishes from nearly 90% at birth to 65-71% at 75 years. Reductions also
occur in the proteoglycans and number and structure of collagens
(Kesson & Atkins 2005), thereby diminishing the pliability of the
intervertebral disk leading to disk collapse and, occasionally, disk
protrusion. As disks collapse, instability in the adjacent vertebrae
develops, often causing mechanical low back problems. In addition,
significant arthritic change can lead to stenosis of the central spinal
canal or the foramina of the nerve roots.

A patient with spinal stenosis tends to have a classic presentation.
Typically, there is pain in the lower back or pain radiating down both
legs, usually after walking for a brief time. The symptoms are
relieved with rest or flexion of the spine. Once the patient resumes
walking, the symptoms recur. This is similar to the experience of
lower limb claudication as a result of vascular compromise.
Examination of a patient with spinal stenosis often demonstrates a
replication of the symptoms after hyperextension of the spine.
Hyperextension leads to a narrowing of the spinal canal in the lum
bosacral region and results in cord compression. The symptoms may
also be aggravated by stenosis of the vertebral foramina, which often
leads to radicular symptoms in addition to the claudication.

Treatment of spinal stenosis in severe cases is almost always sur
gical; however, age-related comorbidities may limit this option
(Reeg 2001). A patient experiences acute relief of symptoms follow
ing decompression of the spinal canal. Often, multiple vertebrae
require decompression and so fusion is necessary to prevent insta
bility of the lumbosacral spine. This is often accompanied by spinal
instrumentation to provide rigidity and stability of the spine until
the vertebrae have fused. This also allows for earlier mobilization of
the patient.

The results of decompressive spinal surgery for stenosis demon
strate that most patients get some pain relief although not total relief.
Patients are also able to increase walking distances, which is very
important for the quality of life. However, other degenerative
changes in the spine can continue to limit a patient's walking capac
ity (Herno et all999, Amundsen et aI2ooo).

In mild cases, nonsteroidal antiinflammatories and, occasionally,
epidural steroid blocks may be helpful in relieving the patient's
symptoms. In addition to history and physical examination, the
diagnosis of spinal stenosis can easily be made with the use of com
puterized tomography, with or without intrathecal contrast.

As in the thoracic spine, lumbosacral supports and corsets are often
uncomfortable and provide little if any relief of symptoms for a
patient with low back problems. Abdominal exercises and stretching
provide the most relief to a patient suffering from mechanical low
back pain. Occasionally, massage, hot packs and ultrasound are also

useful in resolving symptoms. Reduced weight-bearing walking
exercises in an aquatic program or in a harness suspension on land
have been shown to reduce symptoms and improve exercise toler
ance (Fritz et all997, Simotas 2001).It is important to remember that
the patient with spinal stenosis has concomitant degenerative
changes and, thus, a therapeutic exercise program should be indi
vidualized. This program may include postural retraining and over
all strengthening and conditioning (Bodack & Monteiro 2001).

History and differential diagnosis
A medical history is very important because back pain can result
from pathologies in other structures such as the aorta (especially
aneurysm), kidney, bowel, uterus or prostate (Merck Manual of
Geriatrics 2000, Kesson & Atkins 2005). When a patient experiences
an acute onset of low back pain, a compression fracture or neoplasm
must be considered. Plain radiographs and laboratory tests should
differentiate the two abnormalities.

Unexplained loss of weight and pain without cause may raise a
suspicion of cancer. Multiple myeloma is a neoplastic disorder
involving immature plasma cells in bone marrow. It often produces
back or rib pain. Non-Hodgkin's lymphoma may also involve bone
(Merck Manualof Geriatrics 2000). Metastatic bone disease from pri
mary breast or prostate cancers is frequently found in the lumbar
spine and may present in a variety of ways. Metastasis from colon
cancer is less common but can occur (Lurie et al 2000). Neoplastic
bone pain is usually a boring pain that often wakes the patient at
night; rest does not relieve the pain. These symptoms are significant
in a patient with a history of cancer (Kesson & Atkins 2005).
Weakness and fatigue may also be reported.

Osteomyelitis, diskitis and other spinal infections must be ruled
out, especially because radiographic evidence of degenerative
changes is common in the aging spine, as noted previously (see
Chapter 14). Lurie and associates (2000) presented the case of an
80-year-old man with noted arthritic changes in the spine and hip,
including severe spinal stenosis. Treatment with rest and medica
tions, including codeine, was ineffective. The patient had a decom
pressive laminectomy without relief of his symptoms. After further
workup and sound clinical reasoning, the patient was started on
intravenous antibiotics for a spine infection, which rendered a grad
ual improvement. It should be noted that spinal infections mimic
back pain and radicular complaints but they do not always present
with typical features of infection. Fortunately, spinal infections an'
not common, accounting for about 0.01% of cases in primary carl'
(Lurie et al 2000).

OSTEOMALACIA

Osteomalacia is a bone disease that involves the failure of newly
formed or remodeling bone to mineralize, which results in an excess
of unmineralized bone matrix (osteoid). Osteomalacia refers to the
adult form of this condition; rickets is the same disease process but it
specifically targets the epiphysis in the growing skeleton (Pitt 1991).
Osteomalacia results from inadequate or delayed mineralization of
mature cortical and spongy bone; this occurs because of the loss,
altered intake or altered metabolism of 1,25-dihydroxyvitamin LJ3
(vitamin D3) and phosphate (Merck Manual of Geriatrics 2000).

The gross histopathological and radiological abnormalities of
osteomalacia are the common result of a number of different dis
eases. In general, osteomalacia is considered to be most commonly
caused by altered metabolism of vitamin D3 or phosphate or both, a
condition for which the elderly population is at particular risk.



Recent advances in the understanding of the biochemistry of vitamin
03 metabolism have provided new insight into this condition. In
developed countries, elderly individuals, particularly the house
bound or institutionalized, are vulnerable to osteomalacia.

In general, vitamin 03 deficiency occurs in those whose vitamin
03 intake is close to zero and who, in addition, have minimal or no
exposure to ultraviolet radiation. Vitamin 03 deficiency may be
caused by an inadequate intake of vitamin 03 or by defective intes
tinal absorption of vitamin 03, as is observed in malabsorption syn
dromes such as jejunoileal bypass. In addition, there may be an
age-related diminished response of the intestine to vitamin 03. In
normal individuals, the main source of vitamin 03 is dermal synthe
sis. There is an age-related decrease in the dermal synthesis of
7-dehydrocholesterol, the precursor of vitamin 03. A deficiency can
also occur if there is a defect in vitamin 03 metabolism. Most dis
eases are not caused by simple vitamin 03 deficiency but involve
abnormal production or regulation of its synthesis in the liver or kid
neys. The ultimate consequence is the inability to produce sufficient
quantities of this vitamin.

Renal disorders are the main cause of difficulty in metabolizing
phosphate. When phosphate depletion is a causative factor for osteo
malacia, the serum phosphorus is markedly depressed. In osteoma
lacic patients, it is common to find very low plasma phosphate
levels. Alimentary phosphate deficiency is additionally aggravated
by vitamin 03 deficiency. Vitamin 03 promotes jejunal phosphate
absorption and renal phosphate reabsorption. Disorders that affect
phosphate absorption in the intestines or reabsorption in the kidneys
include certain conditions for which large amounts of phosphate
binding antacids have been administered. This is of particular
importance considering that these agents may be employed to man
age other age-related disorders such as osteoporosis (Pitt 1991,Merck
Manual ofGeriatrics 2(00).

Patients may have vague generalized bone pain, multiple fractures,
thoracic kyphosis and loss of height because of multiple vertebral com
pression fractures, and deformity of the lower limbs because of the
malunion or bowing associated with pseudofractures. Osteomalacia
can affect bone turnover to the extent that fractures occur in situa
tions that otherwise might constitute only a minimal to moderate
impact stress. Lumbar scoliosis may develop because of the altered
biconcave shape of affected vertebral bodies. The patient may com
plain of generalized bone pain of a dull aching nature and muscle
weakness, particularly in the proximal muscle groups in the lower
extremities (also referred to as pelvic girdle myopathy) and back.
This diffuse skeletal pain is typically exacerbated by physical activ
ity and tenderness may be elicited by palpation. Muscle weakness is
a common accompaniment to prolonged vitamin D3 deficiency,
although the mechanism is unknown. A characteristic waddling gait
manifests with this condition and generalized muscle atrophy may
be evident. Functional activities such as climbing stairs and ambula
tion may become difficult, making requisite the use of gait aids for
support. In the extreme case, the composite presentation of weak
ness and muscle atrophy, skeletal deformities and fracture incidence
may even lead the affected individual to become wheelchair-bound
or bedridden (Lyleset al 1995,Merck Manual ofGeriatrics 2000).

In most cases, the stereotypical presentation of osteomalacia can
be cured or at least improved with appropriate therapy for the spe
cific underlying abnormality. Although there may be different
underlying causes of this skeletal disorder, most signs and symp
toms resolve with supplementation of vitamin 03, which aims to
restore plasma calcium and phosphate levels to normal. Bone pain
should disappear promptly. Concurrent with appropriate pharma
cological therapy, physical management strategies should include
postural and peripheral muscle strengthening exercises and gait
retraining in order to attain maximal functional status. There are no
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apparent contraindications, but sound judgment should be used and
proper precautions taken when treating a patient who has osteoma
lacia with ultrasound, electrical stimulation, heat or cold, or when
loading the bone with weight-bearing and resistive exercises.

PAGET'S DISEASE OF THE BONE

Paget's disease, also known as osteitis deformans, is a common bone
disorder among the elderly; it rarely affects people below the age of
40.Approximately 60%of those affected with this condition are male.
Paget's disease is a chronic asymmetrical focal bone disease that fea
tures increased osteoclastic bone resorption and aberrant secondary
osteoblastic bone formation.

Paget's disease is more prevalent in people with northern European
ancestry; it is common in the United Kingdom as well as in western
Europe, Australia and New Zealand, but is rare in Scandinavia, Asia
and Africa. The incidence of Paget's disease in North America appears
to be comparable to that of Europe, with prevalence ranging from 1%
to 3% of adults over 40 years of age (Papapoulos 1997).

The overall structure of the bone demonstrates a mosaic pattern in
which packets of bone are laid down subsequent to a phase of osteo
clastic bone resorption. The bone that becomes enclosed in individ
ual packets consists of true woven bone as well as lamellar bone.
There is marked net bone formation, which is essentially normal.
Bone biopsy remains important for the differentiation between
malignancy and the pagetic bone (Merck Manual of Geriatrics 2000).

Unlike osteomalacia, radiographs and bone scans are definitive in
revealing an active disease process in Paget's disease, so these meth
ods are useful in making a diagnosis. The typically focal nature of
Paget's disease and the extent of spread in individual bones makes
the bone scan useful in differentiating Paget's disease from other
bone diseases, including metastatic carcinoma. A bone scan demon
strates an increased uptake of isotopes at diseased sites, reflecting
the activity of bone formation.

Specific patterns of radiographic changes are featured in Paget's
disease. A typical presentation includes radiolucent areas of patchy
arrangement that indicate increased bone resorption, as well as evi
dence of regional bone formation processes represented by cortical
and cancellous thickening and sclerosis, and uneven widths of
affected bones. Patchy areas of resorption typical of Paget's disease
are referred to as osteoporosis circumscripta. In the pelvis, there may
be evidence of sclerosis along the iliopectineal line. In the vertebrae,
cortical thickening and expansion are characteristic but this appear
ance may be difficult to distinguish from osteoblastic metastasis,
which occurs without cortical thickening. In pagetic bone, neoplastic
changes occur in less than 1% of cases but osteosarcoma is associated
with Paget's disease in the elderly. In addition, fibrosarcoma and chon
drosarcoma may occur (Merck Manual of Geriatrics 2(00).

Clinical presentation
Approximately 90% of individuals affected by Paget's disease are
asymptomatic. Diagnosis is usually made by reports of bone pain or
deformity, radiography or inadvertent detection of elevated serum
alkaline phosphatase levels upon routine biochemical testing. The
most common complaints reported are pain, skeletal deformity and
changes in skin temperature. Other clinical manifestations include
diminished mobility and unsteady gait; in more severe cases of
Paget's disease, pathological fractures may manifest. The major clin
ical features are outlined in Table 26.1.

Bone pain is often nocturnal and is thought to be the result of
increased pressure on the periosteum or associated hyperemia.
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Table 26.1 Major clinical features of advanced Paget's
disease

Bones Clinical features

Skull Headaches, deafness, expanded skull size,
cranial palsies

Facial bones Deformity, dental problems

Vertebrae Root compression, cord compression

Long bones Deformity determined bystresses to bone, e.g.
bowing of tibia (anterior) or femur (lateral);
secondary osteoarthritis; incremental fissure
fractures; excessive operative bleeding

General Bone pain; malaise; immobility; deformity;
bone sarcoma; heat over affected bones;
high-output cardiac failure

From Anderson a Richardson (1992), with permission.

Other causes of pain may be nerve root compression or nerve entrap
ment if the diseased bone involves a nerve foramen or canal. The
deep-rooted pain of Paget's disease is often unresponsive to simple
analgesics and is more likely to be experienced when at rest than dur
ing movement. The efficacy of physical modalities in treating pagetic
pain is unclear and is best applied on an individual basis. Mixed sen
sorineural and conductive hearing loss is a common clinical manifes
tation of Paget's disease. Auditory nerve compression occurs when
Paget's disease involves the petrous temporal bone, and encroach
ment on the internal auditory meatus may cause compression of cra
nial nerve VIII, leading to hearing loss. Conduction deafness may
result from otosclerosis or indirect involvement of the cochlea or
ossicles and is also a common finding in patients with Paget's
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INTRODUCTION

As the number of elderly people continues to increase, muscu
loskeletal injuries can be expected to become more prevalent and
have a profound effect on both society and its healthcare system.
Today, more than ever, many geriatric patients lead active and pro
ductive lives. Unfortunately, such a lifestyle can be dramatically
changed by an inadvertent slip or fall that causes an orthopedic
injury. This chapter focuses on the rehabilitation of such orthopedic
injuries in the geriatric population.

Rehabilitation may be defined as the restoration of normal form
and function after an injury or an illness (Dirckx 2(01). What is
meant by 'normal form and function' varies from individual to indi
vidual. A reasonable goal in the injured patient is to return them to
their preinjury activities.

The American Academy of Orthopedic Surgeons (2005) has sug
gested that, by the year 2050, there will be an estimated 650000 hip
fractures annually in the US.At a cost of US$26912per patient, these
injuries represent a staggering economic burden. Only 25% of these
patients will make a full recovery,30% will require nursing-home care
and 50% will need either a cane or a walker. Within approximately 1
year, 30%of these elderly patients will die (Moran & Wenn 2(05). Data
from Europe indicate that hip fractures are a similarly serious problem
(Lippuner et al2(05). Such statistics point out the need for expert and
efficient musculoskeletal care.

The goal of fracture care in this age group is early mobilization
and restoration of function. Lengthy periods of inactivity increase
the risk of deep vein thrombosis, pressure ulcers and pulmonary
complications such as pneumonia. Surgical intervention, when neces
sary, is best carried out within the first 48h after injury, providing the

patient is medically stable. Both the orthopedic surgeon and the phys
ical therapist must understand that there may be a decline in the
capacity for healing in the geriatric population.

BASIC PRINCIPLES FOR REHABILITATION

The goals of rehabilitation are to: (i) control and reduce inflammation,
(ii) restore motion, (iii) regain strength, (iv) develop motor control and
coordination, and (v) restore function. The rehabilitation process in
pelvic or lower extremity injuries is begun by mobilizing the patient.
This consists of getting the individual out of bed into a chair and is fol
lowed by ambulation with external support (cane, crutches or walker).
At the same time, joint mobility and flexibility must be restored. This is
accomplished with both active and passive range-of-motion exercises
for the joints involved. As both mobility and range of motion are
regained, emphasis must be placed on reacquiring motor control and
coordination.

It is desirable to start mobilization as soon as the patient's medical
condition permits. Learning to ambulate with either crutches or a
walker in a reduced weight-bearing fashion is a challenge to most
people. The amount of energy required to perform limited weight
bearing is 30-50% greater than that required for normal ambulation.
This added demand could be particularly taxing for elderly individ
uals, especially if they have a decreased cardiopulmonary reserve.

In upper extremity injuries, patient mobilization is usually not as
difficult to attain. The only necessary instructions may be to keep the
arm elevated and to educate the patient on how to get in and out of
bed and chairs without putting pressure on the injured extremity. In
general, severe injuries, or those with upper and lower extremity
involvement, pose a greater obstacle to mobilization. In such instances,
initial attention may have to be focused on simple transfers from bed
to chair because ambulation may not be possible. The use of adaptive
equipment, such as forearm supports on assistive devices, may prove
to be necessary. The geriatric patient may already have some preex
isting impairment of mobility that has to be taken into consideration.
The goal of rehabilitation is to get the patient back to their preinjury
status, if at all possible.

MOTION

One of the therapist's responsibilities is to instruct and assist the
patient in the restoration of range of motion after injury. At all times,
the physician should communicate with the therapist regarding any
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precautions or restrictions. Such communication should take place
on a regular basis and must always be documented.

MOTOR CONTROL AND COORDINATION

Motor control is necessary before any active exercise can begin or
progress. Sometimes, electrical stimulation is needed to activate
muscles that demonstrate atrophy or painful muscle guarding.
Coordination is crucial to motor control. It involves smooth and accu
rate movement of the joints in the kinetic chain. The timing and
sequencing of the movement of ipsilateral and contralateral joints
requires neural control and musculoskeletal integrity. For example, a
humeral fracture that disrupts the coordinated movement of the
involved arm also reduces the contralateral arm swing during normal
reciprocal gait. Proper breathing, decreased muscular guarding and
reduced abnormal flexor and adductor tones facilitate coordination.

STRENGTHENING

When some degree of comfortable motion and muscle control are
obtained, strengthening can be started. Increased strength often
results in increased motion. It has been shown that age is no barrier
to regaining or even increasing strength.

An effective method of strengthening is progressive resistance exer
cise (PRE). One such technique exercises each muscle group with
enough weight (resistance) to allow 20-30 repetitions. Once 30 repeti
tions can be achieved, the resistance is increased and the progression
of repetitions from 20 to 30 is repeated. Another method involves the
patient completing three sets of 10-15 repetitions, decreasing the
weights with each set, or three sets using the same weight but decreas
ing the number of repetitions (from 20 to 15 to to).

ADAPTATION

At some point during rehabilitation it may become evident that there
will be some permanent functional limitation or disability. Changes
in anatomy, and consequently in function, may force changes in the
patent's lifestyle. In order to adapt to these changes, different training
techniques or equipment may be needed. These needs may be appar
ent early in the rehabilitation period if, for instance, there has been a
major amputation. In other cases, it may become evident later in the
course of rehabilitation that permanent loss of joint motion or strength
is inevitable and that compensation during work or play is required.

The ability to restore some form of useful activity in the involved
extremity is one of the primary goals of rehabilitation, although it
may not always be attainable. It may be that the patient will need to
adjust to a more sedentary lifestyle or pursue activities that are less
physically demanding. Learning to accept these limitations is part of
regaining a meaningful life.

TREATMENT OF OSTEOPOROSIS

One of the major contributing factors to the occurrence of muscu
loskeletal injuries is osteoporosis. Osteoporosis is a systemic disor
der that is characterized by decreased bone mass and an increased
vulnerability to pathological fractures. Fractures in osteoporotic
bone occur most frequently in the metaphyseal region. In total, 50%
of women and 18% of men older than 50 will sustain an osteoporotic

fracture (Cornell 2003). Treatment of this problem must be part of
comprehensive fracture care.

Bone mineral density testing should be performed on all patients
over the age of 50 to rule out osteoporosis and, if necessary, an appro
priate treatment regimen initiated to minimize further bone loss.
Calcium supplementation and adequate vitamin D intake are neces
sary for all patients with osteoporosis. If possible, regular physical
activity, including weight-bearing and resistance exercise, may also
be helpful.

REHABILITATION AFTER SPECIFIC INJURIES

Fractures of the proximal humerus
A fall onto the outstretched hand is the most common mechanism of
injury for fractures of the proximal humerus. This is a frequently
encountered injury in the elderly population. Fortunately, the great
majority of these fractures are either nondisplaced or minimally dis
placed and can be treated by sling and swathe immobilization for
10-14 days followed by gentle range of motion exercises. Elbow flex
ion and extension, forearm pronation and forearm supination can be
started during the period of immobilization. Prior to initiating the
exercise program for the shoulder, clinical continuity (the fracture
moves as a single unit) must be present. If the fracture is unstable, as
is often the case when there is considerable comminution and dis
placement, an open reduction with internal fixation may lead to bet
ter range of motion, improved strength and a superior functional
outcome. A humeral head prosthesis is often indicated for displaced
four-part fractures of the proximal humerus.

If there is stability at the fracture site, passive and active assisted
range of motion is started very early. This consists of pendulum exer
cises (Codman) and supine external glenohumeral rotation with a
stick. About 3-4 weeks after the fracture has occurred, active-assisted
forward elevation, pulley exercise, extension and isometrics can be
added. After this first phase has been completed, active and early
resistive exercises become important. Therabands are often used to
strengthen the shoulder rotators and deltoid muscle. A program that
emphasizes further stretching and strengthening is appropriate
3 months after a fracture.

It is important in the early stages of fracture healing for the patient to
avoid using the affected arm when getting into and out of bed or a
chair.Such actions can displace the fracture even when there has been
stable internal fixation. Displacement is more likely to occur in the
patient with multiple injuries or with limited cognitive capabilities.
Throughout the entire rehabilitation program, the therapist should be
working with and assessing functional mobility of the neck, scapula,
elbow, wrist and hand. Most patients with fractures of the proximal
humerus do obtain satisfactory results; however, it must be understood
that usually there is some resultant loss of motion and strength.
Complications include malunion, nonunion, delayed union and loss
of motion.

Fractures of the distal radius
Fractures of the distal radius account for up to 16%of all fractures in
adults, with women seven times more likely to be affected than men
(Newport 2000). The most common musculoskeletal injury of the
upper extremity in the geriatric population is a displaced fracture of
the distal radius. Such fractures usually occur after a fall on an out
stretched hand. A Colles' fracture involves the distal radial meta
physis, which becomes dorsally angulated and displaced. Often, the
fracture is comminuted and involves the articular surface. A Smith's



fracture demonstrates volar angulation of the distal radius whereas a
Barton's fracture is a shear fracture (dislocation with displacement of
the rim of the distal radius).

Treatment options for these fractures include simple cast immobi
lization, closed reduction with casting or external fixation and open
reduction with internal fixation. The possible complications that
may result from this particular type of fracture include delayed
union, nonunion, malunion, median nerve compression, tendon
damage, arthritic flares and loss of motion.

Restoration of motion and strength, which leads to improved func
tion, is of vital importance in the rehabilitation of wrist fractures.
After appropriate consultation with the attending physician, range of
motion and strengthening exercises for areas of the upper extremities
that are not immobilized should be initiated immediately, if possible,
to prevent residual stiffness in the shoulder, elbow and hand. Once
immobilization is no longer necessary, active-assisted and active
exercises are encouraged in all six directions - flexion, extension,
radial and ulnar deviation, pronation and supination. Modalities
such as hydrotherapy, electrical stimulation, heat, cold or ultrasound
may be helpful. Depending upon the status of fracture healing and
the amount of joint stiffness, the therapist may incorporate specific
mobilization techniques to increase the range of motion. The initia
tion of muscle control and coordination may be difficult when motion
is painful. In addition to addressing the inflammatory process, which
causes pain and swelling, the therapist should attend to the head,
neck and trunk posture, which may contribute to the patient's dis
comfort and limitations of movement. As range of motion in the wrist
increases, strengthening activities using motion against resistance
should be included in the treatment plan. The final goal should be to
restore range of motion and strength of the injured hand and wrist to
preinjury levels. Unfortunately, this is not always possible and some
degree of impairment may remain.

Intertrochanteric fractures
An intertrochanteric fracture occurs along a line that is located
between the greater and lesser trochanters. These fractures are seen
most commonly in the elderly and are usually the result of a fall. The
goal of treatment for this particular type of fracture should be to
restore the patient to his or her preinjury status as quickly as possi
ble. Whenever possible, operative treatment is indicated for rapid
mobilization, ease of nursing care, shorter hospitalization, decreased
mortality and restoration of function.

Open reduction with internal fixation using either a compression
hip screw or an intramedullary device is the treatment of choice.
Ideally, the surgery should be performed within the first 48 h follow
ing the fracture. The success of the surgical procedure largely
depends upon: (i) bone quality, (ii) fracture pattern, (iii) accuracy of
the reduction, and (iv) the adequacy of internal fixation.

The major goal of rehabilitation after an intertrochanteric fracture is
to enable the patient to walk, especially if they were ambulatory prior
to the injury. Mobilizing the patient is best begun immediately follow
ing surgery. Range of motion exercises are encouraged as soon as the
initial pain subsides and the patient can safely cooperate with the
physical therapist. Range of motion in all directions is advised, to pre
vent flexion or adduction contractures that can make ambulation
more difficult. Getting the patient to a level where they can control the
involved limb is essential to permit adequate mobility in bed and pre
vent the onset of pressure ulcers, and to allow for independent trans
fers into and out of bed. Balance and coordination instructions are
given concurrently with all phases of ambulation.

Usually the patient should get out of bed and transfer to a chair on
the day following surgery. With intertrochanteric fractures, protective
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weight-bearing is often necessary. The weight-bearing status is deter
mined by the accuracy and stability of the reduction achieved at the
time of surgery, bone quality, premorbid status and mental alertness.
An alert patient can understand the concept of limited weight
bearing and thus behave appropriately. A patient who is not strong
enough to manage partial weight-bearing or not coherent enough to
understand the therapist's instructions may be limited to a wheel
chair and/or pre-gait activities, such as sit-to-stand and static stance
with weight shift, until they are stronger or until the fracture has
healed sufficiently to permit unrestricted weight-bearing. Early
assisted swing (slide) phase of gait of the involved leg may be helpful
in facilitating proper weight-bearing and restoration of functional
gait in the future. This is achieved with the patient standing in the
parallel bars or with a walker and simply sliding the foot of the
involved leg forward and backward or lifting the involved leg over a
low obstacle (cane, cup or cone) that is placed on the floor in front of
the patient.

Strengthening the hip abductors gradually reduces the
Trendelenburg gait pattern commonly seen following a hip fracture.
Progressive resistance exercises are used, starting with abduction
while standing or the use of a sliding board while supine. As strength
increases, the patient is instructed to perform the exercises while lying
on the contralateral side, thus abducting against gravity. Coexisting
musculoskeletal and cardiovascular conditions may necessitate modi
fication of these positions. Once 20-30 repetitions can be performed,
progressive resistance is added. Strengthening for flexors, extensors,
rotators and adductors is also important.

After the fracture heals and rehabilitation is complete, occasional
decreased mobility may be the end result. Patient adaptation may
involve having to accept the permanent use of a cane or a walker to
aid in balance, reduce the Trendelenburg deviation that is associated
with weak abductors and increase both patient safety and mobility.
The patient with an intertrochanteric fracture should be expected to
transfer and ambulate independently before being discharged home.
If this is not possible, placement in an assisted-living facility or a
nursing home may be necessary.

Femoral neck fractures
Femoral neck fractures occur most commonly in the eighth decade
of life as a result of bone that is weakened by either osteoporosis
or osteomalacia. The most common mechanisms of injury are
either a fall that causes a direct blow to the greater trochanter or
forced lateral rotation of the lower extremity (Rockwood et all996).
If a fracture is displaced, the arterial supply to the most proximal
end of the femur may be disrupted allowing either a nonunion or
avascular necrosis to develop. Thus, many orthopedic surgeons
choose to treat displaced femoral neck fractures by performing a
hemiarthroplasty (replacement of the femoral head and neck with a
prosthesis).

If a posterior surgical approach is used when the hemiarthroplasty
is performed, caution must be used for the first month to prevent hip
dislocation. A dislocation may occur with the combination of exces
sive hip flexion, adduction and internal rotation. The avoidance of this
position in the early postoperative period is imperative. Safety mea
sures must alsobe taken when patients are putting on their stockings
and shoes as well as when they are recumbent in bed or sitting
upright. In cases in which the stability of the prosthesis is in question,
an abduction pillow is extremely helpful. These patients should also
be instructed to sit in a leanback chair so that the hip is flexed no more
than 90". In most cases, when a prosthesis is inserted, a graduated
Weight-bearing program is indicated.
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Figure 27.1 (A) Computerized tomography demonstrating the split component of a lateral tibial plateau fracture. (B) The same study
showing significant depression of the lateral tibial plateau.

Supracondylar fractures of the distal femur
The supracondylar region of the distal femur is often weakened by
osteoporosis and even low energy forces can create complex fracture
patterns. The resulting fractures are often comminuted, displaced
and intra-articular, making management quite difficult. Earlier
forms of treatment consisted of traction and cast bracing, which
often resulted in loss of joint motion. More recent internal fixation
techniques often allow for an anatomical reconstruction of the
osseous structures, more rigid internal fixation and earlier patient
mobilization, allowing for improved range of motion and function.

If rigid internal fixation has been achieved at the time of surgery,
the use of a continuous passive motion machine is advised. This
encourages increased knee motion, less postoperative swelling and
reduces the incidence of quadriceps adhesions. For the first 6 weeks,
partial weight-bearing (up to 15lbs (6.75kg) of body weight) with a
walker is allowed only if stable fixation is present. At the 6-week point,
weight-bearing can be gradually increased if there is radiographic evi
dence of progressive fracture healing. Full weight-bearing with exter
nal support is often possible at 12 weeks. In instances in which stable
fixation has not been achieved, supplemental support with a cast
brace may be necessary.

The same principles that govern motor control, coordination,
strengthening and adaptation in fractures of the proximal femur apply
to fractures of the distal femur. In addition, attention to distal lower

extremity pain, weakness and decreased range of motion will be
required.

Fractures of the tibial plateau
The split depression is the most common fracture of the lateral tibial
plateau in patients with osteoporosis (Cornell 2(03) (Fig. 27.1). Such
injuries result from a strong valgus force that is coupled with axial
loading. Often, there may be an accompanying injury to the medial
collateral ligament. The hallmarks of treatment for this particular
type of intra-articular fracture are early range of motion and delayed
weight-bearing.

In nondisplaced fractures or those with less than 5 mm of depres
sion, nonoperative treatment is recommended (Cornell 2(03). Initially,
a hinged knee brace, locked in full extension, is applied. The brace is
adjusted 2 weeks after injury to allow gentle range of motion exercises.
Weight-bearing is delayed for 6-12 weeks, depending upon the
amount of comminution and the rate of radiographic healing.

In fractures in which there is more than 5 mm of depression of the
articular surface, an open reduction with internal fixation is indi
cated if the patient is medically stable. Often, supplemental bone
grafting may be necessary in the face of a significant metaphyseal
defect. When stable internal fixation has been achieved, the use of a
continuous passive-motion exercise machine is indicated. As with
nondisplaced fractures, weight-bearing is delayed by 6-12 weeks.



Complications of tibial plateau fractures include non-union,
delayed union, malunion, post-traumatic arthritis and loss of
motion. Rehabilitation should emphasize pain control, restoration of
strength and range of motion and a return to preinjury status.

Compression fractures of the spine
As with other fractures in the elderly, osteoporosis plays a major role
in compression fractures of the vertebral body. Compression fractures
are more commonly seen in women than in men. Often compression
fractures occur as a result of a fall on the buttocks; however, some
times the patient does not give a history of trauma. Initial treatment
generally consists of rest and mild analgesics. Once the pain begins to
subside, the patient is encouraged to start moving. Physical therapy
intervention should concentrate on increasing the patient's knowl
edge of safety, posture, transfers, performance of activities of daily
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CONCLUSION

The aging baby boomer population, together with the increased life
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care will become more important with the passing of time. Such care
will enable patients to attain the highest possible level of function
and satisfaction.
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INTRODUCTION

A key component of geriatric rehabilitation includes the manage
ment of older patients who have sustained neurological trauma to
the brain or spinal cord. Therapists must consider the impact of these
injuries along with adjacent neural changes that occur during the
aging process. Management of older patients with both spinal cord
and traumatic brain injuries requires the integration of muscu
loskeletal, neuromuscular and cognitive interventions to enable
them to effectively progress towards established goals.

A thorough history must first be obtained from the patient or fam
ily to ascertain the previous level of function. A systems review will
further corroborate any changes in physical status, affect and cogni
tion that have occurred following the sustained injury. Selected tests
and measures typically combine traditional examination activities
along with instruments specifically geared towards patients with
traumatic brain injury (TBI) or spinal cord injury (SCI). A summative
evaluation will then be formulated, along with an appropriate reha
bilitation diagnosis and prognosis. With both TBI and SCI patient
populations, the rehabilitation diagnosis is influenced by a multi
tude of mitigating factors such as age-related changes in organ sys
tems, as well as injury complications such as heterotopic ossificans
and autonomic nervous system dysfunction.

The World Health Organization enablement model (ICIDH-2)
illustrates how both TBI and SCI affect an older patient's ability to
perform functional tasks and participate in community-related
activities and employment (Fig. 28.1)(Australian Institute of Health
and Welfare 2(02). Strategic functional mobility interventions are
implemented to address all established goals within the body struc
ture / function, activity and participation domains. Outcomes may be
measured through a variety of instruments including the Functional
Independence Measure, or FIM, which has shown appropriate psy
chometric support for patients with both spinal cord and traumatic
brain injury (Corrigan et all997).

Contextual factors

Figure 28.1 International Classification of Functioning, Disability,
and Health: spinal cord injuryand traumatic brain injury. ROM,
range of motion.

TRAUMATIC BRAIN INJURY

Over one million people sustain a TBI each year in the USA and
approximately 8O~90()()() individuals will have a lifelong disabil
ity secondary to their injury (Thurman et al 1999).The leading cause
of TBIfor those aged 65 or older is a fall-related episode (Brain Injury
Association of America 2(05). TBI accounts for one-third of all
injury-related deaths in the USA; individuals between the ages of 15
and 24 or those over 75 years of age demonstrate the greatest risk for
a TBI(Thurman et all999, Brain Injury Association of Amercia 2005).
TBI is the principal cause of seizure disorders worldwide, and the
World Health Organization adapted criteria for head injury surveil
lance in 1993.
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Figure 28.2 Coup and contre-coup injuries following traumatic brain injury.
Reprinted with permission from Klima D 2006, Clients with traumatic brain injury.
In: Umphred D, Carlson C[eds) Neurohabilitation for the Physical Therapist Assistant.
Slack, Thorofare, NJ. Illustration byTim Phelps. CMI.

Head injury sequelae can be devastating for a geriatric client and
affectnearly every component of the quality of life including self-care,
employment and leisure activities. Poor recovery outcomes may war
rant institutional placement if caregiving demands exceed available
resources in the home envirorunent. Fall prevention strategies for older
clientsare essential in preventing head injury.Geriatric individuals gen
erally sustain falls secondary to either intrinsic or extrinsic causes. For
example, intrinsiccauses include sensorychanges or vestibular pathol
ogy that impede effectivebalance modulation. Envirorunental barriers
and obstaclesresulting in trips and slips are included in the extrinsiccat
egory. Appropriate balance measures such as the Berg Balance Scale
(Berg1992) or performanee-oriented mobility assessment (Tinetti 1986)
can assist in identifying those clients most at risk for falling.

Head injuries may be characterized as either open or closed; open
head injuries involve open penetration to the skull. The initial site of
impact following a traumatic insult to the brain is known as the coup
injury.A rebound effectoften occurs in the cranium following the initial
impact and causes a contre-coup injury (Fig. 28.2). Patients may also
sustain additional complications because of skull fractures or
hematomas. Skull fractures vary from relatively nonthreatening simple
linear fractures to those with extensive comminuting fragments that
require cranioplasty procedures (Fig. 28.3). Additionally, patients can
incur complications such as internal organ damage or both spinal and
extremity fractures. Patients may undergo extensive intensive care
monitoring because of uncontrolled intracranial pressure or resultant
seizure activity.

Initial trauma assessments are performed using the Glasgow Coma
Scale. Composed of three divisions, this instrument assesses three
areas of function in individuals following head injury: motor per
formance, eye opening and verbal response (Table28.1) (Teasdale &
Jennett 1974). Scores from 13 to 15designate mild injury; from 9 to 12,
moderate injury; and from 3 to 8, severe TBI.The rehabilitation team
members should be aware of the initial Glasgow score and subse
quent complications at the time of injury so that any examination or
intervention activities can be adjusted. Patients who demonstrate a
better medical prognosis include those with less loss of consciousness

and post-traumatic amnesia immediately following their injury
(Evans 1998).

Interventions for the geriatric client with a TBI include integrated
strategies for both cognitive and neuromuscular impairments.
Following recovery from a head injury, patients may be classified
according to behavior associated with the Rancho LosAmigos Levels
of Cognitive Function. Consisting of eight stages, this classification
scheme illustrates progressive improvement from minimally respon
sive behavior to near full cognitive recovery (Table28.2) (Hagen et al
1979).

Levels I-III: coma emergence
The initial stages depict coma emergent behavior. Patients may
progress from initially exhibiting no response to demonstrating a
variety of localized responses such as a hand squeeze or facial gri
mace. The rehabilitation team members may elect to track progress
through a standardized coma emergence rating form such as the JFK
Coma Recovery Scale-Revised or the Western Neuro Sensory
Stimulation Profile (Duff 2(01). Patients reaching maximum scores
on these instruments may then have more advanced goals and
intervention plans established. Patients emerging from minimally
responsive states are progressively mobilized through tilt-table or
standing-frame activities. Patients are started on a sitting schedule
to gradually increase sitting time. A variety of sensory stimulation
activities are utilized throughout functional tasks. Geriatric clients
must be monitored carefully for vital sign fluctuations given pre
morbid medical conditions and adverse effects of bedrest acquired
from extended intensive care unit (ICU) monitoring.

Level IV: the agitated client
Level IV depicts the agitated patient who cannot process the multi
tude of sensory experiences within the immediate environment.
Individuals in this stage tend to exhibit disconcerted, agitated
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Figure 28.3 Hematoma and skull fracture complications following traumatic brain injury.Reprinted with permission from Klima 0,2006,
Clients with traumatic brain injury. In: Umphred 0, Caison C(eds) Neurohabilitation for the Physical Therapist Assistant. Slack, Thorofare, NJ.
IllustrationbyTim Phelps, CMI.

Table 28.2 Rancho Los Amigos levelsof cognitive function

Levels V-VIII: progressive cognitive recovery
In levels V-Vlll, cognitive recovery progresses from behavior that is
confused and inappropriate to eventual appropriate and pwposeful
behavior. Unfortunately, older clients who sustain more severe injuries
and complications may not achieve full recovery.In addition, both cog
nitive and neuromuscular recovery may not occur in tandem. The ulti
mate challenge in geriatric head trauma rehabilitation focuses on
integrating both cognitive and functional training strategies to effec
tivelyguide thepatient towards maximal functional independence. The
added cognitive dimension of therapeutic interventions adds a levelof
complexity that necessitates specialized skills to facilitatepsychomotor
skill attainment and community re-entry.

Cognitive impairment following a traumatic brain injury may be
substantial. Patients demonstrate slower processing and require
increased time to optimize task performance. A diminished attention
span may also be apparent and patients require ongoing redirection to
the designated task. Learning of functional skills occurs at a dimin
ished rate and suitable time allotment and cue sequences must be con
structed within a treatment session to optimize skill acquisition.

Table 28.1 Glasgow Coma Scale

Response Score

Eyes
Open Spontaneously 4

To verbal command 3
To pain 2
No response 1

Best motor response
To verbal stimulus Obeys command 6
To painful stimulus Localizes pain 5

Flexion-withdrawal 4
Flexion-abnormal (decorticate 3
rigidity)

Extension (decerebrate rigidity) 2
No response 1

Best verbal response Oriented and converses 5
Disoriented and converses 4
Inappropriate words 3
Incomprehensible sounds 2
No response 1

Total 3-15

behavior, which often escalates to bursts of hostility. Therapists must
adjust treatment activities by scheduling shorter treatment sessions
or holding sessions in quiet areas to avoid sensory overload.
Therapists should also model calm behavior and allow agitated
patients to feel that they have control over the immediate situation.
Treatment sessions are structured accordingly to avoid or minimize
painful or fearful activities. The Agitated Behavior Scale is an instru
ment that documents levels of agitation among patients with TBI
(Corrigan & Bogner 1994).

II

III

IV

V

VI

VII

VIII

Noresponse

Generalized response

Localized response

Confused-agitated

Confused-inappropriate

Confused-appropriate

Automatic-appropriate

Purposeful-appropriate
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Memory deficits continue to be problematic up to Rancho level VI. In
addition, rehabilitation clinicians must be reminded that the issue of
impaired judgment is still prominent in the final stages of theRancho
continuum. Patients at higher functional levels of mobility may still be
unable to problem-solve in the event of an emergency situation.

Cognitive and functional interventions are merged in a variety of
ways. For example, dual task activities are created to assess the
patient's problem-solving ability during functional tasks. Patients can
be challenged to react in the event of an emergency situation. In addi
tion, elements of memory can be incorporated by observing and rein
forcing safety strategies taught during previous sessions. At discharge,
appropriate family training and instructions should be given to those
family members who are caregivers for the older adult patient recover
ing from a TBI.

SPINAL CORD INJURY

SCI affects over 11000 people in the US each year. According to the
National Spinal Cord Injury Statistical Center (Institute on Disability
and National Rehabilitation Research 2001),it is estimated that 180000
individuals are currently living in the US with impairments and func
tionallimitations sustained from their injury (American Spinal Injury
Association 2(00). Thisincludes those individuals who are 65 years or
older. Major causes of SCIworldwide include motor vehicle accidents,
acts of violence and recreational activities. Injuries to the cervical spine
often result in tetraplegia (also known as quadriplegia), with resultant
impairments to all four extremities, the trunk and the pelvic organs.
The term paraplegia indicates resultant lower extremity paralysis
from a designated lesion occurring below the cervical spine and is
associated with varying levels of trunk involvement in accordance
with the lesion level. Functional outcomes parallel specific levels of
function and benchmark muscles spared following an injury (Table
28.3).Geriatric clients may have similar causes of spinal cord pathol
ogy because of neoplasms or spinal stenosis conditions.

A comprehensive examination should be performed to address
all resultant impairments (body structure/function), activity limita
tions and disabilities (participation) in the geriatric patient with SCI.

Table 28.3 Key muscles used to determine neurological
classification of spinal cord injury (American Spinal Injury
Association)

Examination strategies are often aligned with major components of
the American Spinal Injury Association (ASIA) assessment instru
ment, including key muscles indicative of important myotome lev
els. Residual muscle function and sensory integrity is linked to the
ASIA Impairment Scale (Table 28.4) to discern complete or incom
plete involvement (American Spinal Injury Association 2000). A
thorough musculoskeletal assessment is performed to determine the
presence or absence of available intact musculature and the extent to
which key muscle groups will be able to assist in functional activi
ties. Detailed range of motion (ROM) is examined to recognize perti
nent joint integrity restrictions. Sensory testing should be completed
to identify those dermatomal fields that are intact, impaired or
absent. Finally, a full mobility examination identifies the patient's
ability to perform important functional activities such as transfers,
pressure relief, wheelchair propulsion and bed mobility tasks. Aerobic
capacity is assessed through vital sign responses, pulse oximetry and
tolerance to all activities performed; in addition, examination of the
patient's respiratory function should include an assessment of the
patient's breathing pattern, ventilatory muscle strength and overall
cough quality.

Functional training

Of paramount importance to older individuals suffering from a SCI
is the transition to wheelchair mobility. Following medical stabiliza
tion, patients in rehabilitation learn wheelchair propulsion tech
niques according to the level of damage to their spinal cord and
residual muscle function. For example, patients with lesions below
the C6 level learn to manually propel a wheelchair; however, higher
lesions may necessitate the need for electric wheelchair operation.
Endurance and strength impairments may prohibit the geriatric
client from successfully navigating the home and community envi
ronments and goals may need to be adjusted.

Older adults with an SCI present a major challenge to rehabilitation
clinicians. Often, patients are slower to achieve their target functional
outcomes because of preexisting comorbidities. For example,
patients with injuries at or below the C7 level should achieve inde
pendence in all bed mobility activities; however, the older client with
insufficient upper extremity strength may be slower to achieve
established outcomes. The use of bed rails and other adaptive equip
ment will assist patients in effectively transitioning from the supine
position to sitting. Certain geriatric patients with respiratory pathol
ogy will be unable to assume or tolerate the prone position, thus

Level Muscle groups associated with spinal level

Sensory levels arc utilized to determine C1-4, T2-L1and52-5 neurological levels.

Motor function is preserved below the neurological
level. Morethan half of the key muscles below
the neurological level are less than 3/5 muscle
strength

Motor andsensory function is normal

Motor function is preserved below the neurological
level. At least half of the key muscles below the
neurological level are3/5 or above muscle
strength

Nomotoror sensory function is preserved in 54-55

Sensory function is preserved below the
neurological level and includes 54-55

ENormal

A Complete

B Incomplete

D Incomplete

CIncomplete

Table 28.4 ASIA Impairment Scale

finger flexors (flexor digitorum profundusl

Wristextensors (extensor carpi radialis longus and brevis)

long toe extensors (extensor hallucis longus)

Ankle plantar flexors (gastrocnemius/soleus)

Ankle dorsiflexors (tibialisanterior)

Knee extensors (quadriceps)

Elbow extensors (triceps)

Small fingerabductors (abductor digiti minimi)

Hipflexors (iliopsoas)

Elbow flexors (biceps brachii)

l4

l5

l3

51

C5

C6

C7

C8

T1 ____._--'- --:c _

12



Table 28.5 Shoulder muscle activation pattern in SCI during
wheelchair propulsion

requiring adaptations to therapeutic exercise programs and bed
mobility maneuvers.

Two major priorities for the geriatric client with an SCI include
pressure relief and continued strengthening exercise programs.
Older adults are more susceptible to pressure ulcers following an
SCI and ongoing pressure relief mechanisms should be emphasized
(Chen et al 2(05). For individuals with injuries above the C7 level,
pressure relief will involve hooking the upper extremity onto the
handgrip and incorporating a side-to-side lean. More dependent
patients must utilize other modified positional leaning strategies or
tilt maneuvers within the power chair. Patients with injuries at or
below the C7 level will incorporate a full or modified push-up.
Pressure relief strategies should be performed several times hourly
to avoid pressure ulcer development.

Therapeutic exercise interventions for older adults with an SCI
include both stretching and strengthening activities. Key muscle
groups, such as the finger flexors in tetraplegia and trunk extensors
in paraplegia, should remain tight. Hamstring flexibility, however,
should be optimized to facilitate transfers and dressing activities.
Shoulder girdle strength is maximized in rehabilitation to accomplish
the task of ongoing wheelchair propulsion, given that the upper
extremities may be striking the handrim as many as 3500 times per
day (Boninger et al2000). Recent evidence has identified that major
shoulder muscles are involved with both the push and recovery
phases of wheelchair propulsion among individuals with paraplegia
and tetraplegia (Table28.5) (Mulroy et al2004). Unfortunately, repet
itive trauma to the shoulder joint or pain syndromes can signifi
cantly hinder wheelchair propulsion in geriatric clients with
longstanding injuries. Upper extremity therapeutic exercise pro
grams have been effective in reducing the incidence of shoulder pain
among individuals with SCI (Nash 2(05).

In geriatric patients, the issue of ambulation following SCI is multi
faceted. Patients must have the requisite strength, endurance and
control to don and doff braces, arise to standing and ambulate with
the appropriate gait devices. Older patients may lack sufficient
requirements in anyone of these areas. Patients with injuries
between levels L3 and 5 will as a minimum require an ankle-foot
orthosis and upper extremity assistive device for ambulation. Higher
lesions require more extensive bracing. In a study of 41 patients with
SCI who were 50 or older, patients who achieved ambulation were
those with lower classifications (ASIAC and D)on follow-up after their
injury (Alander et all997). Current studies with treadmill unweighting
techniques continue to show promise in facilitating stepping and
ambulation among individuals with incomplete spinal cord injury
(Field-Fote et al2(05).

Push phase (following initial
contact)

Anterior deltoid

Pectoralis major

Supraspinatus

Subscapularis (tetraplegia)

Infraspinatus

Serratus anterior

Biceps brachii

Recovery phase (return to
handrim)

Middle deltoid

Posterior deltoid

Supraspinatus

Subscapularis (paraplegia)

Middle trapezuls

Triceps brachii
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COMMON MANAGEMENT ISSUES FOR
CLIENTS WITH T81 AND SCI

Upper motor neuron damage may result in extensive resultant spas
ticity among geriatric clients, and tone management becomes an
essential priority. The modified Ashworth scale (Bohannon & Smith
1987) is utilized to grade hypertonic muscle groups and should be
especially employed when implementing specific interventions to
problematic muscle groups. Serial casting and splinting techniques
are used to manage more severe spasticity, although therapists must
use caution with older clients who have diabetes or compromised
skin integrity. Medical management of hypertonicity may include
the use of such centrally acting antispasmodics as baclofen or
diazepam (Valium), or medications that act directly on muscle tissue
itself such as dantrolene sodium (Dantrium).

Rehabilitation team members should be attentive to heterotopic
ossificans, also known as myositis ossificans, following a TBI or SCI.
Caused by ectopic bone formation, this condition can potentially
result in significant joint ROM restrictions and pain. Therapists must
acknowledge all abnormal joint end-feels when performing thera
peutic exercise activities. Commonly affected joints include the hips,
knees, shoulders and elbows. Diphosphates are used pharmacologi
cally to inhibit the abnormal calcium metabolic process. Milder
forms of heterotopic ossificans will not impose major functionallimi
tations, although joints progressing to ankylosis will impede effective
mobility activities such as transfers.

Management of both medical and autonomic complications of
central nervous system trauma is a priority for all rehabilitation pro
fessionals. These conditions may become medical emergencies. For
example, patients with spinal cord lesions above the T6 level may
experience episodes of autonomic dysreflexia. Patients often experi
ence such symptoms as a pounding headache, chills and profuse
sweating in response to a noxious stimulus. Events triggering an
episode of autonomic dysreflexia include restrictive clothing, a
kinked catheter line and fecal impaction. Therapists should attempt
to both recognize and eliminate the noxious stimulus if possible.
Furthermore, the patient should be brought to a sitting position to
alleviate dangerously elevated blood pressure.

Patients with both TBIand SCI should be monitored for episodes of
orthostatic hypotension. Lower extremity paralysis and periods of pro
longed bedrest are common predisposing factors. Geriatric patients are
particularly at risk. Patients will require gradual postural changes
when adjusting to the vertical position through use of a reclining
wheelchair seating system and tilt-table activities. Ongoing skin
inspections should occur for early detection of adverse swelling or
deep vein thrombosis.

Neurological trauma sustained during injuries frequently includes
trauma to the peripheral nervous system. Peripheral nerve damage
can especially occur following a fall episode. For example, axillary
nerve injury is a complication of humeral fractures, and sacral plexus
damage and pelvic fractures often accompany high velocity injuries
such as motor vehicle accidents. Additionally, brachial plexopathies
can also arise from traumatic origins. Therapists must be vigilant dur
ing patient examinations to identify additional peripheral nerve
damage not detected initially following medical management of the
injuries sustained.

CONCLUSION

Comprehensive management of the geriatric client with neurologi
cal trauma requires strategic implementation of interventions
designed to improve functional mobility limitations while, at the
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same time, integrating the older patient's premorbid condition and
limitations imposed by age-related changes in organ systems.
Appropriate outcome measures are utilized to both track and prog
nosticate the patient's status in the continuum of recovery. Common
complications in SCI and TBI, such as heterotrophic ossificans and
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OVERVIEW

Acerebrovascular accident (CVA), commonly referred to as a stroke, is
the interruption of blood flow to brain tissue. The brain tissue that has
been deprived of oxygen is damaged or dies. Strokes can be ischemic
or hemorrhagic. Ischemicstroke is the most common type, accounting
for 88%of CVAs. Ischemicstrokes can be thrombotic, embolic or lacu
nar. Thrombotic CVA is caused by a thrombus that develops in an
artery supplying part of the brain. Embolic CVAis caused by blood
clots that form outside the brain and travel through the bloodstream
to the brain. Lacunar infarcts result from disruption of blood flow at
the ends of small penetrating vessels found in the basal ganglia, inter
nal capsule and pons (Boissonnault & Goodman 1998). Hemorrhagic
CVA usually results from trauma, vascular abnormality or hyperten
sion (jasmin 2004). Hemorrhagic CVAcan be either intracerebral or
subarachnoid. Intracerebral hemorrhage is the result of bleeding into
brain tissue. Subarachnoid hemorrhage is the result of bleeding into
the space between the arachnoid and pia mater.

The annual incidence of strokes worldwide is approximately 15
million (Mackay & Mensah 2004). In the USA, 700000 people each
year sustain strokes. In 2005,the estimated direct and indirect cost of
stroke in the USA was US$56.8 billion. The disability-adjusted life
years (number of years of healthy lifelost)caused by stroke is expected
to rise globally from approximately 38million in 1990to 61 million in
2020(Mackay & Mensah 2004). Stroke is the leading cause of disabil
ity in the UK (Mackay & Mensah 2004)(Fig. 29.1).

RISK FACTORS

Some risk factors for stroke are nonmodifiable. These include age,
gender, race, familyhistory and history of prior stroke or heart attack.

The CVA risk doubles for every decade after the age of 55. CVA is
more common in men than women, and African-Americans and
Hispanics are at a greater risk for CVA than Caucasians. CVA risk
increases if an immediate family member has had a CVA (Boisson
nault & Goodman 1998).

Hypertension is the most important of the modifiable risk factors
for CVAbecause, in most countries, about 30%of adults have hyper
tension (Mackay & Mensah 20(4). Patients with atrial fibrillation
have a five times greater risk of stroke but treatment with anticoagu
lants can reduce that risk by two-thirds. Physical inactivity increases
stroke risk and even light physical activity can decrease that risk.
Other modifiable risk factors include diabetes mellitus, hypercholes
terolemia, cigarette smoking, drinking more than five alcoholic
drinks per day and the combination of smoking and oral contracep
tive use (Kwiatkowski et al1999).

SIGNS AND SYMPTOMS

Signs and symptoms of a possible CVA include headache, vision
changes (field cuts, blurriness), confusion, unilateral weakness or
altered sensation of the face, arm and/or leg, dizziness and alter
ations in speech (Sullivan et al 20(4). The development of most of
these signs or symptoms should prompt the individual to seek med
ical attention. Stroke is sometimes called 'brain attack' to indicate
that developing a stroke is an emergency. If the stroke is ischemic,
blood supply may be restored through a thrombolytic agent such as
tissue plasminogen activator; however, this treatment has been
demonstrated to improve outcomes only if administered within
the first 3hours of the event (Hacke et al 1995, Clark et al 1999,
Kwiatkowski et al 1999).

DIAGNOSIS

In developed countries, definitive diagnosis of stroke is most often
made based on results of a computerized tomography (CT) or mag
netic resonance imaging (MRI) scan. CT is used more commonly
than MRI because it is generally more available and less expensive
than MRI (Calautti & [ean-Claude 2(03). Both CT and MRI can pro
vide information about areas of infarction or hemorrhage. Some
recent developments in MRI, such as weighted imaging (Keir &
Wardlaw 2000, Bisdas et al 2004, Etgen et al 2004, Hermier &
Nighoghossian 2004, Kidwell et al 2004) and fluid-attenuated inver
sion recovery (Bozzoa et al 2003, Xavier et al 2(03), may make it
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Figure 29.1 Disability-adjusted life years asa result of stroke in selected countries.

possible to diagnose infarction and hemorrhage earlier and with bet
ter specificity,helping to guide medical intervention. In addition to
CT and MRI, echocardiography and ultrasound may be used to
identify the location of the blood clot responsible for an ischemicevent
(Xavieret aI2(XJ3, Abdulla 2006).

PROGNOSIS

On CT, two signs have been correlated with prognosis: the hyper
dense middle cerebral artery (HMCA) and the middle cerebral
artery (MCA) 'dot' sign. The HMCA sign is positive when the MCA
on one side appears denser than its counterpart and any other vas
cular structure (Barber et al 2001,2004). It is associated with signifi
cant ischemia and infarction of the MCA, and with poorer outcomes.
However, studies have shown that a positive HMCA sign alone is not
a good prognostic indicator of poor function (Manelfe et aI1999). The
MCA 'dot' sign is associated with occlusion of the distal branches of
the MCA. On CT, it is seen as 'hyperdensity of an arterial structure
(seen as a dot) in the sylvian fissure relative to the contralateral side
or to other vessels within the sylvian fissure' (Barber et al 2001,
2004). Interestingly, the MCA 'dot' sign, in addition to the HMCA
sign, is associated with a good prognosis.

Other imaging modalities that may be used to determine progno
sis include positron emission tomography (PET), functional MRI
(fMRI) and MRI spectroscopy (MRS). PETor fMRI can be utilized to
evaluate the cortical activation pattern used to perform a functional
movement. The pattern used by a patient after a stroke is well
correlated with the level of recovery and outcomes (Carey et aI2002,
Ward et aI2003, Baron et a12004,Ward & Cohen 2(04). Patients who
demonstrate activation maps similar to control subjects (i.e, they
activate the left cortex for right-sided movements) have fewer resid
ual impairments. Patients who demonstrate activation of the pri
mary motor cortex ipsilateral to the lesion, plus bilateral activation
of supplementary areas, generally have greater impairments and a

poorer outcome (Ward & Cohen 2004).Because of the limited avail
ability and costs associated with performing PET, fMRI and MRS,
they are not currently in wide use.

In a study conducted in the Netherlands, Kwakkel et al (2000)
found that, at 5 weeks post-stroke, physical and occupational thera
pists are able to accurately predict a patient's walking ability and
manual dexterity at 6 months post-stroke. The severity of the stroke
can play a role in prognosis. Patients who sustain a severe MCA
stroke tend to have a poor prognosis for functional use of the
affected upper extremity. The chance of recovery decreases if it takes
longer for the patient to make functional gains or to regain active
hand motion (Kwakkel et al2000).

INTERVENTION

Several impairments and functional limitations may occur after a
stroke. Hemiparesis involving the upper or lower extremity, or
both, is one of the most common impairments that may need to be
addressed by physical therapists. Patients may also experience sen
sory loss or altered sensation in the area of the body affected by
the stroke. Other common impairments include decreased bal
ance; sensory, visual and perceptual deficits; decreased coordina
tion; increased tone and spasticity; and decreased motor control.
Functional limitations often include decreased functional mobility in
bed mobility, transfers, gait and activities of daily living (ADLs),
especially those that are usually bimanual, for example dressing and
bathing.

The paresis following a stroke appears to be related to several
structural and physiological changes that occur after a stroke,
including a decrease in the number of muscle fibers, a change in the
types of muscle fibers and muscle recruitment patterns, and a
decrease in peripheral nerve conduction velocity. The functional
result is a decrease in the ability to produce adequate muscle force
(Bourbonnais & Vanden Noven 1989,Patten et aI2004).



Improving physical function plays an important role in the quality
of life after a stroke. A study by Duncan et al (2003) found that
decreased physical abilities have the greatest effect on quality of life
after stroke; loss of hand function is reported to be the most disabling.

One of the most commonly used treatment interventions for post
stroke rehabilitation is the Bobath approach, or neurodevelopmental
treatment. This approach focuses on encouraging, or facilitating, nor
mal movement and inhibiting abnormal movement patterns. The
strengths of the Bobath approach are that many of the treatment
techniques are designed to encourage increased functional mobility,
and treatments are often performed in functional positions. Many
experienced therapists who use the Bobath method apply motor
learning principles and perform techniques during functional activ
ities (Lennon & Ashburn 2(00). The Bobath approach has been criti
cized for focusing too extensively on the reacquisition of normal
movement instead of encouraging patients to use their existing
strength and movement patterns to accomplish activities. Despite its
wide use, there is currently no evidence that the Bobath approach is
more effective than other methods used in stroke rehabilitation;
however, there is also no evidence that it is an ineffective approach
(Paci 2003). Because of the training involved and the variety of tech
niques that may be employed in the Bobath method, researchers have
found it is difficult to perform controlled studies of this method.

Other common methods used in stroke intervention include
Proprioceptive Neuromuscular Facilitation and intervention
approaches developed by Brunnstrom, Rood, Johnstone and Ayres.
Like the Bobath method, the effectiveness or ineffectiveness of these
strategies has not been supported by controlled research studies (Van
Peppen et aI2004).

Modalities that are frequently used in stroke rehabilitation include
functional electrical stimulation (FES), neuromuscular electrical
stimulation (NMES) and biofeedback. FES refers to the use of electri
cal stimulation specifically to improve a functional motion, such as
walking ability. For the purposes of this chapter, NMES refers to elec
trical stimulation used to increase strength or range of motion
(ROM), or specifically to cause change within the muscle. Studies
indicate that there is limited evidence to support the use of FES to
increase lower extremity strength and NMES to increase upper
extremity strength. There is also insufficient evidence to support the
use of biofeedback to improve upper extremity function, and no evi
dence to support biofeedback as an intervention to increase ankle
ROM or increase gait speed. There is, however, strong evidence to
support the use of NMES to both decrease inferior subluxation of the
glenohumeral joint and to increase shoulder external rotation pas
sive ROM (Van Peppen et al 2004).

A recent review of research found that the most effective methods
of physical rehabilitation for patients with stroke were task-oriented,
and that it is important to practice specific tasks that the patient must
accomplish in daily life (Van Peppen et al 2004). The task-oriented
approach is based on the concept that learning is goal oriented
(Gordon 2(00). Although the task-oriented approach does not pre
clude hands-on activity, it does imply that the patient should partic
ipate in some exploration of the task, including trial-and-error. One
specific method based on the task-oriented approach is the Motor
Relearning Programme. A recent Norwegian study demonstrated
that this method can be effective in improving motor function and
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performance in ADLs in patients with acute stroke (Langhammer &
Stanghalle 2(00).

Because the paresis that results from stroke is related to functional
limitations, strength training is an intervention that may be appropriate
in post-stroke rehabilitation (Canning et al 2004, Morris et al 2004,
Patten et al2004). Although current evidence is limited, several studies
have demonstrated functional improvements in patients who partici
pated in both strength training and task-oriented functional training
(Morris et a12004, Patten et aI2004). There does not seem to be a link
between strength training and increased spasticity (patten et aI2(04).

Some of the newer interventions that have been developed for
rehabilitation of patients with stroke target specific impairments or
functional limitations. One of these is constraint-induced therapy
(CIn, which is also known as constraint-induced movement therapy
and forced use. This intervention targetsthe hemiparetic upper extrem
ity. A constraining device such as a sling or mitt is applied to the
stronger upper extremity to promote increased use of the affected
arm (Mark & Taub 2002).The current protocol requires 'massed prac
tice with the more affected arm on functional activities, shaping tasks
in the training exercises, and restraint of the less-affected arm for a
target of 90% of waking hours' (Mark & Taub 2002).The protocol has
been most successful with patients who have some ability to extend
the affected wrist and fingers. It has been less successful in patients
with little active movement, although improvement is still possible
(Mark & Taub 2002).

An intervention that specifically targets walking ability is body
weight-supported treadmill training (BWS-Tf). In this intervention,
some of the patient's weight is suspended using a sling attached to an
overhead harness. The patient is then assisted in performing gait
training on a treadmill. Results from several randomized controlled
trials indicate that BWS-IT can help to increase endurance for walk
ing (Hesse 2004, Van Peppen et al 2004). Current evidence does not
support using this method to improve walking ability or postural
control (Van Peppen et aI2(04).1n contrast, gait training on a tread
mill without body-weight support has been shown to improve walk
ing ability (Van Peppen et aI2004).

Other interventions that are currently being studied to help reduce
impairments and functional limitations after a stroke include the use
of robotic training (Lum et al 2002, Stein et al 2004, Riener et al 2005)
and virtual reality (Merians et al 2002, Weiss et al 2003, Deutsch et al
2004). As research in these areas continues, they may prove to be
valuable adjuncts to current physical therapy practice.

CONCLUSION

Stroke is a global problem that can result in a multitude of impair
ments and functional limitations. Improvements in healthcare and
public awareness of the importance of reducing risk factors may help
to decrease the incidence and severity of this condition in the future.
There are currently many types of physical therapy interventions
used to improve the functional abilities of patients after a stroke.
More randomized controlled clinical research is needed in this area to
help therapists make informed decisions about which interventions
are most appropriate for a particular patient.
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The rehabilitation goal for every patient with temporary or perma
nent cognitive impairment is to promote maximal involvement in
self-care and satisfying life activities. Each individual defines the
things that constitute meaningful life activities in a unique and per
sonal way. The physical therapists who work with a patient with
temporary or permanent cognitive impairment face the challenge of
helping the patient, their significant others (family and friends) and
caregivers to support their individuality and self-determination and
to enhance their sense of safety. The caregivers must be recognized
as key members of the team of providers and their needs must also
be addressed (see Chapter 79). Overburdened caregivers may abuse
the demented person. Educational interventions and comprehensive
support, including respite care, have been shown to improve quality
of care, delay institutionalization and reduce nursing home costs
(Chow & Maclean 2(01).

Care of the individual with dementia and cognitive impairment
should be interdisciplinary, with physical and occupational thera
pists being key team members (Crooks & Geldmacher 2004). The
physical therapy intervention can include, but is not limited to, con
sultation and training for caregivers and hands-on treatment for spe
cific patient problems. Examples of this include adjusting wheelchairs
or other chairs to maximize safe mobility and postural balance in sit
ting; problem-solving the height of the bed to maximize independ
ence and safe transfers; functional evaluation and training in the
performance of the activities of daily living (ADLs), for example bed
mobility; neurological rehabilitation, focusing on facilitating proce
dural learning and the use of kinesthetic cuing to enhance participa
tion in ADLs [using the smallest perceivable cues to increase the
capacity for allowing active assistive range of motion (AAROM) of
trunk diagonal motions in supine and to facilitate the capacity to
stand and walk]; modification of communication (such as showing
caregivers how sitting to one side and using light touch can enhance
self-feeding); and environmental adaptation (such as setting up key
environmental cues that enhance safety, for example curbs painted in
bright colors for contrast). Also, rehabilitation specialists should be

involved in off-setting the common declines in strength, mobility,
conditioning and coordination as well as evaluating for injury risks
and falls (Crooks & Geldmacher 2004).

Other members of the team include the physician who is responsi
ble for the diagnosis and primary care, and for referral for other
medical care. The nurse often provides care in the home, which may
include monitoring the response to intervention and providing sup
port for the caregiver. The social worker assists the patient and fam
ily in gaining access to support services such as respite care, crisis
management, financial services and counseling. A nutritionist, lawyer
and member of the clergy may also be helpful in meeting the nutri
tional, legal and spiritual needs of the patient and family (Crooks &
Geldmacher 2004).

DEFINITION OF TERMS

The patient with cognitive limitations presents a unique set of needs
because hands-on care and touch, rather than speech, eventually
become the key tools for communication. The entire medical team is
involved in making the diagnosis of dementia or cognitive impair
ment. Accuracy of diagnosis is a key factor as some temporary cog
nitive impairments can be reversed. Common examples of conditions
in which impairment may be temporary include medication toxicity,
depression, nutritional deficiency, anesthesia and allergic reaction
(Iackson-Schulte et aI2oo6).

When working with dementia and cognitive impairment, a defini
tion of terms is helpful.

1. Delirium: a decline in the level of cognitive function combined
with drowsiness or agitation.

2. Dementia: a global decline in cognitive abilities in a person who
is awake and aware of surroundings, The decline from previous
status affects several kinds of cognitive tasks.

3. Alzheimer's disease: a degenerative disease of the brain of
unknown cause. The onset is common in the early 60s and diag
nosis is definitive with results from autopsy (Merck Manual of
Geriatrics 2000).

4. Abstract thinking: this is commonly lost in dementia and cogni
tive impairment and involves an altered ability to relate to any
thing other than tangible reality - in dementia and Alzheimer's,
this skill is predictably missing and is worse if the individual is
afraid or anxious.
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Alzheimer's disease
--- ---~-~----------

The most common symptoms of Alzheimer's disease include the fol
lowing (some of these symptoms may also apply to other forms of
dementia):

recent memory loss affecting skills used in performing job or
tasks;
difficulty performing familiar tasks;
problems with language;
disorientation in terms of time and place;
poor or decreased judgment;
problems with abstract thinking;
misplacing things;
changes in mood or behavior;
changes in personality;
loss of initiative (Alzheimer's Association 1997).

At this time, Alzheimer's disease is a diagnosis that is made after
ruling out the other major causes of cognitive impairment such as
depression, cerebral infarct, thyroid dysfunction, normal-pressure
hydrocephalus, tuberculosis, metal poisoning and Parkinson's dis
ease (Mace et aI1989).

Progressive phases of Alzheimer'sdisease

In demential Alzheimer's, the behavior of the patient often pro
gresses through three distinct phases, although each patient presents
with unique minor variations in the progression of the disease. The
common aspects of the three stages can be described as follows.

1. Between 2 and 4 years before diagnosis: common symptoms
include low energy; emotional lability; slow reactions; picking
up new information more slowly; showing less initiative and
greater reluctance to try new things; sticking to familiar and
predictable activities; taking longer to do routine chores; being
unable to think of words, especially names of things; losing one's
way to familiar places; having trouble with finances; and experi
encing heightened anxiety.

2. Between 2 and 10 years after diagnosis: common symptoms
include having trouble recognizing familiar people; finding it dif
ficult to make decisions; making up stories to fill empty memory
spaces; minimal content of speech or noticeably impoverished
meaning; having trouble comprehending what is read; writing
illegibly; becoming more self-absorbed; experiencing late after
noon restlessness (sundown syndrome); having difficulty with
perceptual motor coordination; showing lability; acting impul
sively; losing AUL skills; monitoring physical appearance inap
propriately; repeating physical movements; experiencing
delusions or hallucinations; overreacting to minor events; and
gradually needing increasing supervision as the severity of
symptoms increases.

3. Between 1 and 3 years before death (terminal phase): common
symptoms include becoming apathetic and remote; being unable
to recognize self or family; having poor short-term and long-term
memory; losing orientation in familiar environments; becoming
incontinent; losing the ability to communicate with words; gradu
ally becoming unable to walk or get around; and possibly experi
encing seizures or weight loss or the urge to put objects in the
mouth. In the third phase, the person can still understand emotion
and tone and can still participate in physical care. Patients
can respond to physical therapy based on procedural learning
(touch as a means of communication and teaching) (Ronch 1997,
Willingham et aI1997).

REHABILITATION: EMPOWERING THE PATIENT

Contributions can be made by physical therapy intervention at any
phase of the cognitive decline in order to enhance patient participa
tion in ADLs and communication and minimize caregiver burnout.
The key strategy is to build on the patient's intact skills, to explore
new possibilities for communication and to create a sense of safety
and enjoyment that includes modified ADL tasks for the patient. The
clearest means of communication is to relate in ways that allow the
person to feel emotionally safe and to build from an emotional tone
that is perceived by the patient as being nurturing and positive.

Empowering the patient during interactions with caregivers and
family means that individuality and a sense of safety and self
determination are the most important outcomes for each interaction.
For staff and family, this means that there is a need to become aware
of what works for the patient and what the patient can emotionally
sense if the intention of the caregiver is to support their confidence
and self-esteem.

The physical therapy interventions that are required for a person
with dementia or cognitive impairment necessitate that the therapist be
trained beyond the entry level. When a therapist or assistant is inter
ested in working with older individuals with cognitive impairment,
advanced training in kinesthetic contact, communication, procedural
learning, neurological rehabilitation and handling skills is neces
sary. Emphasis on mastering neurological rehabilitation techniques
to empower the patient through functional training and kinesthetic
cuing is critical. The physical therapist works closely with caregivers
to enhance the effectiveness of daily tasks that are important to the
patient. Patients should always be seen for treatment in their own envi
ronment, if possible, and any new therapists should be introduced by
someone who has a history of months of nurturing contact with the
patient (Willingham et all997, Van Wynn 2001, Holtzer et al2(04).

Training of caregivers and significant others
As a therapist, assistant, caregiver or healthcare team member
begins work with a person with cognitive impairment, it is critical
that training includes an inventory of personal communication
habits plus refinements so that communication with hands-on cuing
is clearly reinforced by communication through posture, facial
expression and breathing rate, for example. The primary approach to
communicating with a person with cognitive impairment is to start
with a single clear intention and then reinforce it with touch, gestures
and body language that are perceived by the patient as being helpful
(Drabben-Thiemann et aI2(02).

Hands-on contact and touch can be a key strategy for communica
tion that will enhance the life of a person with cognitive impairment.
It is helpful to get input from family and caregivers about historical
information and any special cultural or social significance of touch
that are unique to the individual. A first step in a consultation is to
help the family and caregivers to explore their awareness of their
own quality of touch, of the cultural history related to touch and of
their own body language. When words are not the main tool of com
munication, it becomes even more important to clarify the intention
of each communication before initiating that communication. A place
to start may be for the staff and family to develop a statement of phi
losophy concerning interaction with the patient (e.g. to agree that the
most important thing to get across to the patient is that everyone
supports that patient having the highest quality of life possible, as
defined by the patient). The detailed definition of a philosophy pro
vides the rationale for ongoing problem-solving and consultation,
for example what behavioral cues are needed to support the philoso
phy and still get the patient out of another patient's room.



Key questions
Another way of empowering the patient is to use the patient's own
perceptions as the guiding factors in all communication. As the con
sultant, the therapist guides staff members in identifying key ques
tions for each individual patient. These can include, but are not
limited to, the following:

1. What are the habits for nurturing or comforting at the present
time?

2. Under what conditions does the patient enjoy being with other
people?

3. What rituals appear to be important to the patient?
4. What are some of the patient's favorite activities?
5. How does this patient communicate enjoyment and displeasure?
6. What is the preferred rest/activity and eating/toileting cycle?
7. What activities, objects or people appear to anchor the patient

into cognitive reality in the present?
8. What activities are known to produce agitation or discomfort?

It is hoped that this type of information can be collected by care
givers and family and incorporated into the care plan.

ENHANCING SELF-CARE

It is critical that all caregivers (family and healthcare personnel at all
levels) have up-to-date information about the desires and abilities of
each patient that they are caring for on a particular shift. Other spe
cific issues for the elderly with dementia or cognitive impairment
that can enhance patient self-eare abilities include the following:

1. Establish a staffing pattern that allows the patient and the care
givers to gain familiarity and be comfortable with each other. A
person with cognitive impairment does poorly in a constantly
changing environment and develops better self-care habits in an
environment in which there is a small familiar team of care
givers. It is important for the supervision of patients and the
detection of new patient problems that the caregivers be famil
iar with the habits, likes and dislikes of each particular patient
(Murray & Huelskotnner 1983).

2. Modify the pace of activity to the pace and abilities of each
individual.

3. Provide options for one-to-one pleasant and nurturing contact
several times each day.

4. Change the position of the non-ambulatory patient every hour as
desired and allow rest for half an hour in bed, as needed; as a
patient's abilities decline, it is important to allow the patient to
rest in bed and to get up from bed as often as is desired.

5. Provide stable handrails in hallways and stable furniture in the
environment so that patient can use it for balance and support
during ambulation.

6. Encourage early introduction of rolling carts or walkers so that
patients can remain safely mobile as long as possible.

7. Encourage caregivers to walk and talk with patients and pro
vide nurturing contact such as offering the patient a hand or
arm to hold.

8. Eat with patients in a normal social manner - one staff member
joins two or threeclients at a table and eats along with them, fam
ily style. When a client is unable to participate in this way, the
staff member may eat with one client at a time; when the client
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no longer wishes to eat, the staff member could simply sit and
read, sing or talk to the patient in order to provide socially nur
turing contact.

9. Encourage the patient to make choices as part of caregiving as
long as the patient can be empowered by doing so. When this is
not nurturing for the patient, then a predictable structure of
events can help.

10. Help to perform ADLs so that the patient enjoys living. This
could mean changing the style of clothing to avoid pulling
clothing over the head, which may be irritating: a shirt with an
opening at the front and a Velcro closure would avoid this. A
shirt or jumpsuit that closes at the back can be helpful if the
patient undresses during the day.

11. Perform functional cognitive assessments of the patient as part of
daily caregiving. This means that caregivers must be trained as
appropriate to their educational background in order to monitor
gross changes in the cognitive and motor function of the patient.

Mini-Mental State Examination
The Mini-Mental State Examination can be a valuable resource and can
be introduced to the majority of family members and caregivers
(Mace et al 1989) (see Table 30.1). It is critical that those providing
day-to-day care in the home or institutional setting be able to verify
that cognitive abilities are present and unchanged from the previous
day. The rationale is that the staff member or caregiver is the person
who must modify the communication strategy if there are changes in
the patient's abilities. The rationale for the daily review of cognitive
status is that it forms the basis for clear and reasonable communica
tion with the patient at the highest and most accurate level.

Supporting quality of life
The interventions necessary to support a good quality of life for each
patient fall into the categories of treating excess disability, reducing
patient stress and creating a supportive environment. Physical ther
apy consultation can be used by the healthcare team to maximize
participation in ADLs in many areas of problem-solving. The
ergonomic aspect involves creating a fit between the patient and the
environment that encourages normalization of lifestyle. Common
problems that are addressed include the selection, fitting and train
ing to use canes, walkers, wheelchairs and beds. Bed height should
be at chair height - approximately 16-18 inches (40.64-45.72cm)
from seat surface to floor - if an assistive device such as a sliding
board is to be used to help with transfers. It is critical to understand
the importance of sliding boards in the third phase of cognitive
impairment in which the patient becomes less and less able to get in
and out of bed. With a caregiver trained in the use of a sliding board,
a patient can easily get up during the night to go to the toilet. The
idea is that the patient is slid onto the board so that the caregiver may
need to use only 401b (l8.2kg) of effort to help a 160-lb (72.7kg)
patient. Both the patient and caregiver benefit because the transfer
takes less effort and is more pleasant. If beds are too high they
appear to promote fear and falls in some patients, and two or more
nurse's aides are required to help a 160-lb patient out of bed and into
the bathroom (Alzheimer's Association 1997). Several resources are
available for teaching sliding-board transfers from bed, chair, toilet
and car (Buchwald 1979, Dick et aI2003).

The physical therapist can provide consultation for the caregiver
when ADLs are no longer easy to perform. There are many functional
profiles that can be usedbut it is important that a measure of how
long tasks take to perform be included along with the amount of help
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Maximum score

Table 30.1 A modified mini-mental state examination

Memory II/recall
Name the three objects from above 3

Attention and calculation'
Instructthe person to countbackwards from 100 5
by7s' or 3s(stop after fivesubtractions) or, spell
"space" backwards

Physical therapy: hands-on treatment and
teaching caregivers
For a therapist or assistant trained in neurorehabilitation handling
techniques, guided touch or hands-on facilitation can be a strategy to

methods) has a series of strategies available to them to help a person
move or perform a specific task such as sitting up, standing up and
walking that an untrained person does not have access to. It is
important to acknowledge that evaluation and intervention is a com
plex process and that this is not a strategy that can be taught in 5 min
to someone else. However, it is possible to teach a person how to
reinforce the patient in using a particular technique by employing a
specific kinesthetic cue.

Spaced repetition creates mastery of and strength in a new pattern
of action enabling caregivers to provide valuable practice of new
skills that the patient has mastered during a therapy session. The fol
lowing example is used to clarify the teamwork that can exist
between the caregiver and the physical therapist. When resting
supine, the patient becomes rigid in the legs and is very hard to roll
and help to a sitting position. The therapist explores and finds that
placing a small towel roll (3" X 6") under the knees relaxes the hips
and legs slightly. The therapist tries lightly stroking the feet one at a
time for 3-4 min, and this appears to desensitize the feet. The thera
pist then explores various possibilities and finally finds that tapping
the forefoot one at a time allows the legs to relax enough that support
under the knees combined with rolling the leg out (externally rotating
and abducting the hip) allows the knees to be bent one at a time and
both legs to be brought to the standing position; thus, rolling the
patient over becomes possible. The next step is to demonstrate this
procedure to the caregiver so that they can feel the contact and
points of leverage that create the ease of the movement response.
Lastly, the caregiver explores and practices the process under the
tutoring of the therapist until the procedure has been mastered.

Environmental adaptation to enhance independence is well
described by Karlquist (1987).Organizing the furniture and rituals of
caregiving to build on the patient's strengths is critical to enhance the
sense of safety and enjoyment for the patient through each phase of
the decline in cognitive function. Often, it is likely that environmental
concerns will continue to need to be solved at regular intervals. The
patient may find an extra blanket on the bed comforting but, 6
months later, that same extra blanket may be irritating. As a patient
experiences cognitive changes, there will be periods when they may
favor physical contact such as holding hands or walking arm-in-arm.
Some patients may literally need someone to sit at the bedside for
5min and sing in order to feel safe and be able to go to sleep.

The physical therapy consultation can involve a variety of detailed
refinements. It is sometimes as simple as the fact that if you sit on the
patient's hemiplegic side, the patient becomes agitated, but if you sit
next to them on the unaffected side, the patient is calmed by your
presence and goes to sleep. The key is to be available to support staff
and caregivers so that they can accept patients as they are, for exam
ple to accept a show of affection even if it is not how an adult would
be expected to act.

The family commonly needs referral to a family support group or
to formal counseling so they can work through their emotional reac
tions (i.e. grief and anger). Counseling is often helpful to answer
questions from grandchildren, who may not have beenpresent to set'

the gradual decline but who are then introduced to a person who
looks like grandmother but does not even recognize them. Children
are often fine at accepting the limited abilities of a relative if they are
given the right tools and support to enable them to be comfortable
and feel safe in the situation.

30Total possible score

Source: Adapted fromJournal of Psychiatric Research (1975;12:196-197);
"The summed scores of timeorientation and theserial seven Questions are
good predictors of cognitive impairment and may beused for screening
persons. The cut-off score for dementia isconsidered a score of 23(Onishi et al
2007). The Questions aremodified. dependent upon theexamination setting.

Memory/registration
The examiner names anythree objects and asks the 3
person to repeat all three; for example, "dog. book,
shoe" The examiner may repeat three objects until
the person has learned all three.

Language/commands
Ask the person to repeat: "When it rains, it pours" 1
Ask the person to name two objects. such asa 2
book and a watch
Ask the person to complete a three-stage 3
command: "Take mypen in yourleft hand, pass
it to yourright hand, thenset it on the table"
Follow the written command (shown in writing
"shake myhand")
Ask the person to write a sentence
Ask the person to copy a written design such as
two overlapping diamonds

Ori~ntatian'

Name thedayof the week, date, month, year, 5
and season
Where are we located: town,street, 5
state, home, facility?

(physical assistance) and the assistive devices required. It is critical
that the actual caregivers be present during physical therapy so that
they can demonstrate solutions to the caregivers on other shifts. It is
important that written instructions be left with caregivers after train
ing is complete and the caregivers are able to perform independ
ently. The physical therapy goals will be written in such a way that
caregivers are trained to assist a patient to perform a particular task
within a specific environment and time and with specific assistive
devices. Functional evaluation for ADL problem-solving can be very
helpful during the third phase of cognitive decline, when the patient
will tend to want to spend an increasing amount of time in bed. For
example, if there is only one caregiver and the patient needs to roll
over but is a 'dead' weight, the caregiver with knowledge of basic
handling skills can involve the patient to whatever degree possible
and thus use less energy. Another key area of self-eare that will need
adaptation is bathing. Once the patient is fearful of standing, it may
be necessary to give them a bed-bath instead of a tub-bath so that they
are not afraid of the daily clean-up.

The physical therapist who has mastered a particular approach of
neurofacilitation (such as the Bobath, Brunstromm or Feldenkrais



enhance communication, relaxation, balance, coordination and self
determination. When the therapist meets a patient, they are com
monly found sitting in a primitive posture, for example with feet
unsupported and hips flexed, head forward, hands resting unnatu
rally and showing overall tension and shallow breathing.
Commonly, a therapist has been called in because bathing or some
other basic task has become a source of great stress to the patient and
has resulted in conflict between the caregiver and the patient. The
first step is to create a sense of safety and comfort. It is helpful to
know what has been comforting to the patient in the recent past. A
dialogue between the therapist and the caregivers should occur so
that there can be agreement from the beginning about the desired
goals and the willingness of the caregiver to make minor but possi
bly key changes in the way a desired task is performed. There is an
old statement that says, 'To keep doing the same thing and then
being surprised that the results are the same is common when we are
too stressed to see the obvious'. When the therapist meets the patient,
a bond of trust must be established. This can involve any number of
stimuli - a hot pack in the lap, a heating pad, a doll, some music to
listen to or simply a hand to hold - and the ability to just sit and
smile and wait for acceptance of the contact. The goals of therapy
will vary but the component skills that create a positive therapeutic
outcome are often the same.

Key physical changes
Key physical changes that may facilitate relaxation and thus the
patient's involvement in assisted ADLs may include the following:

1. Evaluate the patient's breathing pattern for 1min and take cor
rective actions if appropriate. Gentle tapping and touching pro
cedures as described by Speads (1986) may enhance the ease of
ventilation.

2. Place the patient in a supine position so that their legs can roll
out slightly and the ankles are at or near neutral, not plantar
flexed (use props as needed).

3. Allow active assistive and passive range of motion in each leg, as
needed, to assist with dressing. This can be achieved by very
slowly and gently abducting each lower extremity one at a time.

4. Position the patient in a seated posture with the feet relaxed, flat
on the floor and hip-width apart, and covered with comfortable
footwear for skin protection.

5. Use a correctly fitted ergonomically appropriate firm seat, espe
cially for a wheelchair or a chair that is used frequently. This will
enhance the sit-to-stand pattern of action (jackson-wyatt 1994).

6. Place the patient's hands on arm rests or on a pillow in their lap,
with the wrists at a neutral position; avoid flexion of the wrists.

7. Use a functional lumbar support as needed for comfort, espe
cially if the patient will be sitting for more than 15min.

The importance of touch
During the therapist's process of exploration to discover what will
enhance self-determination in the patient and minimize stress for the
caregiver, touch can have many effects. Touch can be used simply to
relax and to comfort, as in light massage, and the relaxation response
will occur if that is what the patient needs. Touch can also be used to
create awareness, for example helping patients prepare to stand by
having them touch one foot to the top of the other or by rubbing their
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feet against each other in a gentle fashion. Touch can also be used to
suggest change, to create a distraction and to help redirect a person. If
a patient is focused on getting something that the caregiver cannot
provide and then a new stimulus is offered, the first object is forgot
ten. Touch can also be used to actually initiate change, as in a direc
tional movement to assist in communicating the need to stand up or
sit down. In this application, the touch is usually clearly visible to the
patient and the caregiver and involves more pressure than in other
applications. The techniques of neurofacilitation use a repetitive or
gradually increasing or decreasing touch to stimulate or erase a
reflex response, which can then be used to reinforce improvement in
functional activities.

For individuals with cognitive impairment, the use of touch to
enhance functional abilities and participation in ADLs starts at the
point of their awareness of their habitual response to what the care
giver is doing. In hands-on treatment, the habitual response of the
patient to a particular input can often be changed from an undesir
able response to a desirable response simply by making very minor
changes in the stimulus - slowing down, using more or less pres
sure, using two fingers of contact rather than one or using a flat hand
rather than the fingertips. Patients with cognitive impairment have
the ability to know clearly what they need and can make precise dis
tinctions in methods of handling, which, to the outsider watching,
are not at all obvious. The patient with cognitive impairment is often
sensitive to contact and touch and can respond to physical therapy by
showing improved participation in life. The big question is whether
the caregiver and the therapist are willing to acknowledge the tiny
distinctions (such as flat-hand versus fingertip pressure) desired by
patients and modify input so that patients can comfortably partici
pate in lifeon their own terms and feel empowered rather than having
to submit to others' terms.

Exercise and cognitive impairment
The role of exercise in the care of individuals with cognitive impair
ment has not been adequately addressed by research. However, clin
ically it may be seen that patients with social disengagement and
little or no appropriate stimulation are often withdrawn, confused,
physically aggressive and depressed. Almost 20%, and possibly as
much as 86%,of patients with dementia are depressed (Teri& Wagner
1992); however, with social and physical activity (walking 15-20rnin
daily), behavior and cognition may be more appropriate (Merck
Manual of Geriatrics 2000). Depression is a treatable condition that is
common in demented patients; this is important because physical per
formance is more likely to decline in depressed individuals (Chow &
Maclean 2001). As advocated by Crooks & Geldmacher (2004),
physical therapy is indicated to curtail loss in physical performance.

Teri et al (2003) conducted a randomized controlled study of 153
community-dwelling patients with a diagnosis of Alzheimer's disease.
Their intervention was caregiver training for behavior management
and exercise assistance and encouragement. At 3 months, the exercise
group, who carried out 60min/week of aerobic, strength, balance and
flexibility activities, scored significantly better on physical perform
ance and depression tests when compared with control subjects who
received routine medical care. At 2 years, they again significantly
outscored the routine-care group on physical performance scores and
showed a decrease of 19-50% in the rate of institutionalization for
behavioral problems.

As the world ages, the findings of three recent papers merit further
consideration and investigation. Exercising for three or more times a
week (Larson et a12oo6) and programs in which women walked for
at least 1.5h a week (Weuve et aI2004) were significantly associated
with better physical performance, cognition and delayed onset of
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dementia. Men who walked less than 0.25 miles daily showed a 1.8
fold excess risk for dementia compared with those who walked more
than 2 miles daily (Abbott et al 2004).

CONCLUSION

Recognizing that cognitive impairments caused by temporary con
ditions can be reversed is an important step. If the cognitive deficits
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INTRODUCTION

As the life expectancy of the general population has increased, so has
the life expectancy of the subpopulation of older adults with disabili
ties. In particular.sndivlduals with multiple sclerosis (MS) have a rel
atively normallife'fxpectancy (Cottrell et aI1999, Stem 2005). Aging
is associated with numerous physiological changes. There are spe
cial considerations that need to be addressed in individuals who are
aging with a disability; aging with MS presents unique challenges
for the clinician and patient alike. In particular, issues that pertain to
minimizing disability and morbidity, promoting functional inde
pendence and maintaining a positive quality of life need to be identi
fied (Cruise & Lee 2005,Stem 2(05).

Although there are data relating to all of the sequelae of MS, much
of the earlier research on this disease involved younger subjects.
Recent research is now beginning to examine the effects of aging on
populations with MS. Many of the physiological changes of aging are
similar to the effectsof MS.These similarities include muscle atrophy,
decreased cardiopulmonary reserve, impaired temperature regula
tion and depression (Stem 2(05).

This chapter will highlight the signs and symptoms associated
with MS and identify the issues that should be addressed in the reha
bilitation of the aging patient who presents with this disease.

OVERVIEW

MS frequently begins in young adulthood and, although there are sev
eral predisposing factors that can lead to this condition, its actual cause

is still unknown. It is the most common neurological disability seen in
young adults; symptoms usually emerge between the ages of 20and 40
(Goodman & Snyder 2000,Stem 2(05). Onset is rare in children and in
adults over the age of SO. Women are affected twice as often as men and
a family history of MS increases the risk by Ifl-fold. MSmay be the result
of a genetic predisposition or it may be triggered by a virus or environ
mental factor.Environmental factors may affect the onset of symptoms;
MS is five times more prevalent in the colder climates of North
America and Europe thanin tropical areas (Goodman & Snyder 2000).
Lifeexpectancy for individuals with all forms of MS is relatively normal,
although it varies according to different studies; the general consensus
is that, at most, lifespan may be reduced by 6-14 years (Cottrell et al
1999,Stem 2005).

MS is an autoimmune disease characterized by central nervous
system (CNS) inflammation and demyelination. Demyelination
leads to scarring or gliosis, which, in tum, forms plaques. The
plaques or lesions are scattered throughout the white matter of the
CNS and can lead to a wide array of brain and spinal cord syndromes
(Goodman & Snyder 2000, Stem 2005). The sclerotic plaques slow or
block neuronal transmission resulting in motor and sensory distur
bances and other symptoms. Clinical manifestations include weak
ness, ataxia, visual disturbances, numbness, paresthesias, heat
intolerance, fatigue, depression, pain, and bowel and urinary dys
function. Symptoms can vary making MS highly unpredictable as
well as chronic. The progression of MS depends on several factors
including age, intensity of onset, neurological status 5 years post
onset and course of exacerbations and remissions (Goodman &
Snyder 2000, Stem 2(05).

CLASSIFICATION

In total, 85% of patients present with abrupt onset of symptoms.
Classification is based on the clinical course of signs and symptoms.
Acute episodes of worsening symptoms (referred to as either relapses
or exacerbations) or gradual progression of the disease are hallmarks
of the following major classes of MS. Relapsing-remitting MS is char
acterized by symptoms that develop over a period of a few hours to a
few days, followed by recovery and a stable course known as 'remis
sion' between relapses. Approximately 8Q-.85% of patients are ini
tially diagnosed with relapsing-remitting MS.Almost SO% of patients
with relapsing-remitting MS eventually develop secondary progres
sive MS (SP-MS),characterized by gradual neurological deterioration
with or without superimposed acute relapses. If there is continual
disease progression from onset, with only minor fluctuations, the clas
sification becomes primary progressive MS (PP-MS). PP-MS occurs
in approximately 10% of patients, mainly those who are older than
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Table 31.1 Classification of MS based on clinical course

DIAGNOSTIC STUDIES IN THE AGING
PATIENT WITH MULTIPLE SCLEROSIS

AGING WITH AND CLINICAL FEATURES OF
MULTIPLE SCLEROSIS

40 years at onset. Progressive-relapsing MS, a rare form of the dis
ease, is characterized by gradual neurological deterioration from
the onset of symptoms and subsequent superimposed relapses
(Goodman & Snyder 2000, Stem 2005). Table 31.1 summarizes each
of the major subtypes of MS.

has been present for longer than 6 weeks. Fatigue can be intrinsic to
MS, l.e. it is made worse by heat; it is also often one of the first symp
toms of MS and often precedes a relapse. Its pathophysiology is com
plex; fatigue has been associated with dysregulation of the immune
system and changes in the CNS including neuroendocrine or neuro
transmission processes. It can also be considered a secondary com
plication of MS, for example because of sleep disturbance resulting
from nocturnal spasming; incontinence; pain; decreased physical
activity and deconditioning; or side effects from medication. Depres
sion, poor sleep and inactivity appear to be interrelated with fatigue
(MacAllister & Krupp 2(05).

Although depression can be a common mental health issue in the
general aging population, this symptom may be related to the neu
roanatomical or neurochemical changes associated with MS or to the
effects of dealing with a long-term disability. It is one of the most com
mon mood disorders seen with MS and the incidence of depression
is three times greater in this population than in the general popula
tion. The suicide risk is 7.5 times higher in the MS patient; the suicide
risk is not related to the duration or severity of MS but rather to alco
hol abuse and living alone (Stem 2(05). Other behavioral changes seen
in the MS population at any age include emotional lability and eupho
ria. It is unclear if these other behavioral responses are related to
CNS involvement or result from psychological stress because of the
limitations and disabilities of MS (Stem 2005).

Another feature closely associated with MS and fatigue is heat
intolerance. The symptoms of MS are made worse by heat. Weather,
exercise or overexertion can magnify symptoms. The aging MS
patient is even more vulnerable to the effects of heat as normal aging
decreases sweat gland function (Stem 2(05).

The clinical features present in the older adult with MS have far
reaching effects: this patient population is at risk for several other
medical conditions. Osteoporosis, increased fall and fracture risk and
cardiac disease are serious health concerns for the aging MS patient.
The medical conditions and sequelae associated with MS have been
aligned into numerous Preferred Practice Patterns (American Physical
Therapy Association 2(03). Further descriptions of specific Practice
Patterns and their use are discussed under Examination below.

Sensory and visual changes, lower extremity weakness, spasticity,
cerebellar and corticospinal involvement, heat intolerance and
fatigue are often seen in combination in MS; they can be key factors in
a debilitating spiral that leads to the medical complications men
tioned above. The ability to maintain one's balance requires the inte
gration of multiple sensory and motor systems. Impaired vision, loss
of proprioception and vestibular impairment result in a decrease in
information regarding postural control in any given environment.
Motor control, which stems from the cerebellum, vestibulospinal
inputs and corticospinal signals, is also essential in maintaining bal
ance. Spasticity and lower extremity weakness add to the MS
patient's imbalance and can also significantly alter the gait cycle.
This, in turn, can lead to an increased energy consumption, which can
add to fatigue. Limitations in mobility, increased fatigue and depres
sion can lead to a decrease in physical activity, resulting in a lower
aerobic capacity. Cardiac disease is more prevalent in the older adult
population; this, combined with the decreased activity level and aer
obic capacity, means that the older MS patient is at higher risk for car
diopulmonary complications (MacAllister & Krupp 2005,Stem 2(05).
Of note, swallowing disorders can affect up to 20% of MS patients
(Stem 2005). The older adult can also develop deficits such as
esophageal reflux and hiatal hernia, which further compound the
problem of adequate nutritional intake in the patient with MS.

Sexual disturbance is another feature seen with MS and the gen
eral older adult population. Primary sexual dysfunction associated
with MS results from CNS lesions that cause diminutions in genital
sensation, orgasmic response, erectile function in men and vaginal

Slow progression of symptoms from onset
of disease with noremission of symptoms

Absence of remission phases with more
rapid progression of symptoms and
disability; develops from relapsing
remitting course

Fluctuating course characterized by
sudden onset of new symptoms or
reappearance of previous symptoms
followed bypartial or total remission

Primary progressive

Relapsing-remitting

Secondary progressive

Magnetic resonance imaging (MRI) with gadolinium is commonly
used for the diagnosis of MS (Fig. 31.1). This technique is able to
identify white matter lesions and demonstrates the breakdown in the
blood-brain barrier that occurs during acute MS activity (when a
symptom is present for <6 weeks). However, the physiological process
of aging can also produce hyperintense foci in the subcortical region.
The older adult with MS presents a challenge in differentiating
between new disease activity and a stroke, although changes on MRI
resulting from ischemia are typically seen in the vasculature of the
brain. Lesions associated with MSextend outwards from the ventricles,
brainstem, corpus callosum, cerebellum and spinal cord (Stem 2(05).

The physiological changes that occur during the process of aging
present additional challenges for MS patients, caregivers and practi
tioners. Although many traditional approaches are effective in the
management of ailments associated with aging, special thought
must be given to addressing such problems in the MS population.
One such critical consideration in older adults is their susceptibility
to adverse drug side effects because of physiological changes in liver
and kidney function. For this reason, pharmacological management
of MS symptoms in the older individual can be more challenging.
Table 31.2 outlines the various manifestations associated with MS
and the issues that require special consideration in the aging MS
population (Stem 2(05).

One of the hallmarks of MS is fatigue. Individuals with MS fre
quently have limitations in activities of daily living (ADLs), employ
ment, social relationships, self-eare and any activity that requires
physical effort. The greatest challenge for clinicians and patients
alike is determining what is 'normal' and what is 'pathological'
fatigue; pathological fatigue is associated with the disease state.
Regardless, for the person with MS, fatigue can limit function 60% of
the time (MacAllister & Krupp 2(05). Fatigue is considered to be
acute if the symptom is new (present for <6 weeks), or chronic if it
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Figure 31.1 MRI images: Axial view (A) and parasagittal view (8) through one of the lateralventricles (LV) showing typical
periventricular T2 hyperintensities in a 70-year-old woman with longstanding MS. Notethe typical multiple oval lesions, the
so-called Dawson's fingers, many arranged perpendicularly to the ventricles. This is probably best appreciated on the parasagittal
view. T2-weighted axial image (e) obtained just superior to the LV, and Tl image at the same level (D) following intravenous
contrast. Note that there is no enhancement of anyof the lesions. However, on the T1 image, the round lesion is darker than the
surrounding white matter (arrow). These are so-called T1 black holes and indicate a more severe white matter injury.
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Table 31.2 Clinical manifestations and special considerations in theolder adultwith MS

Clinical feature Description Impact of aging Treatment considerations

Fatigue One of the most debilitating symptoms, Look for secondary causes, e.g. infection; Medication side effects also
occurring in over 2/3 of patients. cancer; anemia; hypothyroidism; contribute: TCAs; benzodiazepines;
Includes decreased energy; malaise; rheumatological conditions; diseases anticonvulsants; beta blockers;
motorweakness during sustained of thecardiovascular, pulmonary, renal interferons; antispasticity
activities; and difficulty concentrating. or hepatic systems. Other factors include medications. Intervention includes
Interferes with work, family and depression, pain, deconditioning or energy conservation and aerobic
social life exposure to heated environment exercise, Medication: caution with

olderadults, e.g. use of stimulants,
te. amantadine, associated with
risk of cardiac side effects

Depression Mostcommon mood disorder; caused by Often overlooked because of symptoms of Use of antidepressants also helpful in
neuroanatomical or neurochemical fatigue, decreased activity level and pain management. There are
changes. Incidence 3 x greater than decreased concentration. Depression depressive side effects fromother
in the general population rating scales have limited utility in the medications including anxiolytics;

MS population beta blockers; methyldopa; c1onidine;
reserpine; steroids. There isa 7.5 x
greater risk for suicide: duration and
severity of disease not factors but
major depression, living alone and
alcohol abuse are

Cognitive Mild cognitive dysfunction; 5-10%have In aging, slowing of frontal lobe processes Medications mayalso bea factor, e.g.
dysfunction severe condition. Deficits include leads to decreased learning rate. Aging anticholinergics, antispasmodics,

decreased short-term memory, MS patientat greater risk for cognitive opioids, benzodiazepines, TCAs. Use
reasoning, verbal fluency, abstract impairment lists, calendars and journals to assist
reasoning and speed of information with memory deficits
processing. Intellectual functions intact

Heat intolerance Frequently associated with increase in Elderly vulnerable to hyperthermia because Outside activities should be performed
severity of symptoms. Excessive heat of loss of homeostatic temperature in early moming; use airconditioning
is caused byweather, overexercising regulation, decreased ANS function, in home and cars; wear light clothes
or fever decreased sweat gland function, loss of or cooling vests; avoid saunas, hot

subcutaneous fat tubs. Ideal pool temperature
85°F (29.4°C)

Sensory Mostcommon initial symptom: affects Seen with longer duration of disease, MS patients often under treated for
disturbance >50% of patients. Includes therefore common in olderpatients. pain. Pain treated with opioid

paresthesias; numbness; loss of Aging associated with musculoskeletal analgesics, NSAIDs, antlselzure
proprioception; neuropathic pain; degeneration; may aggravate symptoms. medications, antidepressants;
acute pain because of inflammation; With aging patient, ruleout other antispasticity agents. Intrathecal
chronic pain from increased muscle etiology of pain, te, cervical spondylosis: baclofen pump may bebeneficial for
tone or musculoskeletal changes look for neck and radicular pain; muscle intractable pain and spasming. Assess

atrophy; decreased deep tendon reflexes posture and wheelchair seating. Use
appropriate assistive devices to
decrease strain and overuse of
muscles if inefficientgait is
observed. Assess skin integritywith
sensory loss

Ophthalmological Affects 80%of patients. Leads to In olderpopulation: cataracts, presbyopia, Environmental adaptations include
symptoms decreased ADLs and employment. macular degeneration and glaucoma outlining doorways and stairs.

Mostcommon: opticneuritis, compound visual disturbances. Leads to Reduce glare and use magnifiers.
internuclear ophthalmoplegia and furtherisolation and decreased self-care Diplopia: eye patching or glasses
nystagmus. Symptoms: blurred vision, with prism lenses
scotoma, impaired colorvision and
contrast sensitivity, pain with eye
movement

(Continued)
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Table 31.2 (Continued)

Clinical feature

Cerebellar
symptoms

Motorloss and
spasticity

Bladder
dysfunction

Bowel
disturbance

Description

Seen in 1/3 of patients. Disabling tremors
affectany muscle group. Increases
fatigue because of increased energy
consumption

Present in >60% of patients; results
from corticospinal involvement. Lower
extremities involved more than upper
extremities. Energy requirement
increases for activitywith spasticity

Affects 961\10 with >10 years' history;
detrusor hyperreflexia is most
common. Urinary tract dysfunction
can lead to bladder or renal stones
and frequent UTI

Constipation most common because of
pelvic floorspasticity, decreased
gastrocolic reflex, decreased hydration,
medication, immobility, weak
abdominal muscles

Impact of aging

Aging also affects balance in general
population; cerebellar symptoms may
further increase fall risk

Weakness associated with aging because
of lower motorneuron denervation and
atrophy. Rule out secondary causes in
aging patient with spasticity: infections,
skin breakdown, spinal stenosis with
myelopathy

Anatomical and physiological changes
because of aging can cause urinary
frequency, hesitancy, retention and
nocturia. Incontinence can becaused
bydelirium, atrophic vaginitis. enlarged
prostrate, constipation

Slowed motility of gastrointestinal tract
seen in olderadult

Treatment considerations

Noeffective medications. Review fall
precautions. Home assessment may
be helpful to increase safety

Oral medications for spasticity must
bemonitored closely. Baclofen:
lowerinitial dose and slower
titration decreases riskfor sedation
and confusion. Benzodiazepines:
increased half-life and higher
association with agitation and
dysequilibrium

Elderly sensitive to urological side
effects of medications used to treat
MS. Take into consideration level of
disability; manual dexterity; other
medical problems; provide social
support for decisions regarding
intermittentcatheterization vs.
indwelling catheter

Medications (anticholinergics, TCAs,
antihypertensives, iron, calcium,
opioidsl may exacerbate constipation
in elderly; regular bowel program
may be necessary; rehabilitation to
increase mobilitymay also be
beneficial

ADLs, activities of daily living;ANS, autonomic nervous system; NSAIDS, nonsteroidal antiinflammatory drugs; TCA, tricyclic antidepressants; UTI, urinary tract infection.

lubrication in women. Secondary dysfunction is a result of other
symptoms of MS, such as bowel and bladder dysfunction. Similar
sexual changes are also seen in the general elderly population (Stem
2(05).

The effects of aging, a decrease in ambulation and the use of corti
costeroids to manage MS are common causes of bone loss and osteo
porosis. This decrease in bone density can place the aging patient with
MS at risk for falls with a concomitant high risk of bone fractures,
especially in the spine and femoral neck (Stem 2(05).

QUALITY OF LIFE

Given the clinical features of this disease, the medical needs of the
aging MS patient are different from their peers. Although the health
related challenges for individuals with MS are similar to those for
others with long-term disabilities, the unpredictability of MS adds to
these issues. Several studies have concluded that these issues are pres
ent regardless of age, sex or disability. One such issue is a fear of fur
ther loss of mobility and independence. Becoming a burden to family
and caregivers, physically, financially or psychologically, is another.
Nursing home placement is also a significant fear for the aging MS
patient. Although these issues are common in others who have a long
term disability, the timing of these problems is unique to MS. Because
life expectancy is close to normal, decisions regarding autonomy and

long-term care are made for patients with MS at the age of 55 rather
thanwhen they are in their late 70s (Finlayson 2004).

For the effective management of MS throughout the life of the
patient, the outcome of any interventions needs to include a quality of
life assessment. Three scales are commonly usedto quantify quality of
life in the individual with MS. The Kurtzke Expanded Disability
Status Scale (EDSS) quantifies disability in the MS population
(Kurtzke 1983). It evaluates MS according to signs and symptoms
observed during a neurological examination. The scale ranges from 0,
normal examination, to 10, death (Table 31.3). The Multiple Sclerosis
Functional Composite measure consists of a 25-foot walk, nine-hole
peg test and paced auditory serial addition test (Fischer et all999).The
MS Quality of We Inventory (MSQU) assesses 10 scales that are
generic and MS-specific (Dilorenzo et al2(03). These scales have also
been useful in studies on the effects of rehabilitation and exercise.

EXAMINATION

Examination should consist of taking a history, systems review, tests
and measures. The physical examination should address cardiopul
monary function, sensory and motor status, posture, balance and
coordination, gait and ambulatory status, wheelchair seating and
mobility, and endurance. The history/patient interview will help
determine and prioritize which tests and measures to carry out. It is
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Table 31.3 Kurtzke Expanded Disability Status Scale

o Normal neurological exam (all grade 0 in FS; mental grade 1 accepted)

1.0 Nodisability, minimal signs in one FS other than mental

1.5 Nodisability, more than one grade 1 in FS otherthan mental

2.0 Minimal disability, one FS grade 2,others 0 or 1

2.5 Minimal disability in two FS with grade 2,others 0 or 1

3.0 Moderate disability in one FS with grade 3,others 0 or 1;or three/four FS with grade 2,others 0 or 1; fully ambulatory

3.5 Fully ambulatory but with moderate disability in one FS with grade 3 and one/two FS grade 2; or two FS grade 3; or five FS grade 2

4.0 Fully ambulatory withoutaidor rest for at least 500 m,self-sufficient, upand aboutsome 12h a daydespite relatively severe disability
of FS grade 4 (others 0 or 1),or combinations of lesser grades beyond limits of preceding step

4.5 Fully ambulatory withoutaidor rest for at least 300m,upand about much of day, able to work full day, may have some limitsof full
activityor require minimal assistance; relatively severe disability consisting of one FS grade 4 (others 0 or 1)or combinations of
lesser grades beyond limits of preceding step

5.0 Ambulatory withoutaidor rest for 200 m; impaired abilityto carry out full dailyactivities; FS of one grade 5 or combination of lesser
grades beyond preceding step

5.5 Ambulatory withoutaid or rest for about 100m; unable to carry out full dailyactivities; FS of one grade 5 or combination of lesser
grades beyond preceding step

6.0 Intermittent or unilateral constant assistance to walk 100 m with or without rest; more than2 FS grades 3 + and combinations of
lesser grades

6.5 Constant bilateral assistance required to walk20m without resting; two FS grade 3 + with combinations of lesser grades

7.0 Unable to walk beyond 5meven with aid; wheels selfin standard wheelchair and transfers independently; up in wheelchair approximately
12h a day; FS scores are combinations with more thanone grade 4+

7.5 Unable to take more than a fewsteps; may need aid in transfer, cannot beup in chair full day, but wheels self, mayrequire motorized
wheelchair, FS as in 7.0

8.0 Restricted to bed or chair, may be up in chair most of day; able to perform self-care functions with effective use of arms; FS asin 7.0

8.5 Restricted to bed much of day; some use of arms; some self-care functions; FS asin 7.0

9.0 Unable to help in bed; can communicate and eat; FS grades mostly 4+

9.5 Totally helpless bed patient; unable to communicate or eat/swallow; almost all FS grade 4+

10 Death due to MS

From Kurtzke JF 1983 Rating neurologic impairment in multiple sclerosis: anexpanded disability statusscale (EDSS). Neurology 33:1444, with permission.
FS. functional systems.

essential to prioritize what the examination should include and how
much can beaccomplished in the first session; endurance is limited in
the individual with MS and, in addition, the older adult with MS may
have endurance that is further compromised because of the physio
logical changes associated with aging. Obtaining baseline measures of
strength, balance, endurance, gait, transfers and community mobility
are essential not only for the current episode of care but also for future
episodes. Pulmonary function should be assessed, even if it is only a
simple measurement such as forced vital capacity. As the course of MS
is uniquely unpredictable, it is helpful for the practitioner and patient
to have an accurate clinical picture of their status before rehabilitation
and to reflect back on it at a later time. This information may beuseful
in identifying relapses or remissions, quantifying progressive worsen
ing in physical mobility and measuring response to medical interven
tions. Box 31.1 lists some appropriate tests and measures that are
frequently used in the examination of MS patients. As with the exam
ination of any patient. the selection of appropriate tests should reflect
the individual's needs. Judicious use of any measurement must bear

in mind the physical, emotional and functional components of each
patient.

Another comprehensive source for examination measures and inter
vention strategies is the Guide to Physical Therapist Practice (American
Physical Therapy Association 2003).This guide describes physical ther
apist practice; it defines the role of physical therapists in numerous set
tings and delineates tests, measures and interventions that are utilized
in physical therapist practice. It aligns MS into five Preferred Physical
Therapist Practice Patterns and lists an array of current options for the
management of patients presenting with the diagnosis of MS. The five
practice patterns of MS include SA, primary prevention/risk reduction
for loss of balance and falling; SE,impaired motor function and sensory
integrity associated with progressive disorders of the central nervous
system; 6C, impaired ventilation, respiration/gas exchange and aerobic
capacity/endurance associated with airway clearance dysfunction; 6E,
impaired ventilation and respiration/gas exchange associated with
ventilatory pump dysfunction or failure; and 7A, primary prevention/
risk reduction for integumentary disorders.
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Box 31.2 Risk factors for falls inolder adultsBox 31.1 Standardized tests and measures frequently
used In examination of MS patients

Fatigue
• Fatigue Severity Scale

Balance
• Berg Functional Balance Scale
• Tinetti Performance-Oriented MobilityAssessment
• Forward reach
• Dynamic posturography
• Dizziness Handicap Inventory
• ABC Fall Scale

Gait
• GaitAbnormality Rating Scale (GARS)
• Dynamic gait index
• 2-min walk test
• 10-m gait speed
• Sit-to-stand test

Intrinsic factors

• Women> men
• ~80 years
• Incontinence
• Medical conditions
• Medication use
• low or highphysical

activity level/exerciseo
• Sensory: vision,

proprioception, vestibular"
• Weakness: hips, knees, ankles"
• Decreased range of motion"
• Balance and gait deficits°
• Insight regarding safety, and

actual deficits and risk-taklnq"

"Items that are modifiable factors.

Extrinsic toctots'

• Poor lighting
• Clothing too long
• Footwear
• Stairs
• Curbs
• Ramps
• Ice, snow
• Wetsurfaces
• Obstacles, clutter

INTERVENTION

Rehabilitation of the older adult with MS should be tailored to the
specific needs of the individual. In general, the intervention should
be designed to maximize the patient's mobility; educate the patient
and caregiver regarding maintenance or improvement of aerobic
capacity and endurance without increasing fatigue; and enable the
patient to remain independent. Allof the patient's impairments should
beaddressed with the goal of improving function and minimizing
disability. In addition, all concurrent medical conditions, which fre
quently accompany the aging MS patient, need to be considered. As
well as the neurological impairments seen with MS, the degenerative
musculoskeletal and cardiopulmonary changes also need to be iden
tified and managed during the course of care.

Modifications may need to be made throughout the episode of
care. For example, performing balance retraining activities on a com
pliant foam cushion may be more difficult for the aging patient with
severe degenerative joint disease (DID) in both knees and ankles,
and aerobic training activities should be more closely monitored in
the elderly patient with MS with a pacemaker. Home exercise pro
grams should be reviewed more carefully, written clearly and possi
bly enlarged for optimal comprehension and compliance. A review
of the home program should occur on a regular basis, ruling out any
possible activities that may be worsened by pain or shortness of
breath.

As fear of falling and imbalance are significant concerns in the
general older adult population, prevention of falls and fall risk mod
ifiers should be included in the rehabilitation of most aging MS
patients. Box 31.2 provides a list of modifiable intrinsic and extrinsic
factors that can beaddressed in physical therapy to reduce fall risk.

Rehabilitation has played a major role in addressing the deficits and
improving function in the MS patient population. Exercise is consid
ered the first line of intervention in the treatment of fatigue
(MacAllister & Krupp 2(05). It not only counteracts deconditioning
from inactivity but also has the positive benefits of increasing self
esteem, improving mood, combating social isolation and decreas
ing the risk of cardiovascular disease (MacAllister & Krupp 2(05).
Evidence exists that physical therapy can improve function and

decrease disability, especially in the MS patient. Recently, there have
been numerous studies supporting traditional therapeutic activities
and aerobic exercise as a plausible means of increasing endurance,
functional activity and even quality of life issues in the older adult with
MS. Various physical therapy regimens ranging from sensorimotor
adaptation (Rasova et al2(05), individualized programs of therapeutic
activities, resistance exercises, balance and gait retraining (Romberg
et al2(05) and aerobic exercise on a stationary bike (Romberg et al2004,
Kileff& Ashburn 2005)have had significant positive effects in the MS
population at all ages. Outcomes from these studies include increased
endurance, ability to walk further, decreased fatigue, decreased
depression, decreased disability and improved quality of life (Romberg
et al2004, 2005,Kileff& Ashburn 2005,Rasova et al2(05).

Although there are numerous positive outcomes observed, special
consideration should be made when implementing rehabilitation in
the older adult with MS. The aging patient with MS may need
increased recovery times following exercise. There is also a reduction
in training capacity in patients with neuromuscular diseases
(Stuerenberg & Kunze 1999). Rigid rules associated with Medicare,
i.e. the need for inpatients to receive physical therapy twice daily,
may negatively affect the progress of an older adult with MS because
overexercising may compound the challenges of fatigue. Exercise pre
scription should be tailored to each patient carefully; education
should include instruction in how to monitor activities and fatigue
in an appropriate way. Monitoring fatigue, endurance and aerobic
capacity during physical activities and home exercise regimens may
help stress the importance of the balance between maintaining phys
ical activity and energy conservation techniques. The Borg Perceived
Level of Exertion Scale can assist the patient in assessing their toler
ance to exercise (see Chapter 41, Exercise Considerations for Aging
Adults).

Gait disturbance is usually caused by weakness, ataxia, sensory
loss and spasticity. Achieving independence with mobility can be
accomplished with a variety of assistive devices and gait training
(Stem 2(05). The age of the patient, as well as other demographic and
environmental factors and medical conditions, will determine what
assistive device is appropriate. Concerns in the aging MS population
include energy conservation; seats, baskets and hand brakes may be
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helpful accessories for a rolling walker. Built-up hand grips are useful
for the aging patient with arthritic changes in the hand and wrist.
Ankle-foot orthoses will increase knee stability and toe clearance
and enable the patient to walk more efficiently. It is necessary to be
cautious when selecting the orthosis; a heavy device will increase
energy demands during ambulation. For this reason, hip-knee-ankle
orthoses are generally avoided (Stem 2(05).

PHARMACOLOGICAL MANAGEMENT

Although there is no cure for MS, there are disease-modifying agents.
Short-term courses of intravenous corticosteroids are given during
exacerbations. Side effectsof these drugs include mood changes, hyper
tension, glucose abnormalities and fluid retention. Long-term or
repetitive use is not recommended as this can lead to osteoporosis
and cataracts.

With relaxing-remitting MS, two agents are used to decrease the
frequency and severity of relapses: interferons and glatiramer
acetate (Copaxone). There are three types of interferons: Betaseron,
Avonex and Rebif. Side effects for this group include flu-like symp
toms, localized reaction at injection site, elevated liver function test
and abnormal complete blood counts (CBC). Copaxone mimics
myelin protein and its side effects are localized reaction at injection
site, chest tightness, flushing and anxiety (Stem 2(05).
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INTRODUCTION

Parkinson's disease (PO), also known as paralysis agitans, is a
progressive neurodegenerative disease that affects approximately
1% of those over the age of 60 years. With the aging of the popu
lation, this number is expected to increase. For example, PO
currently affects approximately one million people in the US; in
coming decades, it is anticipated that this number will triple
or quadruple (Pahwa et al 2004). Men and women are equally
affected. In Europe, annual incidence estimates range from 5 cases
per 100000population to 346cases per 100000 (von Campenhausen
et aI2(05).

PO results from a loss of pigmented neurons in the substantia
nigra, which leads to a reduction in the production of the neuro
transmitter dopamine. The resulting movement disorders are char
acterized by tremor, rigidity, bradykinesia and postural instability
(see Form 32.1 for a sample evaluation). Diagnosis is usually made
by observation of signs and symptoms and may be facilitated by
positron emission tomography (PET)scans as well as single photon
emission computed tomography (SPECT) (Winogrodzka et al 2(05).
Magnetic resonance imaging (MRI)and computed tomography (CT)
can be useful in differentiating PO from other disorders. A clinical
presentation that mimics but is different from PO is called
Parkinson's syndrome or parkinsonism. Parkinsonism is a frequent
cause of functional impairment in the elderly. The diagnosis is based
on an evaluation of four signs: resting tremor, akinesia, rigidity and
postural abnormalities. Parkinsonism may be caused by PO and can
be part of the clinical presentation of other neurodegenerative dis
eases (Larsen 2(05).

SIGNS AND SYMPTOMS

The signs and symptoms of PO vary, depending on the stage of the
disease. The early stage may include tremors (often unilateral) and a
sense of fatigue. The middle stage usually includes tremors, varying
degrees of rigidity and bradykinesia, and postural changes and insta
bility,and the patient may begin to require assistance from caregivers.
The final stage of PO includes extensive motor disorders, which result
in the patient requiring assistance for movement and the performance
of activities of daily living. Cognitive changes (depression, dementia)
commonly accompany PO (poewe 2005).

Tremors are present at rest and usually disappear as a patient
attempts to move or during sleep. The term given to the commonly
observed repetitive finger movements is 'pill-rolling'. Clinically, it has
been observed that PO patients move slowly and with inconsistent
acceleration; this bradykinesia is often noticeable when the patient
progresses from the early stages of the disease. A complete lack of
movement (akinesia) may occur. PO patients can 'freeze' in a certain
position (including standing) and then spontaneously begin to move
again. Rigidity has been linked to the development of contractures,
fixed kyphosis and loss of pelvic mobility. Postural instability most
likely reflects central nervous system pathology as well as the muscu
loskeletal changes mentioned above.

INTERVENTIONS

The management of PO usually combines nonpharmacological and
pharmacological treatments. The former should include a multidis
ciplinary approach involving various therapies (physical, occupa
tional and speech), emphasizing the patient's independence and
training of the caregiver. Musculoskeletal changes associated with
aging should not be confused with the changes typically seen in PO:a
forward-thrust head, increased thoracic kyphosis, posterior pelvic tilt
and a slow shuffling gait. Instead, a PO patient should be objectively
evaluated using an appropriate device such as the Unified
Parkinson's Disease Rating Scale (Table32.1).The clinical assessment
can be video recorded, which allows changes in movement disorders
to be more easily tracked.

Nonpharmacological management
Therapeutic intervention should begin as early in the disease state as
possible.Avoiding soft-tissue contracture, loss of joint range of motion

199
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Form 32.1 Parkinson's disease evaluation form (circle appropriate score)

Bradykinesia of hands

o Noinvolvement

1 Detectable slowing of supination/pronation rate evidenced by beginning to have difficulties handling tools, buttoning clothes and with

handwriting

2 Moderate slowing of supination/pronation rate, oneor both sides, evidenced by moderate impairment of hand function. Handwriting is

greatly impaired, micrographia

3 Severe slowing of supination/pronation rate. Unable to write or button clothes. Marked difficulty in handling utensils

Rigidity

o Undetectable

1 Detectable rigidity in neck and shoulders. Activation phenomenon is present. One or both arms show mild, negative, resting rigidity

2 Moderate rigidity in neck and shoulders. Resting rigidity is positive when patientnot on medication

3 Severe rigidity in neck and shoulders. Resting rigidity cannot be reversed by medication

Normal posture. Head flexed forward less than4 inches (10.2cm)

Beginning poker spine. Head flexed forward up to 5 inches

Beginning armflexion. Head flexed forward up to 6 inches. One or both arms flexed but still below waist

Onset of Simian posture. Head flexed forward more than 6 inches. Sharp flexion of hand, beginning interphalangeal extension. Beginning

flexion of knees

I Posture
I

10

1

2

3

Upper-extremity swing

o Swings both arms well

1 One arm decreased in amount of swing

2 One arm fails to swing

3 Both arms fail to swing

Gait

o Step length is 18-30 inches (45.7-76.2 em). Turns effortlessly

1 Step length shortened to 12-18 inches. Foot-floorcontact abnormalities on oneside. Turns around slowlyand takes several steps

2 Step length 6-12 inches. Foot-floorcontact abnormalities on both sides

3 Onset of shuffling gait.Occasional stuttering gait with feet sticking to floor. Walks on toes. Turns very slowly

i
I Tremor
o Notremor

1 Less than l-inch (2.5 cm) amplitude tremorobserved in limbs or head at rest or in eitherhand while walking

2 Maximum tremor envelope fails to exceed 4 inches. Tremor is severe but not constant. Patient still has some control of hands

3 Tremor envelope exceeds 4 inches. Tremor is constant and severe. Writing and feeding are impossible

Face

o Normal. Full animation. Nostare

1 Detectable immobility. Mouth remains closed. Beginning to have features of anxietyor depression

2 Moderate immobility. Emotion shows at markedly increased threshold. Lips parted some of the time. Moderate features of anxiety or

depression. Drooling may occur

3 Frozen face. Mouthslightlyopen. Severe drooling may be present

Speech

o Clear, loud, resonant, easily understood

1 Beginning of hoarseness with loss of inflectionand resonance. Good volume. Still easily understood

2 Moderate hoarseness and weakness. Constant monotone, unvaried pitch,earlydysarthria, hesitancy, stuttering, difficult to understand

3 Marked hoarseness and weakness. Very difficult to hear andunderstand
------ -- --~
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Self-care

o Noimpairment

1 Still provides full self-care but rate of dressing definitelyslowed. Able to livealone and still employable

2 Requires help in certain critical areas such as turning in bed, rising from chairs, etc.Very slow in performing most activities but manages by

taking time

3 Continuously disabled. Unable to dress, feed selfor walkalone

Overall disability (sum of the scores from all categories): 1-9, early stage; 10-18,moderate disability; 19-27, severe or advanced stage

i AfterTurnbull GI 1992 Physical Therapy Management of Parkinson's Disease. Churchill-Livingstone, NewYork, with permission.

From the American Parkinson's Disease Association, with permission.

Table 32.1 Unified Parkinson's Disease Rating Scale (Hohn
and Yahr Scale)

(ROM), reduction in vital capacity, depression and dependence on
others enhances the quality of life of the PD patient. It is important to
include caregivers and others who are significant to the patient in
goal setting and planning interventions.

Intervention should be goal oriented (restoring or maintaining
function is the desired outcome) and individually tailored, based on
the stage of disease that the patient is at. Relaxation exercises may be
useful to reduce rigidity and there is some support for the idea that
strengthening exercises may help to prevent falling (Villani et aI1999).
Stretching and active ROM exercises are vital and the patient should
be provided with a home program to facilitate improvement
in functional postural alignment. Breathing and endurance exercises
can help to maintain vital and aerobic capacities. This is important
because PD patients have a high incidence of puhnonary complica
tions such as pneumonia. Balance, transfer and gait activities (includ
ing weight shifting) are also recommended.

Balance training should include repetitive training of compensatory
steps (lobges et a12004)and practice at varied speeds, as well as self
induced and external displacements. Self-induced displacements are
necessary to help the patient in tasks such as leaning, reaching and
dressing. Displacements of an external origin may be expected if a
patient is walking in crowds or attempting to negotiate uneven or
unfamiliar terrain. External displacements may be simulated by the
use of gradual resistance via rhythmic stabilization.

Transfer training should focus on those activities that can be rea
sonably expected of the patient. At a minimum, bed mobility and
transfers, and chair and commode transfers should be considered.
Limitations in active trunk and pelvic rotation may impair a PD
patient's mobility in bed. Satin sheets or a bed cradle may reduce
resistance to movement from friction. An electric mattress warmer
may ease mobility by reducing the need for, and thus the weight
of, covers. If the PD patient cannot be taught to perform a transfer

Stage Disease state

Nosigns of disease

Unilateral disease

Bilateral disease, without impairment of balance

Mild to moderate bilateral disease; some postural
instability; physically independent

Severe disability; still able to walkor stand unassisted

Wheelchair-bound or bedridden unless aided

independently, accommodations should be considered. Examples
include bed rails or a trapeze, a lift chain and a commode with arms.

Specific training may enhance a PD patient's ability to perform
some transfers such as sit-to-stand. Recent evidence indicates that
strategies designed to facilitate tibialis anterior activation may
improve sit-to-stand performance (Bishop et al 2(05). However, it is
possible that the PD patient may require assistance to perform trans
fers. Careful instruction and guided practice will help to ensure effec
tive carryover of the learning experience.

Gait training should focus on musculoskeletal limitations that can
be quantified. PD patients tend to have limitations in ankle dorsiflex
ion, knee flexion/extension, stride length, hip extension and hip rota
tion. Joint mobilization and soft-tissue stretching can be effective in
increasing ROM and improving gait. It is important to include trunk
mobility (rotation) and upper extremity ROM (large, reciprocal arm
swings) in a comprehensive gait-training program for PD patients.
Rhythm or music may facilitate movement but the use of assistive
devices such as canes and walkers is not always appropriate for PD
patients. At times, the use of an assistive device increases a festinat
ing gait or aggravates problems with balance or coordination. Care
should be taken to avoid excessive musculoskeletal stress and falls.
Conditions such as osteoporosis may predispose a patient to injury.

For PD patients, a primary problem is difficulty in motor plan
ning. Complex tasks such as transferring out of bed and walking to
the bathroom have to be broken down into simple components
(Bakker et al 2004). It is important for patients and caregivers to
remember that verbal and physical cuing (and other forms of assis
tance) should be oriented toward completion of a number of simple
tasks in order to accomplish the overall goals of maintaining function
and mobility. Further, it has been noted that stress, fatigue, anxiety or
the need to hurry imposed by the caregiver may exacerbate the
freezing associated with PD.

When examining and planning interventions for a PD patient, com
mon age-related changes must be considered. For instance, older
individuals are more sensitive to glare and benefit from contrasting
colors when determining depth. This is especially evident during activ
ities such as gait training on steps. Further, some signs and symptoms
of PD have been confused with changes associated with aging. PD
patients may present with a reduced or lost sense of smell, handwriting
that is difficult or impossible to read and changes in sleep patterns.

Specific nonpharmacological interventions include biofeedback,
proprioceptive neuromuscular facilitation, Feldenkrais and the
Alexander Technique (Stallibrass 2(02). Stretching, active ROM and
strengthening exercises should emphasize safety: patients should be
placed in a fully supported position initially and progressed to
unsupported positions. In addition, spinal mobility must be oriented
toward complete full normal rotation, including elongation of trunk
musculature. A loss of pelvic motion occurs and can be addressed by
means of lateral and anterior/posterior tilts; for instance, the func
tional task of standing from a seated position can incorporate ante
rior pelvic tilts. Mobility in bed, such as rolling over, can include
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Figure 32.1 A sequence of exercises that can be used in the supine position to increase the range of
motion of the neck and trunk.Anycombination of motions can be used. (A) Head is slowly rotated
side-to-side within the available range of motion while lowerextremities are rotated side-to-side in
the opposite direction. (8) Upper extremities arepositioned in 45 degrees of shoulder abduction with
90 degrees of elbowflexion. One shoulder is externallyrotated; the opposite shoulder is internally
rotated. From this initial position, the shoulders areslowly rotated back and forth from an internally to
an externally rotated position. (e) In an advanced exercise, the head, shoulders and lowerextremities
aresimultaneously rotated from one position to the other.
(From Turnbull GI 1992 Physical Therapy Management of Parkinson's Disease. Churchill-Livingstone, New York, with
permission.)

trunk rotation. Toimprove postural (i.e.balance) responses, a variety
of balance activities has been recommended (Hirsch et al 2(03). It is
important, however, that a variety of tasks are practiced, as skills
tend to be task-specific. Examples of some mobility skills are shown
in Figures 32.1,32.2 and 32.3.

The PO patient may experience frustration because of a loss of
independence in performing normal activities. This may lead to
social withdrawal as symptoms worsen. Social withdrawal can be
related to facial involvement - the 'mask' face typical of PO patients,
which includes prolonged eyelid closure, slurred speech and drool
ing. Drooling may be reduced by correcting forward head posture and
using speech therapy to address tongue and swallowing dysfunc
tions. Speech therapy may also assist in improving voice volume and
inspiratory muscle strength (Pinto et al 2(04). Sucking ice chips for
20-30 min before a meal may help with swallowing and decrease
coughing and choking. See Chapter 56 for additional information on
dysphagia.

Pharmacological management
Pharmacological management of PO includes dopamine replace
ment (with Sinemet, a combination of carbidopa and levodopa);
dopaminergic drugs that act at the postsynaptic site, such as per
golide (Permax) and bromocriptine (Parlodel); anticholinergic drugs,
such as trihexyphenidyl (Artane); and neuroprotective medications
(drugs that help prevent further dopaminergic cell death) including

selegiline (Eldepryl). A drug that can be used to test for suspected PO
is amantadine (Symmetrel), as it is believed to have dopaminergic
and anticholinergic properties.

Medications used for PO have a great number of side effectsthat can
hamper rehabilitation. Nausea, vomiting, confusion, Iightheadedness,
hypotension and dyskinesia are only a few of the clinical signs that
may be evident. Some of the clinical problems may be medication
related; Sinemet and Parlodel can cause hallucinations, vivid
dreams, leg cramps and daytime drowsiness. In addition, levodopa is
associated with the 'on-off' syndrome, in which the PO patient
demonstrates periods of time when motor control is intact (on) or
not (off).As dosages of levodopa increase, a wearing-off effect may
be noted. This is a deterioration of motor performance as the time
nears for the next dose of medication. Because of these limitations of
levodopa, some physicians delay using it, preferring to start with
drugs such as selegiline. Generally, as the disease progresses, finding
the right dose of medication becomes difficult and patients may be
over- or under medicated (Gladson 2006).

SURGICAL TREATMENT

Surgical treatments are varied as are the reported outcomes (Ansari
et aI2(02). Specific techniques include basal ganglia stereotactic sur
gery; thalamotomy, a Surgical lesion of the thalamus (which is reported
to reduce tremor); chronic thalamic stimulation; and pallidotomy, a



Figure 32.2 In a side-lying position, the thorax is slowly rotated forwards and backwards relative to the
pelvis while the upper extremity is protracted and retracted relativeto the thorax.
(From Turnbull GI 1992 Physical Therapy Management of Parkinson's Disease. Churchill-Livingstone, New York,
with permission.)

surgical lesion of the globus pallidus (which is reported to alleviate
bradykinesia more than tremor). Patients apparently demonstrate
reduced dyskinesia associated with anti-Parkinson medications fol
lowing thalamotomy and pallidotomy. Fetal tissue transplant proce
dures have been carried out in some countries but are banned in
others. Techniques for the transplantation of fetal and other cell types
are in various stages of research and development. Strategies for using
stem cells to benefit patients with PO have beenreported in the litera
ture (Olanow 2003,Kim 2004).

COGNITIVE AND SOCIAL ISSUES

Cognitive deficits that have been associated with PO include demen
tia and depression (mood disorders) (Ianvin et al2005). These deficits
are demonstrated by changes in cognitive abilities such as memory,
spatial ability,word finding and dealing with new or complex tasks.
Cognitive deficits should be considered when planning a treatment
program for PD patients, as modifications may be required to accom
modate specific patient limitations. Varying the style of interaction
and reducing the pace of communication may be helpful. Therapists
should use caution when deciding a PO patient is being uncooperative
or stubborn, as cognitive deficits may not have been adequately
addressed. It is possible that cognitive changes from an earlier injury
such as a cerebrovascular accident may already exist. It is important
to educate caregivers regarding a patient's cognitive deficits and
find strategies to reduce frustration for both.

CONCLUSION

Figu re 32.3 Pelvic exercises in the sitting position. (A)The pelvis is
anteriorlyand posteriorly tilted while the shoulders remain at
midline. (B) The pelvis is laterally tilted (by lumbarlateral flexion)
while the shoulders remain at midline.
(From Turnbull GI1992 Physical Therapy Management of Parkinson's
Disease. Churchill-Livingstone, New York, withpermission)

Parkinson's disease is a neurodegenerative disorder that results from
a loss of pigmented neurons in the substantia nigra and leads to
movement disorders characterized by tremors, rigidity, bradykinesia
and postural instability. Therapeutic interventions should begin in
the early stages of the disease in order to enhance mobility and qual
ity of life.Pharmacological intervention is a mainstay in the treatment
of Parkinson's disease but therapists must be cognizant that the
potential side effects of medicines and the on-off syndrome may
hamper rehabilitation. Surgical treatment hasshown varied results.
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Tremor, chorea and other involuntary
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INTRODUCTION

Many of the neuromuscular diseases that become more common with
advancing age have signs and symptoms that include extraneous or
involuntary movement. Some have little impact on functional ability
whereas others can significantly compromise an older person's abil
ity to safely or efficiently accomplish functional tasks. In order to
select the most appropriate measures of impairment and function, and
to develop a plan of care that will enhance safety and function, reha
bilitation professionals need to be able to differentiate between the
possible causes, characteristics and management of the various
involuntary movements and dyskinesias that are encountered when
working with older adults. In this section, we define the most com
mon types of dyskinesia, present a scheme for classification of move
ment dysfunction and review the evidence (such as it is) for
examination and functional interventions in individuals who exhibit
involuntary movement.

DEFINITION OF TERMS

The word dyskinesia is used when extraneous or unintended motion
is routinely observed during postural and/or functional tasks.
Tremor is the most commonly occurring form of dyskinesia.
Dystonia (fixed abnormal postures) and myoclonus (recurrent
hyperactive deep-tendon responses to sudden changes in muscle
length) are common in diseases affecting the pyramidal (voluntary)
motor systems. Tremors at rest, writhing choreoathetosis and bal
lism suggest impairment in the extrapyramidal system at the level of
the basal ganglia. Tremors that increase in severity with movement

often indicate cerebellar dysfunction. Fasciculation, often mistaken
for tremor, occurs when there is an adverse drug reaction, or dener
vation, in which motor units are disconnected from their lower
motor neuron.

Tremor
Tremor is an involuntary movement characterized by a rhythmic
oscillation around a fixed axis, often congruent with the axis of
motion of the affected joint or joints. The frequency (period) and
waveform (timing, sequence of muscle activity) of a particular type
of tremor is remarkably consistent over time, although the ampli
tude of the tremor may vary with intraindividual factors (e.g. fatigue,
anxiety, stress) or extraindividual factors (e.g. ambient temperature,
alcohol or other substance use, environmental conditions or demands)
(Bhidayasiri 2(05).

Tremor appears to be the result of alternating contraction of
striatal muscles on either side of a joint. The underlying central nerv
ous system (CNS) mechanisms of tremor are not clearly understood;
there are several interactive factors that may contribute to the motor
expression of tremor:

• the oscillating tendencies of the mechanical systems of the joints
and muscles;

• short- and long-loop spinal cord and brainstem reflexes;
• closed-loop feedback systems of the higher motor centers, includ

ing the cerebellum.

Identifying when a tremor occurs is one strategy for classification:
tremor may occur only during movement, only when at rest, when
trying to maintain a relatively fixed posture, or under all these con
ditions. Physiological tremor is a 'normal' phenomenon that is usu
ally so mild that it cannot be easily observed at rest, but becomes
more obvious with increasing levels of stress or of fatigue. Most
other types of tremor indicate pathology within the CNS (Klein2005).
As in physiological tremor, the amplitude of most types of tremor
increases with higher levels of stress, anxiety or fatigue. Most tremors
decrease or disappear during periods of sleep.

Fasciculation
Fasciculation (pseudotremor) is a spontaneous, asynchronous contrac
tion of motor units that is often mistaken for tremor (Poolos 2001).
On careful observation, fasciculation presents as random twitching
rather than the rhythmic oscillating contraction seen in tremor.
Fasciculation may bethe result of an adverse drug reaction (e.g. exces
sive caffeine), electrolyte imbalance or sodium deficiency, muscle
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denervation, nerve root irritation (herniated intervertebral disk or
spondylosis) or disease of the anterior hom cell (polio, amyotrophic
lateral sclerosis). Fasciculation can sometimes be observed in periods
of extreme stress or fatigue, or following excessive strenuous exercise.

Myoclonus
Myoclonus (clonus) is a rhythmic involuntary movement that can
resemble tremor (Weiner & Lang 2005). Myoclonus occurs under
three circumstances:

1. as the expression of the hyperactive spinal cord-level stretch (deep
tendon) reflex related to pathology of the pyramidal system (e.g.
stroke, cerebral palsy, multiple sclerosis or spinal cord injury) or,
in some instances, occurring in 'normal' individuals who are very
anxious, stressed or fatigued;

2. during a partial or generalized seizure as a result of abnormal elec
trical activity of motor areas of the cerebral cortex;

3. less commonly, as a component of a familial, idiopathic or phys
iologically induced movement disorder.

Myoclonus associated with hyperactive stretch reflexes can be tran
sient (lasting for several beats) or sustained over a period of time (mim
icking tremor). It can be 'triggered' by rapid elongation of affected
muscles, as in deep-tendon reflex testing; rapid passive range of
motion; or during position change. The peripheral mechanism of
myoclonus is the same as that of the stretch reflex: annulospiral 'end
ings' around intrafusal fibers within the muscle spindle are stimulated
by elongation of muscle tissue. Information about change in length is
carried to the eNS via 1a afferent neurons in peripheral nerves. These
la neurons synapse directly with alpha-motor neurons in the anterior
hom of the spinal cord or motor cranial nerve nuclei. If stimulated suf
ficiently, alpha-motor neurons trigger the activation of the motor units
of the elongated extrafusal muscle. The resulting contraction elongates
the antagonistic muscles on the other side of the joint, triggering the
stretch reflex.On reflex testing, individuals with myoclonus are graded
as having a 4+ (several beats of clonus) or 5+ (sustained clonus) hyper
active reflex response. Many individuals with myoclonus associated
with pyramidal system dysfunction also exhibit a positive Babinski
response when the lateral plantar surface of the foot is stimulated (an
upward-pointing hallux with fanning of the second to the third toes).

Myoclonus observed during seizure activity may involve a single
limb segment (in a partial seizure of the opposite motor cortex) or
rhythmic jerking (in a generalized tonic-donie seizure of the entire cor
tex). The combination of altered consciousness and myoclonus differ
entiates the involuntary movement of seizures from tremor. An
electroencephalogram (EEG)recorded during either partial or general
ized seizure demonstrates abnormal electrical activity of the motor cor
tex, whereas EEG patterns in those with tremor are likely to be normal.

Hiccups and 'sleep starts' (nocturnal myoclonus) are examples of
physiologically triggered myoclonus. Movement-triggered myoclonus
has been reported during recovery from severe cerebral hypoxia or
ischemia following myocardial infarction or near drowning.
Myoclonus may occur as a component of uremic or hepatic
encephalopathy. Occasionally, myoclonus may be caused by drug
toxicity (e.g. penicillin, tricyclic antidepressant, L-dopa or toxins
such as strychnine). Benign essential myoclonus is a relatively rare
movement disorder.

Tics
Tics,or mimic spasms, are stereotypical and often complex movements
that can resemble myoclonus and tremor as well as the dance-like

involuntary movement of chorea (Adams 2001). Tics are often
observed as repetitive eye blinking, throat clearing, shoulder shrug
ging, arm gesturing or skipping while walking. Those who experi
ence tics will describe a sense of increasing muscle tension that can
only be relieved when the stereotypical movement occurs. Tics differ
from other types of involuntary movement in that they are some
what under voluntary control and can be suppressed for a length of
time. Idiopathic tics often occur for short periods of time, sometimes
in childhood, and may be associated with anxiety or other psycho
logical stress factors. Tics associated with Tourette's syndrome may
persist over the lifespan and include vocalizations (barking, grunt
ing, echolalia and repetitive swearing) as well as stereotypical facial
or extremity movement.

Dystonia
Dystonia is a movement disorder characterized by a sustained posi
tioning or a very slowly changing abnormal synergistic movement
(Alarcon et al 2004). It can affect one or more body segments, often
observed as tonic abnormal posturing in individuals with longstand
ing damage to the pyramidal motor system (e.g. 'dinner fork' hand
position or severe equinovarus after significant stroke or other
acquired brain injury, or spastic cerebral palsy). Dystonic positions are
described as 'unnatural'; they cannot be accurately mimicked or recre
ated volitionally. Individuals with dystonia associated with pyramidal
system dysfunction may alsoexhibit myoclonus and hypertonicity.

Some dystonias are idiopathic and may be familial (e.g. spastic tor
ticollis). Others occur only during one specific motor activity (e.g.
writer's cramp or laryngeal dystonia during public speaking). If
idiopathic torsion dystonia develops in later life, it most commonly
affects axial, facial or upper extremity muscles and may challenge
feeding, communication and other activities of daily living. Most
idiopathic dystonias are nonprogressive.

Symptomatic dystonias may be associated with damage to the
putamen nucleus of the basal ganglia in the forebrain resulting from
tumor, ischemia or infarct, or head injury. Dystonia may be one of
the signs of progressive degenerative diseases such as supranuclear
palsy, Huntington's disease, Wilson's disease or Parkinson's disease.
Dystonic postures emerge, along with the reappearance of tonic
hindbrain-moderated reflexes, in the end-stages of Alzheimer's
disease.

Medications used to manage dystonia and spasticity that impair
function include benzatropine mesylate (Cogentin), diazepam
(Valium), dantrolene (Dantrium), haloperidol (Haldol), baclofen
(Lioresal, Clofen), tizanidine hydrochloride (Zanaflex) and carba
mazepine (Tegretol) (Ciccone 2002, Gladson 2005). Severe dystonia
may be temporarily treated with injection of botulinum toxin.

Chorea
Chorea is a less common dyskinesia consisting of the random and
rapid involuntary contractions of muscle groups, mostly of the
extremities or face (Bhidayasiri & Truong 2004). Choreiform move
ments often occur bilaterally and symmetrically. Proximal and/or
distal muscle groups of the extremities may be affected. Typically,
muscles of the axial skeleton are not involved and so postural control
is not significantly compromised.

Chorea occurs when there is damage to the corpus striatum (basal
ganglia), especially the caudate nucleus. Some choreas are hereditary
(e.g, Huntington's disease), whereas others are a consequence of
another physiological disease or trauma. Choreic movement also
occurs with tardive dyskinesia, a complication of the long-term use of
certain neuroleptic drugs (e.g, in the management of schizophrenia)



or dopamine toxicity (e.g. in the management of Parkinson's dis
ease) (Caligiuri et al 2000).

Although the underlying mechanism of choreiform movement
has not been established, several models have been proposed.
Surviving neurons in a damaged or degenerating caudate nucleus
may become more sensitive to the neurotransmitter dopamine, ran
domly triggering fragments of motor patterns. Another model sug
gests that abnormal striatal activity may 'release' long-latency reflexes
that would otherwise suppress unwanted movement.

The quality of involuntary choreiform movement is often described
as graceful or dance-like. Individuals with chorea learn to blend their
involuntary movement with a purposeful movement in an attempt to
mask or minimize the unwanted movement (e.g.a choreic movement
of the arm over the head might be turned into smoothing of the hair).
As with tremor, choreiform movements become more obvious in
periods of stress and may disappear during sleep. Pseudochorea has
been reported in individuals with impairment of proprioception
resulting from multiple sclerosis and other diseases of the posterior
columns.

Athetosis
Athetosis is a continuous slow sinuous, and sometimes irregular,
writhing movement that occurs when there is unpredictable variation
in underlying muscle tone (from hypotonia/low tone to hypertonia/
spasticity) (Hallett 2(03). Athetosis is mostly observed when it
involves muscles of the extremities but it can also involve muscles of
the face and postural muscles of the trunk. It is typically bilateral and
symmetrical and may be associated with dystonic postures, chorea or
spasticity. Individuals with athetosis have difficulty sustaining posi
tions at rest and during volitional movement, which affects the effi
cacy of postural control when sitting and standing and during
transitional functional movement as well as during the skilled move
ment necessary for activities of daily living.

Athetosis occurs when there has been damage to the corpus stria
tum (caudate and putamen) in the basal ganglia, most often in chil
dren with perinatal ischemia and hypoxia or severe bilirubin toxicity.
Athetosis is the basal gangliar form of cerebral palsy and is diag
nosed in the first or second year of life. Although the severity of
athetosis does not change with maturity, function may become more
challenging in aging individuals with athetosis because of typical
age-related changes and increased incidence of musculoskeletal and
neuromuscular pathologies that are common in later life.

Ballismus
Ballismus (hemiballism) is a rarely occurring movement disorder
that is evident as a wild and forceful flinging movement affecting
proximal joints of the extremities on one side of the body (Aminoff
2003, Klein 2(05). Trunk and facial muscles are usually spared and
so bulbar functions (e.g. speaking, swallowing, breathing) are not
impaired. The movements of hemiballism are much more stereotypi
cal and disruptive than those seen in chorea. Hemiballism differs
from other dyskinesias in that these involuntary motions do not tend
to decrease in frequency or amplitude during periods of sleep.

Ballismus is thought to occur when there has been damage or dis
ruption to the subthalamic nuclei in the diencephalon. Alteration of
neural output from the subthalamus apparently 'releases' the activity
of the globus pallidus nuclei, which unleashes stereotypical syner
gistic movement of the limb girdle and extremity. It occurs most
often as the result of a 'lacunar' stroke of the lenticulostriate branches
of the middle cerebral artery, which damages the subthalamus deep
in one cerebral hemisphere. Haloperidol (Haldol) is often used to
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control unwanted and disruptive motion during the acute and early
rehabilitation phases of care, and to promote more effective sleeping.
Fortunately, hemiballistic movement tends to diminish in both ampli
tude and frequency in the weeks following a stroke.

Asterixis
Asterixis, an unusual and uncommon dyskinesia, occurs as a brief and
recurrent loss of postural tone in antigravity muscles of the extremi
ties and trunk (Aminoff 2(03). Asterixis is observed during neuro
logical examination, when the person being assessed exhibits
'flapping' of the hands when asked to hold their arms horizontally
with wrists extended against gravity. Asterixis may occur in individ
uals with hepatic, renal or human immunodeficiency virus (HIV)
encephalopathy; pulmonary failure; and malabsorption syndromes.
It has also been reported as a consequence of drug toxicity, during
anticonvulsant therapies and when there is a lesion interrupting
interconnections between the brainstem and thalamus.

Akathisia
Akathisia, often called restless leg syndrome, is a distressing subjec
tive sense of tension and discomfort of the limbs that is often associ
ated with agitation and a need to move around, but that is not
always relieved by movement (Weiner & Lang 2(05). Those with the
clinical diagnosis of akathisia report difficulty sitting or lying still
and a powerful urge to move. They may pace or rock in place and
often complain of difficulty sleeping. Akathisia can be idiopathic or
can be an extrapyramidal side effect of antipsychotic medication. It
may be the presenting symptom in someone who is developing tar
dive dyskinesia.

CLASSIFICATION AND DIFFERENTIAL
DIAGNOSIS OF TREMORS

Neurologists and therapists use a variety of subjective and observed
characteristics when examining the movement dysfunction of indi
viduals who experience tremor (Hallet 2003,Bhidayasiri 2(05). These
include when tremors occur, their waveform and amplitude, the body
segments affected by the tremor, whether there is a family history,
their responsiveness to medications and their association with addi
tional CNS signs and symptoms (Table33.1).

Because the frequency (period) of most tremors is remarkably sta
ble within and across individuals, one classification strategy focuses
on the frequency of the tremor as it typically occurs. This requires
electromyographic (EMG) recording or use of a sensitive accelerom
eter; tremor frequency cannot be reliably assessed by observation
alone. Amplitude of tremor is more variable, both within and among
individuals (e.g. becoming more pronounced under stressful condi
tions or with fatigue), and therefore is not a useful indicator of sever
ity of tremor.

A more common way to classify tremor is based on when the
tremor is observed. A resting tremor occurs in an otherwise relaxed or
inactive body part. Resting tremors are commonly observed in
individuals with Parkinson's disease (e.g. 'pill-rolling' tremor of the
hands) and may also be seen in those with normal pressure hydro
cephalus, heavy metal poisoning and neurosyphilis, or as a side effect
of the use of neuroleptic medications. A postural tremor occurs when a
body part (limb or trunk) is maintained in a sustained, often anti
gravity, position. Postural tremor is frequently a component of essen
tial tremor and may also be observed as senile tremor, Parkinson's
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Table 33.1 Comparison of classification strategies for tremor
------_._-----------------------------_._--

Type of tremor Frequency (cps) Behavior

Normal physiological 11-13 At rest

'Enhanced' physiological 8-12 Postural

7-11 Action

Essential 8-10 Postura I, action

Muscle fatigue 6 Action

Parkinsonian antagonists 5-7 Postural
4-5 At rest

Intention 3-5 Action, postural

BG, basal ganglia; VL, ventrolateral.

Mechanism/site of
pathology

Cardioballistic, passive
resonance of limb

Unknown

Occurs with stress, anxiety,
altered metabolic function

Possible interconnections
among inferiorolivary nucleus,
cerebellum and/or red nucleus

Unknown

Unknown
Imbalance in long-latency
reflex of 8G circuitand VL
nucleus of the thalamus

Cerebellar disease, damage
to dentate nucleus, superior
cerebellar peduncle or
red nucleus

Response of tremor
to medication

Increased with sympathetic activity

Increased with epinephrine, isoprenaline,
neuroleptics and l-dopa;decreased with
alcohol, beta blockers, benzodiazepines

Increased with isoprenaline, epinephrine,
neuroleptics, i-dopa: decreased with alcohol,
beta blockers, primidone, phenobarbitone,
benzodiazepines

Noeffect

Decreased with i-dopa,dopamine
Increased with physostigmine, isoprenaline,
epinephrine or neuroleptics; decreased with
anticholinergics, amantadine, alcohol

Often increased with alcohol or epinephrine;
may be decreased with choline or isoniazid

disease, hereditary motor and sensory neuropathy (Charcot
Marie-Tooth disease) and spastic torticollis. An action tremor (kinetic
tremor) occurs during volitional movement. In those with essential
tremor, the amplitude of an action tremor remains stable throughout
the excursion or performance of the movement. Action tremors that
worsen (increase in amplitude) during the trajectory of the movement,
especially as the movement goal is approached, are referred to as
intention tremors. Intention tremors are clinically evaluated using 'fin
ger-to-nose' or 'heel-to-shin' movement tasks. Intention tremors are
classic signs of cerebellar dysfunction.

Neurologists often evaluate the response to medication as a means
of confirming or clarifying the diagnosis of a movement disorder.
The amplitude of resting tremors often decreases when anticholiner
gic medications are administered. The amplitude of essential tremors
(whether action or postural) tends to diminish with consumption of
alcohol or administration of beta blockers. Cerebellar intention
tremors are unresponsive to pharmacological intervention and inten
sify with alcohol consumption.

Physiological tremor

A fine physiological tremor of 11-13 cycles per second (cps) can be
detected in healthy individuals on EMG; this is usually not observable
without instrumentation. Because this minimal amplitude physiologi
cal tremor is normal in all muscles of the body, it is observed during
movement and while holding antigravity positions. Factors that con
tribute to physiological tremor include the resonant properties of mus
culoskeletal structures; synchronization of agonist/antagonist motor
neuron activity coupled by afferent neurons from the muscle spindle;
and the cardioba11istic force of the heartbeat. Physiological tremor

affects all muscles of the body simultaneously whereas most patholog
ical tremors tend to affect selected body segments. The amplitude of
physiological tremor increases with any mechanism that triggers sym
pathetic nervous system activity (beta-adrenergic activity and cate
cholamine release) including stress, anxiety, fright, sleep deprivation,
alcohol ingestion, certain classes of cardiac medication, CNS stimu
lants, exercise and fatigue. The amplitude of physiological tremor
increases in hypoglycemia, thyrotoxicosis, alcohol and sedative with
drawal, carbon monoxide exposure and heavy metal poisoning. Toxic
levels of certain medications (lithium, bronchodilators, tricyclic antide
pressants) may also lead to tremor. Physiological tremor typically
becomes more difficult to detect with advancing age.

Essential tremor

Essential tremor can be observed as a postural and/or action tremor,
commonly affecting neck and axial muscles, expressed as a nodding
rotation of the head or an oscillating flexion/extension movement of
the trunk (Sullivan et al 2004). It may be apparent during upper
extremity tasks that require holding a fixed proximal position.
Involvement of the muscles of the larynx and pharynx may compro
mise phonation and swallowing. As an action tremor, essential
tremor may interfere with the efficiency of fine motor tasks such as
writing, grooming or bringing food on utensils toward the mouth.
The prevalence of essential tremor is estimated to be between 1%
and 7% in those over the age of 40 years. Essential tremor, although
considered 'benign' because it is not associated with progressive
neuropathology, can significantly interfere with functional activities
in older adults. There is often a temporary decrease in symptoms
(for approximately 30 min) after ingestion of alcohol. Except when



contraindicated by other concurrent conditions [e.g. congestive
heart failure, atrioventricular (AV) heart block, asthma, insulin
dependent diabetes], propranolol and other beta-blocker medica
tions are prescribed for long-term management when essential
tremor interferes with function. Sedatives, tranquilizers and anti
cholinergics have little impact on essential tremor. As many as 15%
of individuals with Parkinson's disease exhibit an action tremor that
is similar to essential tremor; however, this tremor is not responsive
to alcohol or beta-blocker medications.

Resting tremor
Tremorat rest that disappears with volitional movement is one of the
most common symptoms of Parkinson's disease and may also be
seen in other neurological conditions such as normal pressure hydro
cephalus, progressive supranuclear palsy and the cumulative
encephalopathy in those with repetitive head injury (lankovic &
Eduardo 2002, Krauss & Jankovic 2002). It most often involves oscil
lating supination/pronation of the forearm or lumbrical flexion/
extension of the thumb and fingers (e.g. 'pill-rolling' tremor).
Parkinsonian resting tremor has a relatively low period/frequency
when compared with other types of tremor. Although the underly
ing mechanism is unclear, it may be the result of compromised
nigraI-striatal function. Anticholinergic medications (e.g. tri
hexyphenidyl/Artane, benzatropine/Cogentin) are more effective in
reducing resting tremor than dopamine agonists or t-dopa, Surgical
ablation of the contralateral ventral lateral nucleus of the thalamus
has been used to reduce the amplitude of severe resting tremor.

Intention tremor
An intention tremor is a tremor that becomes obvious and often
exaggerated as the need for precise movement increases (also known
as rubral, cerebellar or 'course' tremor) (O'Suilleabhain & Dewey
2004, Weiner & Lang 2005).With intention tremor, there is oscillation
of increasing amplitude during voluntary movement, especially as
the movement draws to its conclusion. Intention tremor is one of the
symptoms of cerebellar dysfunction, especially if there has been
damage to the superior cerebellar peduncle because of diffuse
axonal injury, multiple sclerosis or infarction/ischemia in the mid
brain and upper pons. Because damage to these structures compro
mises the ongoing 'feedback' necessary for 'error control', intention
tremor is most apparent when fine skilled motor tasks are attempted.
In addition, intention tremor has been observed in alcohol, barbitu
rate or sedative intoxication and with high serum levels of some anti
convulsants (e.g. phenytoin/Dilantin and carbarnazepine/Tegretol).
Intention tremor affects both limb girdle musculature and the more
distal joints of the extremities. In very severe cases, there may be
observable postural tremor in addition to the classic disruption of
goal-oriented volitionalmovement. Individuals with intention tremor
may also exhibit other symptoms of cerebellar dysfunction including
nystagmus, hypotonia, dysmetria, movement decomposition and gait
ataxia. For reasons not well understood, the amplitude of cerebellar
intention tremor often decreases when the eyes are closed.

Neuropathic tremor
Tremor has also been observed in individuals with significant
peripheral neuropathy; however, the presentation of neuropathic
tremor is much less stereotypical than essential, resting and intention
tremors (Adams 2001, Bradley et al 2003). It is not well understood
how and why tremor occurs in individuals with neuropathy.
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Neuropathic tremor occurs in some, but not all, individuals with
longstanding diabetes, end-stage renal disease, chronic alcoholism,
hereditary sensory-motor neuropathy (Charcot-Marie-Tooth dis
ease) and infectious neuropathies such as acute Guillain-Barre syn
drome. Management of these tremors can be challenging because
many of the medications that are successful in controlling extrane
ous movement are not as effective in the presence of peripheral
neuropathy.

Post-traumatic tremor
Individuals of any age who have sustained a mild acquired brain
injury may develop an action tremor within 1-4 weeks of the trau
matic event, similar to essential tremor (Krauss & Jankovic 2002,
O'Suilleabhain & Dewey 2004). However, it is not possible to identify
a specific lesion by magnetic resonance imaging (MRI) or computed
tomography (Cf) scanning. This type of tremor is not particularly
responsive to the medications used to control essential tremor.
Often, the magnitude of this post-traumatic tremor decreases over
time; however, it may remain problematic for some individuals.
A delayed-onset post-traumatic tremor, evolving 12-18 months post
injury, has also been reported. Delayed-onset post-traumatic tremor
often persists for several years or longer.

Orthostatic tremor
In very rare circumstances, an older adult may experience a tremor
only during unsupported standing or during preparation for assum
ing a standing position. If the tremor is severe, it can interfere with
transitional movement (e.g. sit-to-stand) and with postural control
(Whitney et al 2003).Orthostatic tremor is usually perceived by the
individual as difficulty with stability (unsteadiness) while standing,
when not supported by an assistive device or other external support,
and is frequently associated with an increased fear of falling.
Orthostatic tremor has a higher frequency/faster period (14-18cps)
than most other tremors, although its amplitude tends to be small.
Orthostatic tremor does not respond to alcohol or propranolol, the
medications used to manage essential tremor, but does respond to
clonazeparn. Orthostatic tremor can significantlyaffect quality of life
and limit functional ability.

Senile tremor
The term senile tremor is used to describe a mild idiopathic move
ment disorder that develops in a small percentage of individuals
after the seventh decade of life (Louis et al 2(00). It is chronic in
nature, very slowly progressive, and is diagnosed when there is no
familial history of essential tremor. Most commonly, senile tremor
occurs as titubation or oscillation of the head and neck or mouth and
lips. Senile tremor, although observable and sometimes disconcert
ing to the individual, has minimal impact on functional ability.
Whether this is a distinct movement disorder or a variation of essen
tial tremor is open to debate.

Hysterical tremor
Hysterical tremor, also known as conversion disorder, is a psychi
atric condition that appears as involuntary movement, differing in
characteristics and consistency from action, intention or resting
tremors (Adams 2001,Aminoff 2003).Within an individual, hysteri
cal tremor may 'migrate' from one area of the body to another. Onset
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is typically abrupt whereas most other types of tremor are insidious.
The frequency and amplitude of hysterical tremor are inconsistent
and variable over time. In most other types of tremor, the amplitude
tends to increase when individuals are given competitive, anxiety
producing cognitive tasks (e.g. beginning at 100 and serially sub
tracting 7); in hysterical tremor, the amplitude tends to decrease (or
completely disappear) when attention is focused elsewhere.

CLASSIFICATION AND DIFFERENTIAL
DIAGNOSIS OF DYSKINETIC CONDITIONS

The other types of dyskinetic conditions that are encountered in
geriatric rehabilitation are most often associated with a long-term
disorder with which the individual has aged; however, some
medication-related movement disorders are newly diagnosed.

~untington's chore~ . ... _
Huntington's chorea is an autosomal dominant hereditary progres
sive disorder involving degeneration of the corpus striatum (Bradley
et aI2003, Hallett 2(03). The gene for Huntington's is located on the
short arm of chromosome 4. The first signs and symptoms of the dis
ease appear in midlife as restlessness, emotional lability, neurosis or
personality disorders. Over time, cognitive impairment becomes
more apparent and choreiform involuntary movement develops,
often impairing judgment, locomotion and mobility, speech produc
tion and swallowing. As the severity of symptoms increases, func
tional status deteriorates. Dystonia and rigidity may develop late in
the disease process. On CT or MRI, there is marked bilateral degener
ation of the caudate nucleus, enlargement of the anterior hom of the
lateral ventricles and cerebral atrophy. Treatment of Huntington's
disease is symptomatic; choreiform movement can sometimes be
managed with dopamine-blocking agents such as haloperidol,
respirine or tetrabenzanine. Individuals with Huntington's disease
may have to cope with their increasingly debilitating impairments for
10-25 years, until the disease takes their life.

Sydenham's chorea
-- ._- -- -- ---------------

This type of chorea appears insidiously, usually in childhood, after
recovery from rheumatic fever (Ianvas & Aminoff 1998). Sydenham's
chorea is characterized by a somewhat asymmetrical facial grimacing
and a rapid twitching movement of the trunk and proximal extremi
ties on one side of the body. It is often accompanied by emotional
lability, pervasive listlessness and hypertonia. There is some sugges
tion that those with a history of rheumatic fever and Sydenham's
chorea in childhood may be more likely to develop other movement
disorders later in life.

Wilson's disease
Wilson's disease is an autosomal recessive hereditary disorder of
copper metabolism, with a locus on chromosome 13 (Adams 2001,
Hallett 2003). If undetected early in life, Wilson's disease can be fatal.
Neurological symptoms of poorly managed Wilson's disease include
resting or postural tremor, chorea of the extremities, dystonia,
pseudobulbar palsy and cognitive dysfunction. The abnormal liver
function associated with Wilson's disease eventually leads to chronic
cirrhosis. Management with penicillamine, which effectively binds
copper, and careful diet can slow progression of the disease. Although
initial symptoms typically appear in adolescence and early adult
hood, presentation may first occur as late as 60 years of age.

Paroxysmal choreoathetosis
Paroxysmal choreoathetosis (also known as striatal epilepsy) presents
as jerking and writhing movements of the limb and trunk when an
individual is unexpectedly startled or disturbed (Adams 2(01).
Paroxysmal choreoathetosis most commonly occurs when there is
concurrent CNS pathology, e.g. multiple sclerosis. Individuals with
preexisting neurological dysfunction typically bring this condition
with them as they move into later life.

Familial choreoathetosis
---------_._------- ------- --

Familial choreoathetosis is a rare autosomal recessive hereditary
movement disorder that is relatively benign (Aminoff 2003). In this
condition, the individual experiences intermittent 'attacks' of jerking
and writhing choreoathetoid movement that are associated with peri
ods of physical exertion or ingestion of alcohol or caffeine.This is also
a lifelong condition that individuals bring with them into later life.

Senile chorea
Senile chorea is a late-appearing movement disorder that evolves in
the absence of psychotropic or dopamine therapy, Huntington's
chorea, dementia or familial movement disorders (janvas & Aminoff
1998, Poolos 2001). Also known as oral-facial-lingual dyskinesia,
senile tremor primarily affects the muscles of the mouth, tongue and
trunk. Although it affectsless than 1%of those between the ages of 50
and 59,the prevalence increases to as high as 7%in those over the age
of 70. It is important to differentiate the abnormal involuntary move
ments of senile chorea from the similar facialmovements that occur in
tardive dyskinesia and the lip and jaw movements commonly
observed in older individuals who have lost all of their teeth and are
no longer able to wear dentures.

Tourette's syndrome
----------

Tourette's syndrome is an idiopathic movement and behavioral dis
order that is characterized by multiple motor and vocal tics (Bradley
et al 2003, Hallett 2003). The behavior of those with Tourette's is
often described as bizarre and peculiar; many are initially misdiag
nosed with a psychiatric illness. Symptoms may occur initially in
childhood or adolescence and persist into adulthood and later life.
Initial motor tics typically involve the face and eyes, and may even
tually include vocalizations (repetitive grunts, barks, throat clearing,
cursing, echolalia). Repetitive motor tics of the extremities can
resemble chorea. Although the underlying mechanism of the disease
is not well understood, it is considered to be a disorder of the basal
ganglia that involves excessive levels of the transmitter dopamine.
Pharmacological intervention includes dopamine-blocking agents,
clonidine, haloperidol or pimozide.

Drug-induced movement disorders
Extrapyramidal dysfunction also occurs as the undesirable side
effect of psychotropic drugs and other medications (Caligiuri et al
2000,Lee et al 2005,Morgan & Sethi 2(05). Because drug metabolism
and excretion mechanisms become less efficient with aging, older
adults are more susceptible to drug toxicity and adverse drug reac
tions; the medications that older adults are prescribed may remain
physiologically active for longer periods of time, especially if dosage is
not adjusted for age and body composition (Ciccone 2002, Gladson
2005). Classes of medications associated with extrapyramidal side
effects are outlined in Table 33.2.
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Table 33.2 Medications associated with extrapyramidal side effects

Type of medication Symptoms

Psychotropic/neuroleptic Akathisia, pseudo-Parkinson's chorea,
tardive dyskinesia, acute dyskinetic
reaction

Antidepressants Chorea, athetosis, akathisia
Tremor, myoclonus, pseudo-Parkinson's

chorea

Stimulants Postural tremor, chorea

CNS depressants/sedatives Physiological intention tremor, chorea,
dystonia

Anticonvulsants Intention tremor, chorea, asterixis

Anti-Parkinson's medications Akathisia, chorea, dystonia

Other types of medication Tremor
Chorea, tremor
Chorea, dystonia, tremor
Tardive dyskinesia
Intention tremor, ataxia
Chorea

The psychotropic medications most likely to cause iatrogenic
extrapyramidal dysfunction include phenothiazines, respirine, ben
zodiazepines, thioxanthenes and butyrophenones. Tricyclic anti
depressants may have similar effects in some individuals. The
incidence of drug-induced movement problems in individuals using
neuroleptics for long-term management of psychiatric disorders
may be as high as 25%.Akathisia is often the initial indicator of iatro
genic extrapyramidal dysfunction, especially in those using medica
tions in the phenothiazine group. Over time, many susceptible
individuals develop a condition that mimics Parkinson's disease,
including hypokinesia, rigidity, stooped and flexed upright posture,
shuffling gait and balance impairment.

An acute dyskinetic reaction occurs within days of initiation of
therapy with medications such as phenothiazines, butyrophenones,
tricylicantidepressants, phenytoin, carbamazepine, propranolol and
certain calcium-channel blockers. Although this is more common in
young adults, it can occur in older adults as well. The relatively sud
den onset of choreiform movement of the face, head and neck, or
limbs can be frightening but typically resolves as the offending med
ication is withdrawn.

Tardive dyskinesia is the most severe form of medication-related
extrapyramidal movement dysfunction, typically developing 3-12
months into the use of dopamine antagonists (Paulson 2(05).
Individuals who develop tardive dyskinesia demonstrate involun
tary rhythmic choreoathetoid movements of the face, mouth and
tongue (e.g. repeated tongue thrusts, lip smacking, sucking, grimac
ing, blinking). Some may also experience chorea of the extremities
and dystonia (e.g. torticollis, occulogyric crisis, opisthotonos). These
extrapyramidal signs may develop slowly and progressively worsen
until the precipitating medication is reduced in dosage or discontin
ued; sometimes, symptoms of tardive dyskinesia persist even after
the medication is discontinued. If the medication that triggers
tardive dyskinesia cannot be discontinued, mild extrapyramidal

Examples

Phenothiazines (chlorpromazine, triflupromaxine, fluphenazine,
perphenazine, trifluoperazine, pericyazine, promazine, mesoridazine);
thioxanthenes (thiothizene, chlorprothixene); butyrophenones (droperidol,
haloperidol); dibenzapines (Ioxapine); diphenylbutylpiperidines; indolones
(molindone); many sleeping medications

Tricyclic antidepressants, mono-oxide inhibitors
Lithium carbonate, amoxapine

Amphetamines, methadone, methylphenidate, fenfluramine; caffeine,
cocaine

Alcohol; diazepam

Phenytoin, valproic acid, carbamazepine; phenobarbital, clonazepam

Amantadine, bromocrlptine, l-dopa

Bronchodilators (theophylline, doxapram); hypoglycemics; corticosteroids
Gastrointestinal medications (cimetadine, terfenadine)
Antiarrhythmic medications (propranolol, tocainide)
Antiemetic medications (prochlorperazine, thiethylperazine, promethazine)
Cyclosporin A
Estrogen/oral contraceptives

symptoms can be managed with anti-Parkinson's medication or ben
zodiazepines. Severe cases of tardive dyskinesia may need to be
managed with dopamine-blocking agents, which themselves carry
the risk of orthostatic hypotension.

Certain other medications also carry a risk of extrapyramidal side
effects. It is not uncommon for individuals taking t-dopa for the long
term management of Parkinson's disease to develop choreic move
ments of the face, tongue and (less commonly) lower extremities (Elble
2(02).The severity of symptoms is dosage related, fluctuating with the
levels of circulating t-dopa. Although more frequent administration of
smaller doses may reduce the chorea, the disabling bradykinesia and
gait disturbance typical of Parkinson's may intensify.

Chorea is an infrequent side effectofanticonvulsant medications such
as phenytoin and carbamazepine. If chorea develops, the triggering
medication should be withdrawn, even if blood levels are within the
therapeutic range. The onset of choreiform movement is one of the
many signs of lithium toxicity. Certain CNS stimulants (e.g. ampheta
mines, methylphenidate) may also induce oral-facial choreiform
movement.

REHABILITATION INTERVENTIONS FOR
INDIVIDUALS WITH TREMOR AND DYSKINESIA

Although rehabilitation professionals working in geriatric health
care settings are likely to encounter older individuals who have
'aged' with a concurrent movement disorder (e.g. choreoathetoid
cerebral palsy) or have developed dyskinesia associated with a
pathology that is more prevalent in later life (e.g.dystonia after stroke,
Parkinson's disease), the evidence in the clinical research literature
regarding the impact of nonpharmacological and nonsurgical inter
ventions on tremor and other dyskinesias is incomplete. The most
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compelling evidence is that exercise aimed at preserving or improv
ing cardiovascular fitness, strength and flexibility enhances the func
tional status of individuals coping with movement disorders by
reducing the risk of deconditioning and physical compromise asso
ciated with inactivity and a sedentary lifestyle (Bilodeau et al 2000,
Reuter 2002, Bilney et al 2003, Robichaud Ie Corcos 2005,Zesiewicz
et al 2005). The use of resting or tone-inhibiting splints and positions
may behelpful in slowing secondary musculoslceletal complications
(such as severe contracture) in individuals with dystonia. Certainly,
functional assessment and training with assistive devices is well
warranted to address limitations in mobility, locomotion and activities
of daily living in individuals with various types of tremor, dystonia,
chorea or athetosis (Guide to Physical Therapist Practice 20(3). The
evidence regarding the usefulness of cuff weights during functional
activities such as feeding (theoretically providing more intense pro
prioceptive information to the cerebellum) in individuals with inten
tion tremor is conflicting (Meshack Ie Norman 20(2). Periodic
reassessment and adjustment of fitness/wellness activities is espe
cially important for those with progressive CNS disorders. In addi
tion, pathologies that result in movement disordersoften increase the
daily physiological (caloric) demand, while at the same time compro
mising swallowing, coughing and other bulbar functions. Referral to
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INTRODUCTION

Disorders of the peripheral nerves are common in the elderly and
are likely to have a significant impact on the rehabilitation plan.
Generalized peripheral polyneuropathies are regularly encountered.
It is estimated that 18% of Caucasian Americans and 26% of
African-Americans older than 60 have diabetes mellitus; half of
these individuals have peripheral neuropathy (PN).Therefore,approx
imately 10% of Americans over 60 have PN as a result of diabetes
and another 10%have PN as a result of other causes, which results
in a prevalence of about 20% in the older American population
(Richardson & Ashton-Miller 1996).The prevalence of PN in older
Americans requiring rehabilitation is undoubtedly much higher.
Recognizing a generalized peripheral polyneuropathy and the func
tional limitations associated with it is important and necessary if a
patient is to be successfully rehabilitated. This chapter provides the
rehabilitation clinician with knowledge that will allow the recogni
tion and treatment of a functionally significant generalized PN.

RECOGNIZING A GENERALIZED PERIPHERAL
NEUROPATHY

PNs can be characterized by the type of nerve fibers affected, whether
they affect the nerve axon or myelin and the distribution of affected
nerves. The majority of PNs are diffuse and symmetrical in distribu
tion;however, asymmetrical or multifocal neuropathies can be seen in
many vasculitic disorders (Craig & Richardson 2(03). Neuropathies
affecting predominantly small fibers, somatic or autonomic, can be
difficult to diagnose as they can present with profound neuropathic
pain but have relatively normal physical and electrodiagnostic exami
nations (Hoitsma et al 2004).

If it is understood that the longer the peripheral nerve, the more
greatly it is affected by neuropathic processes, then the signs and
symptoms of PN make intuitive sense. Because lower extremities are
longer than upper extremities and because sensory nerves are longer
than motor nerves (as a result of the former's intraspinal dendritic
processes), distal lower extremity sensory function is the first and
most severely affected in diffuse PN, followed by distal lower
extremity motor function, distal upper extremity sensory function
and distal upper extremity motor function. Additionally, nerves that
are vulnerable to compressive neuropathies, such as the median and
peroneal nerves, may be more susceptible to injury in patients
already compromised by PN.

Patients are extremely variable with regard to their insight into PN
and so historical features are variable as well. Many patients are
acutely aware of their numbness and pain whereas others complain
of vague sensory abnormalities such as walking on pillows or sim
ply note that they must be more careful in performing activities
requiring balance. When pain or numbness is apparent to the patient,
the symptoms are most marked in the forefoot and then lessen proxi
mally.In the upper extremity, symptoms may not occur or may occur
in the fingertips only or the hand and distal forearm, depending upon
the severity of disease. A typical distribution of nerve dysfunction is
demonstrated in Figure 34.1. Motor symptoms are usually not noted
but, with severe disease, foot-drop and lessening of hand dexterity
may develop. Balance problems that are consistent with PN include
difficultyclimbing stairs without a railing. Patients often note the insid
ious onset of the need to touch something while walking, particu
larly if the floor surface is irregular or the lighting is low. In
small-fiber neuropathies, autonomic symptoms may be present
including increased or decreased sweating, dry eyes, erectile dys
function and changes in skin temperature. Clinically significant
orthostatic hypotension may be seen in the setting of small-fiber neu
ropathy associated with diabetes and amyloidosis, which is of particu
lar concern in older populations given the association between
postural hypotension and falls.

On examination, there is loss of sensory function in a distal-to-prox
imal gradient. This is best noted with a 128-Hz tuning fork maximally
struck and placed at the base of the great toe, the malleolus and the
tibial tuberosity. Accuracy of the test may be improved by first famil
iarizing the patient with the vibratory stimulus at the clavicle. The
examiner should record the number of seconds the patients feels the
buzz at each level. The test can also be carried out on the upper
extremity by placing the tuning fork at the base of the second finger,
the distal radius and the olecranon. In the presence of PN, the num
ber of seconds that the patient feels the vibration increases proxi
mally in the extremities affected. If the patient is able to perceive the
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Table 34.1 Clinical detection of functionally significant
peripheral neuropathy

Test or condition

Vibratory sense
(128-Hz tuning fork)

Foot deformities,
calluses

Heel jerk

Position sense
at greattoe

Unipedal stance
(three attempts
on foot of choice)

With peripheral
neuropathy

Obvious gradient

Vibration felt at
malleolus for
<5-10s

Present

Absent

<8 of 10correct
responses

:e::5s on each
attempt

Without peripheral
neuropathy

Minimalor no
gradient

Vibration felt at
metatarsophalangeal
joint for >10s

Absent

Present

~8 of 10correct
responses

~10son one of three
attempts

Figure 34.1 The typical distribution of sensory loss and, to a lesser
extent, weakness in a patient with mild to moderate peripheral
neuropathy.
(From Richardson Et Ashton-Miller 1996, with permission from Vendome
Group, llC.)

maximally struck tuning fork for 10s or more at the base of the great
toe, PN is absent; if a similar patient perceives the same vibration for
less than lOs at the malleolus, PN is likely to be present. Light touch
(using a 1O-g monofilament) and pinprick sensation can also be used
and they produce a similar sensory gradient. In the rare patient with
small-fiber neuropathy, pinprick sensation may be diminished
whereas vibratory sensation is relatively spared.

Muscle stretch reflexes are also lost in a distal-to-proximal gradi
ent. Loss of Achilles tendon reflexes is almost uniform in PN; patel
lar tendon and internal hamstring reflexes are progressively less
affected. Achilles tendon reflexes can be obtained either by direct
percussion of the tendon or by using the plantar strike technique,
which may be more reliably obtained in the older population.
Proprioception is also affected in functionally significant PN, partic
ularly at the great toe. The inability to correctly identify at least 8-10
small (approximately 1em) great toe movements by a noncuing
examiner has been correlated with decreased ankle inversion/eversion
proprioception (Vanden Bosch et al 1995). Absence of Achilles ten
don reflex, with or without facilitation, the inability to perceive at
least 8-10 great toe movements and the loss of vibratory sensation
within 8 s are predictive of electrodiagnostically confirmed PN in
older populations (Richardson 2002).

The intrinsic musculature of the foot is commonly atrophied in
PN, which causes changes in foot architecture such that the metatar
sophalangeal joints are extended and the interphalangeal joints are
flexed ('hammer toes'). Toes move minimally or only in a stiff gross
manner. In mild to moderate PN, ankle muscle strength may be more
sensitively tested by performing 10--15 resistance maneuvers. In

From Richardson JK, Ashton-Miller JA1996~ripheral nerve dysfunction and falls
inthe elderly. Postgrad Med 99:169, with permission from Vendome Group, llC.

more advanced or severe PN, anterior compartment muscles and,
less commonly, posterior calf muscles can atrophy. Usually, by the
time these lower extremity changes have occurred, the intrinsic mus
cles of the hand have begun to weaken and atrophy. Skin lesions or
breakdown can be seen in an insensate foot with a predilection for
the heel and metatarsal heads. Gross motor function is also affected.
Patients may have a positive Romberg's sign in that they are stable
when standing with feet together and eyes open but not stable if the
eyes are dosed, which suggests a deficit in somatosensory input and
excessive reliance upon vision for balance. A positive Romberg's
sign suggests that the PN is relatively severe; however, many patients
with functionally significant PN demonstrate a negative Romberg's
sign. A more sensitive test of balance impairment secondary to PN is
the assessment of unipedal stance time. If the patient can balance on
one foot for lOs or more (the best of three tries on the foot of choice),
functionally significant PN is not likely to be present. If the patient
can balance on one foot for only 3-4s or less, then the PN is function
ally significant. It should be noted that the unipedal stance test is not
used to identify PN, but rather to determine the extent of loss of bal
ance caused by the PN once it has been identified by the other ele
ments of the clinical examination. In the upper extremity, a patient
with functionally significant PN can be identified by the inability to
fasten buttons without seeing them (the 'upper extremity Romberg's
sign'). Table 34.1 lists the clinical characteristics of a patient with
functionally significant PN.

Few other diseases mimic PN. Lumbar stenosis, which is common
in older populations, can present in a similar fashion, with gradual
onset numbness and weakness in the distal lower extremities.
However, symptoms of lumbar stenosis increase with prolonged
standing and walking and improve with sitting or lying down. There
is usually some accompanying back pain as well. This contrasts with
painful PN, in which the pain is similar at all times or worse at night.
On examination, the patient with lumbar stenosis does not usually
demonstrate the symmetrical gradient of sensory loss that is found in
the PN patient. If there is motor involvement, the patient with lumbar
stenosis is likely to have asymmetrical weakness and weakness that
commonly involves the gluteal as well as the distal musculature. In



contrast, the patient with PN has symmetrical weakness that is
always most severe distally and improves proximally.

THE FUNCTIONAL RAMIFICATIONS OF
NEUROPATHY

PN has a clear impact on the functioning of the older patient in rehabil
itation. Two studies have demonstrated that patients with isolated
PN are about 20 times more likely to fall than patients without PN
(Richardson et a11992, Richardson & Hurvitz 1995).The subjects in
these studies had PN but no other functionally relevant diagnoses and
were all community ambulators without assistive devices. PN will
undoubtedly have an equal or greater impact on the functioning of
rehabilitation patients who have accompanying diagnoses and
worse baseline functioning.

Other studies comparing matched older patients with and with
out PN have demonstrated that PN subjects have impaired ankle
proprioception (Vanden Bosch et aI1995) and a decreased ability to
maintain a unipedal stance (Richardson et al 1996). The difficulty
that PN subjects had with unipedal stance was present regardless of
whether the subjects performed the task with preparation time or
immediately upon command, with no preparation. This somewhat
surprising finding suggests that patients with PN simply cannot do
tasks requiring reliable unipedal stance, even if they take their time
and are prepared. Therefore, climbing stairs without a support or
dressing while standing will always be a challenge, even if done in a
calm and leisurely fashion. The other study demonstrated that ankle
inversion/eversion proprioceptive thresholds in subjects with PN
were about 1.5degrees but only 0.3 degrees in age- and sex-matched
control subjects without PN. The 1.5 degrees of motion at the ankle
allows the body's center of mass to travel to the edge of the patient's
base of support during unipedal stance without them perceiving the
change. As a result, the ability to maintain unipedal stance reliably is
impaired.

The inability of the older PN patient to rapidly develop ankle
strength contributes to gait dysfunction and the inability to maintain
unipedal stance and recover from postural challenges; this is despite
clinically normal ankle strength measured by manual muscle testing
in patients with mild to moderate PN. In testing of ability to recover
from lateral lean, subjects with PN were unable to rapidly develop
the torque around the ankle that was necessary to recover (Guitierrez
et al 2(01). Patients with PN are therefore doubly penalized when
their center of gravity is perturbed, as they require a greater excur
sion to perceive the loss of balance and they lack the ability to quickly
generate the muscular torque to compensate, in spite of normal gross
strength.

Clinical observation suggests that PN patients rarely fall in opti
mal environments, i.e. environments that are familiar to the patient
and have good lighting and smooth level surfaces. However, irregu
lar surfaces are often a cause of falls; they were found to underlie
nearly 80% of the falls in a prospective study of 20 older PN subjects
(DeMott et al 2(06). Moreover, an increased step-time variability
among the older PN subjects in the challenging, but not the standard,
environment was associated with falls retrospectively (Richardson et
al 20(5) and prospectively (Guitierrez et al 2(01). Similarly, the dif
ference in gait parameters between patients with PN and those with
out PN is accentuated in a challenging environment (dim lighting
and irregular surface). Specifically, in adapting to the challenging
environment, the PN patients demonstrated greater increases in step
width-step length ratio and step-time variability,and greater decreases
in step length and speed than control subjects. These alterations in
gait on an irregular surface have implications for endurance as the
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altered pattern is less efficient, and for community mobility, where
the maintenance of speed on an irregular surface may be critical, for
example when crossing a street. In summary, irregular surfaces appear
to be a source of falls in older subjects, and gait analysis of PN
patients on such surfaces appears to offer improved resolution for
the detection of gait abnormalities and a predisposition to fall.

In the older rehabilitation patient, PN is rarely isolated as in the
research subjects described above; therefore, PN exacerbates the clin
ically obvious impairments already present. For example, if a patient
with PN has hemiparesis or an above-knee amputation as the pri
mary rehabilitation diagnosis, then the patient's ability to use the
'good' lower extremity is also impaired. If the PN is not recognized,
unrealistic expectations or caregiver confusion over difficulty with
progression to certain goals develop. Patients with disruption of the
other systems that help to maintain balance - the visual and the
vestibular systems - have even greater difficulty staying upright if
PN is present. Patients with ataxia from cerebellar or vestibular dys
function and patients with visual or visual-spatial dysfunction have
even worse problems when their clinical situation is complicated by
PN. The early recognition of PN in such patients allows for the for
mulation of reasonable goals and an early start to the learning
process that enables patients to compensate for PN.

TREATING THE PATIENT WITH PERIPHERAL
NEUROPATHY

?

If PN is identified or suspected clinically, should it be further investi
gated? The answer depends on the circumstances. Some of the more
common causes of PN are shown in Box34.1.A number of them, for
example alcohol abuse, diabetes mellitus, chronic obstructive pul
monary disease (COPD) and critical-eare illness, are quite common in
the older population. The identification of PN in a patient with any of
these disorders, particularly if it has had a gradual onset, does not nec
essarily mean further investigation is necessary. On the other hand, if
PN develops in a patient with no risk factors or it develops in any
patient and exhibits a relatively rapid progression, the case deserves
further investigation. PN can be the representing manifestation of
many treatable systemic diseases. Making that distinction on clinical
grounds is challenging; clues to a demyelinating PN are early loss of

Box 34.1 Common causes of a generalized peripheral
polyneuropathy In older IndiViduals

• Alcohol abuse
• Chronic obstructive pulmonary disease
• Diabetes mellitus
• Monoclonal gammopathy (benign or malignant)
• Neoplasm (especially leukemia, lymphoma)
• Past or long-term use of certain drugs including

nitrofurantoin macrocrystals (Macrodantin), phenytoin
(Dilantin), lithium,gold compounds, vincristine sulfate
(Oncovin, Vincasar PF5), isoniazid, ethambutol HCI
(Myambutol), disulfiram (Antabuse)

• Renal disease
• Thyroid disease
• Use of antiarrhythmic drugs [amiodarone HCI (Cordarone)]
• Vitamin B12deficiency
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all reflexes with relative preservation of muscle mass, whereas clues to
an axonal PN are maintenance of proximal reflexes and a relatively
greater muscle atrophy distally. In general, axonal PN is associated
with metabolic disorders or toxins, and demyelinating PN is associ
ated with immune processes that are, at times, related to malignancy.
Neuropathies that present with asymmetrical involvement should
raise suspicion for autoimmune or vasculitic disorders.

The most important aspect of treatment, in terms of the functional
impact of PN, is education. The patient and the patient's family must
understand the nature of the disorder - that the patient has lost a spe
cial sense in the distal lower (and sometimes upper) extremities. They
must further understand that, as a result of this lost Special sense, the
patient's balance is impaired and compensatory techniques will be
necessary to avoid an increased risk of falls.

Visual input must be maximized to compensate for the impaired
somatosensory input. Vision should be tested and, if it is impaired,
referral to the appropriate health professional is indicated. Equally
important, the patient must be taught to use proper lighting. This is
particularly significant at night during trips to the bathroom; the
temptation to avoid putting on glasses and to leave the lights off so
as not to disturb other household members as they sleep must be
avoided.

A patient with PN should use proper footwear. The shoes that are
best for balance have a wide base of support and thin soles. Thick
crepe soles or the heavily cushioned soles of athletic shoes should be
avoided. If significant foot deformity exists, custom orthotics, possi
bly in association with extra-depth shoes to accommodate the foot
deformity, should be prescribed. Sometimes, a patient with poor bal
ance finds plastic ankle-foot orthoses that are custom molded to be of
benefit; however, care must be taken when fitting them to avoid the
initiation of a foot wound. Patients and their families must be edu
cated on the importance of regular skin inspections of insensate areas.

A patient with balance impairment as a result of PN should use
support when walking. The use of a cane for stabilization in patients
with PN has been studied (Ashton-Miller et al 1996). Subjects were
asked to transfer onto an unsteady surface that tilted during mid
transfer and maintain 3s of unipedal balance (Fig. 34.2). Under such
circumstances, the PN subjects failed to maintain their balance with
out a cane about 50% of the time but succeeded with a cane about
96% of the time. It has been further demonstrated that, to obtain max
imal benefit from a cane in preventing a fall, patients must be able to
support approximately 25% of their body weight with the cane. The
patient should be instructed to place the cane down with each con
tralateral footstep to assist in preventing falls away from the cane as
well as towards it. Patient and family are often reluctant to accept the
use of a cane. Acceptance and compliance may be greater if they are
told that the cane is a substitute, like glasses or a hearing aid, for a
special sense that has been lost and is a way to prevent falls, not a
sign of infirmity. The patient also complies better if the cane is used
as needed and not all the time. A patient can usually be free of the
cane when the lighting is good and the walking surface is firm, flat
and familiar. Other interventions can also improve gait parameters
and decrease the risk of falls, particularly on irregular surfaces.
These include the use of ankle orthoses (AD) with medial and lateral
supports and the use of a firm vertical surface for support. All three
interventions have been shown to improve step-width variability,
which suggests improved medial/lateral stability, and decreased
step-width range (Richardson et al2004). The use of the AD and the
vertical wall also improved step-time variability, which has been
prospectively associated with falls (Hausdorff et al2oo1). Only the
use of a cane was associated with decreased walking speed. Advan
tages of the use of ADs over a cane include the availability of both
upper extremities and better walking speed; the disadvantage of an
AD is the possibility of skin breakdown.

Inversion/eversion are shown
forthe right foot

Figure 34.2 The apparatus developed byDr. JA Ashton-Miller to
assess the ability of subjects to transfer onto an unstable surface
and maintain balance on one foot. with and without vision and/or
a cane. This apparatus is also able to help determine ankle
inversion/eversion proprioceptive thresholds in subjects with and
without PN.
(AfterVanden Bosch et al 1995, with permission from WB Saunders.)

There is no evidence that physical training prevents falls in cases
of PN; however, a study of a specific exercise program showed that
improvements were made in clinical measures of balance (Richardson
et al 2001). Subjects with electrodiagnostically confirmed PN were
given a series of exercises including bipedal and unipedal toe and
heel raises and inversion/eversion exercises; wall slides; unipedal
balance exercises; and open chain ankle range-of-motion exercises.
In a relatively short period of time, improvements were seen in tan
dem stance, functional reach and unipedal stance time. Whether
these interventions translate to a decreased risk of falls is not proven
but, if a patient is interested and motivated, these exercises are sim
ple to teach and well tolerated. Patients with inadequate upper
extremity strength should work with grip, shoulder depression and
elbow extension so that 25% of their body weight can be supported
with a cane if necessary. Strengthening exercises of the hip abductors
and abdominal musculature can improve trunk and hip stability and
are recommended.

Pain can be a significant problem for a patient with PN, particu
larly at night. A trial of the topical medication capsaicin is indicated
if the patient has the intellectual capacity and manual dexterity to
apply it correctly. Although it is cumbersome to use because it must
be applied 3-4 times per day and it can make symptoms worse at
first, capsaicin has the distinct advantage of causing no systemic side
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effects, a particularly important point in a debilitated older patient. 
If the painful area is fairly discrete, a transdermal lidoderm patch 
can be applied. Other options include a low dosage of one of the tri- 
cyclic antidepressants with low anticholinergic effects, for example 
10-50 mg of nortryptyline before bed. Other agents include anticon- 
vulsants, such as carbamazepine (Tegretol), phenytoin (Dilantin) and 
gabapentin (Neurontin); however, the side effects of these drugs limit 
their use in an older population. Newer medications that have Food 
and Drug Administration (FDA)-labeled indications for neuropathic 
pain include duloxetine (Cymbalta) and pregabalin (Lyrica). Transcu- 
taneous electrical nerve stimulation (TENS) can be helpful and, like 
capsaicin, it has the advantage of producing no systemic side effects. 
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INTRODUCTION

Localized peripheral neuropathies are even more common than gener
alized neuropathies and the two often coincide . Because a diffusely
diseased peripheral nervous system is less able to recover from a
mechanical insult than a healthy peripheral nervous system, it is a clin
ical rule that a patient with generalized peripheral neuropathy is
at an increased risk for specific discrete neuropathies. In addition,
mechanical insults are particularly common in the rehabilitation set
ting as patients learn alternative strategies for self-care and mobility.
Such strategies often involve stressing intact musculoskeletal regions
to compensate for regions that are impaired, which increases the risk of
nerve trauma in the intact regions . For example, more than 50% of
wheelchair athletes have carpal tunnel syndrome (Cl'S) (Burnham &
Steadward 1994). Obviously, early recognition, prevention and, when
necessary, treatment of these specific neuropathies are critical for the
prevention of further impairment and disability in older patients.

Unfortunately, localized or regional neuropathies are often a par
ticular challenge for the healthcare practitioner (Fuller 2(03). The dif
ficulty in diagnosing such problems stems from the fact that even the
most articulate patient often has trouble describing the onset, loca
tion, quality, and aggravating and alleviating factors of neuropathic
pain. Such patients commonly have severe pain but few motor signs
to help localize the lesions. Conversely, a patient who has Significant
weakness because of a peripheral nerve disorder often has few sen
sory complaints , which can also obscure the diagnosis. However, the
proper diagnosis and treatment of these local or regional peripheral
neuropathies are often critical to the patient's rehabilitation.
Furthermore, some rehabilitative strategies, such as assistive devices
and orthotics, are often the cause of peripheral neurological disor
ders or delayed healing. Finally, peripheral neurological disorders,
even when benign, can cause patients and families significant anxi
ety because they worry that the symptoms represent the progression
of a previously existing neurological disease or a new, potentially

malignant, entity. Therefore, although it may be challenging at times
to obtain, a clear understanding of a patient's peripheral neurologi
cal status is of great benefit to the patient and the healthcare
practitioner.

In organizing this chapter, the authors considered Simply enumer
ating peripheral neurological disorders by anatomical region . The dif
ficulty with this approach is that a patient does not tell a healthcare
practitioner about an ' ulnar mononeuropathy at the elbow' or 'an L5
radiculopathy on the left'. Rather, a patient mentions a numb hand or
a foot that drops. Therefore, this chapter will be organized around
typical (and nonspecific) symptoms and complaints. The potentially
responsible focal neuropathy will be identified for each symptom. The
details of clinical presentation and approach to each potentially
responsible focal neuropathy will also be discussed.

NUMB HAND

Hand numbness and pain are extremely common complaints. Usually,
one of the three nerves that serves the hand distally - the median,
radial or ulnar nerves - is at fault. Hand numbness is also a possible
presentation of a more proximal process such as a radiculopathy or
plexopathy.

Median nerve compression
Although classic median nerve compression at the wrist (CfS) involves
the second and third digits (the palmar cutaneous branch to the
thenar eminence often branches off proximal to the carpal tunnel),
the patient often senses that the 'whole hand is numb'. Examination
should focus on sensation in the median distribution (avoiding the
thumb). Pinprick sensitivity should be determined by first pricking a
noninvolved area and then comparing the sensitivity between sides.
Ask, 'If this (the normal side) is 100 percent, how much is this (the
affected side)?' It is important not to ask the patient to indicate
whether the sensation is sharp or dull because the sharp sensation is
often maintained, even in the presence of a clinically significant local
ized or generalized neuropathy. An additional clue is the presence of
Tinel's sign, tingling that radiates from the percussedmedian nerve at
the site of entrapment. The site of entrapment is more distal than is
often perceived, approximately 1-2cm beyond the distal wrist crease.
This is the area that should be percussed (Fig. 35.1) (Stewart 1993).
Phalen's sign, in which the wrists are held in flexed positions for
3Q--60s by pushing the dorsa of the hands together in front of the
chest, is often used in examination; however, it is overly sensitive
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Figure 35.1 The site of compression of the median nerve at the
wrist.Note the palmar cutaneous branch taking off proximal to the
site of compression.
(From Stewart JD 1993 Focal Peripheral Neuropathies, 2nd edn, Raven Press,
New York, p 158, with permission fromLippincott Williams Et Wilkins.)

because pain of a nature other than that caused by CTS is often
elicited. A particularly misleading 'positive' Phalen's test occurs
when the hands turn numb because of the stretching of compressed
ulnar nerves across the flexed elbows rather than because of median
nerve compression at the wrist. Attention should also be paid to the
muscles in the hand that are served by the median nerve, those of the
thenar eminence. An obvious difference in bulk and strength suggests
significant axonal damage to the median nerve and a prolonged, often
incomplete, recovery, even with surgical decompression. It is impor
tant for the examiner to test the strength of the patient's thumb abduc
tors by opposing them with their own.

Treatment

Treatment requires decreasing the pressure within the carpal tunnel.
The pressure in the canal is increased in positions of hyperflexion or
hyperextension. Avoidance of wrist extension and gripping is particu
larly difficult for those who use assistive devices such as walkers and
canes. The temporary use of forearm platforms rather than hand grips
on assistive devices lessens the pressure on the median nerve without
compromising mobility and safety. The use of a splint, which prevents
flexion and extension, particularly at night when a patient's tendency
is to sleep with the wrist flexed or extended, is recommended. A
patient who routinely uses a sliding board is also at risk. Using
splints during transfers may allow continued function without repet
itively compressing the median nerve. Local steroid injections may
offer relief for those who do not respond to conservative measures.
Injections have been shown to be superior to surgical decompression
at 3 months, with significant clinical improvement in both nocturnal

Figure 35.2 The vulnerability of the ulnar nerve to compressive or
stretching forces at the elbow is obvious.
(From Kincaid JC 1983 Minimonograph no.31: The Electrodiagnosis of Ulnar
Neuropathy at the Elbow. American Association of Electrodiagnostic
Medicine, Rochester, MN,with permission.)

and diurnal symptoms and functional impairment. Two injections are
usually required, administered 2 weeks apart (Ly-Pen et al2005).

Ulnar nerve compression
The second most common cause of hand numbness is ulnar nerve com
pression. This occurs most commonly at the elbow. Decreasedpinprick
response in the ulnar distribution (the fourth and fifth digits), hand
intrinsic muscle wasting and a positive Tinel's sign over the ulnar
nerve at the elbow are common findings. When severe, hand-intrinsic
wasting leads to a characteristic hand position of hyperextension at the
metacarpophalangeal joints and flexion at the interphalangeal joints.
The interossei of the hands should be tested against the interossei of the
examiner's hands so that a true estimation of strength is possible. This
is similar to the testing of the thumb abductors in CTS.

Cause and treatment

The cause of an ulnar neuropathy in an older patient is usually com
pression at the elbow within the groove between the olecranon and the
medial epicondyle, or the stretching of the nerve from a prolonged
hyperflexed elbow position (Fig. 35.2) (Kincaid 1983).The latter often
occurs while a patient sleeps on one side holding the hand against the
neck and chest. Compression commonly occurs in wheelchair users as
forearms and elbows rest on wheelchair arms. Men are more likely to
develop ulnar mononeuropathies at the elbow (UME) and older age
is associated with greater risk, whereas, in women, lower body mass
index is a more significant risk factor. This suggests that external com
pression may be more of a significant factor in the development of
UME in women than in men. Treatment is best accomplished by pro
tecting the elbow with an elastic pad, such as those often used by
athletes. The pad can be maintained posteriorly during the day to
prevent compression and anteriorly during sleep to prevent hyper
flexion. If these measures are not successful, ulnar transposition sur
gery can be performed to remove the nerve from its usual position
over a bony prominence. Compression of the ulnar nerve at the wrist
is far less common but may occur with direct compression over the
wrist and hypothenar eminence. This can be caused by the use of an
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Figure 35.3 The superficial radial nerve in the forearm and the radial nerve as it
wraps around the humerus are vulnerable to compressive forces.
(From Lotem M, Fried A,Levy M 1971 Radial palsy following muscular effort: a nerve compression
syndrome possibly related to a fibrousarch of the lateral head of the triceps. J Bone Joint Surg Br
53B:5OO-506, with permission from British Editorial Society of Bone and Joint Surgery.)

assistive device, such as a walker or cane, or with wheelchair propul
sion (Richardson et aI2(01).

Radial nerve involvement
One of the pitfalls in the treatment of crs is the development of a
radial sensory neuropathy of the distal forearm (Fig. 35.3) (Lotem et al
1971). In this situation, the splint compresses the superficial radial
nerve over the distal and radial aspects of the forearm. The only clini
cal consequence is sensory loss as there is no radial motor function in
the hand-intrinsic musculature. The numbness that was initially attrib
uted to crs persists in the second and third digits of the hand despite
the splint. At this point, however, the numbness involves the dorsum
of the hand rather than the palmar aspect, but the patient may not
recognize or report this subtle change. Decreased pinprick and light
touch sensation in the radial nerve distribution is noted on examina
tion and, usually, a Tinel's sign can be noted with gentle percussion
over the superficial radial nerve in the distal forearm. The CTS signs
may coexist or may have resolved. Treatment should consist of dis
continuing (if the CTS is resolved) or modifying the splint to relieve
the compression of the nerve.

The radial nerve can also be affected proximally. This occurs most
commonly following a humeral fracture after a fall by an osteo
porotic patient but it can also occur after a prolonged compression of
the posterolateral humerus (see Fig. 35.3). When the radial nerve is
injured proximally, the hand numbness in the radial distribution is
accompanied by weakness of the brachioradialis muscle and the

wrist and digit extensors (Fuller 2(03). At times, the nerve is not
injured acutely at the time of fracture but becomes compressed by
bony callus as the fracture heals. This pattern of injury would be
most evident to the patient's rehabilitation team. Dynamic orthotics
can substitute for some of the extensor functions of the digits until the
return of neurological function.

Brachial plexopathy
Another cause of hand numbness that is seen in the older population
is an injury to the brachial plexus (see Fig. 35.4). Common causes
include trauma, tumors and remote effects from radiation, most
commonly to the chest and axilla during treatment for breast or lung
cancer. Motor vehicle accidents typically affect the upper trunk; the
patient's head is laterally flexed and the shoulders depressed. Such
patients experience weakness in the humeral rotators and abductors
and the elbow flexors, with numbness involving the lateral aspect of
the arm and the first and second digits of the hand more than the
fifth. Trauma after surgery usually results from the upper extremity
being abducted and externally rotated, which leads to excessive
stretching of the lower trunk of the plexus. This results in weakness
of the hand-intrinsic musculature and to numbness in the fourth and
fifth digits (Fig. 35.4) (Wilbourn 1982).

Tumors - metastatic, recurrent or primary - can cause plexopathy.
The two most common tumors to affect the plexus are those of the
lung and breast. Classically, these tumors cause shoulder pain and a
predominantly lower trunk plexopathy with numbness along the
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Figure 35.4 The lower trunk of the brachial plexus supplies the
hand-intrinsic musculature and supplies sensation to the medial
(ulnar) aspect of the forearm and hand; the upper trunk supplies the
shoulder musculature and elbow flexors, givingsensation to the
lateral aspect of the forearm and hand.
(From Wilbourn A 1982 Case Report nO.7: True Neurogenic Thoracic Outlet
Syndrome. American Association of Electrodiagnostic Medicine, Rochester.
MN.with permission.)

medial aspect of the forearm and hand weakness. Except for
Pancoast's syndrome, a carcinoma involving the apex of the lung, it
is rare for the brachial plexopathy to be the first manifestation of the
tumor. Finally, exposure of the upper chest or shoulder to radiation,
for example in lymphoma and breast or lung cancer, can lead to plex
opathy. Plexopathy does not occur in every patient who has received
radiation therapy, but the likelihood increases with higher doses.
Symptoms and signs of plexopathy can occur anywhere from a few
months to several years after the completion of radiation therapy.
Although it has been suggested that pain and lower trunk involve
ment are more commonly caused by recurrence of the tumor and
upper trunk involvement by radiation effects, it is not possible to
distinguish the two based on clinical grounds and a more extensive
investigation is indicated.

Regardless of cause, brachial plexopathies that are primarily
demyelinating in nature can improve rapidly and leave a fully func
tionallimb. Plexopathies that are associated with significant axon loss
typically improve slowly and the patient is usually left with some
residual weakness and sensory loss. Atrophy is an important clinical
clue to significant axon loss; electrodiagnostic studies can determine
much more precisely the degree and distribution of axon loss, thus
assisting the rehabilitation clinician with prognosis.

Cervical radiculopathy
Radiculopathy can be a cause of hand numbness in the older patient
(Fuller 2003). Although C7 is the most common level affected by
acute disk herniations, C5 and C6 are the levels most commonly
affected by chronic degenerative changes and are therefore the most
commonly affected in the older population.

With a cervical radiculopathy at this level, the patient experiences
numbness over the lateral aspect of the forearm and the first and

second digits. Weakness occurs predominantly in the humeral rota
tors and elbow flexors. In a C7 radiculopathy, the third digit feels
numb and the elbow extensors and shoulder depressors are weak.
With lower cervical radiculopathies (C8 and Tl), the fourth and fifth
digits are numb and weakness is most prominent in the hand-intrin
sic musculature. Atrophy, weakness and decreased reflexes in the
proper distribution are clues to the presence of a radiculopathy. In
addition, if compression of the nerve roots by simultaneously extend
ing, laterally flexing and rotating the head to the symptomatic side
increases upper extremity symptoms and pain (Spurling's sign),
radiculopathy is likely. Extension of the neck should be undertaken
cautiously in the older patient with vascular or degenerative disease.
The addition of axial compression of the head to the above maneu
vers, as is often advocated in the Spurling's test, should be avoided
in the older patient undergoing rehabilitation. Electrodiagnostic
studies should be obtained to assist with specific diagnoses, prog
nostication and treatment.

Radiculopathies and plexopathies have functional ramifications.
Upper plexopathies and high cervical radiculopathies lead to shoulder
weakness; this weakness, in turn, predisposes the patient to rotator
cuff tendinopathies and impingement. This is particularly true if the
extremity is used regularly or is overused, for example during
ambulation with a cane or walker. If possible, the extremity should
not be used to assist with mobility skills. If this is not possible, the use
of a platform rather than a standard cane or walker may behelpful, as
these allow the shoulder to bear weight with less internal rotation. C7
radiculopathies cause weakness of shoulder depressors and elbow
extensors. As a result, the extremity is much less effective during
transfers. It can still assist with ambulation but less effectively; the
patient may benefit from a shortening of the cane so that the elbow can
lock when the cane is placed on the ground. Lower trunk plex
opathies and C8/Tl radiculopathies result in hand and finger weak
ness. Assistive devices can still be used effectively but compensation
for the weakened grip may have to be made. Activities of daily liv
ing (ADLs) that require fine motor function become very difficult
and adaptive techniques are usually necessary.

Stenosis and myelopathy
It should be noted that the same cervical degenerative processes that
cause upper extremity radiculopathies in older patients can cause
cervical stenosis and resultant myelopathy (Malcolm 2002); this is
particularly true following a fall or motor vehicle accident when the
spinal cord is 'shaken' against a narrowed irregular cervical spinal canal.
Such patients have weak atrophied upper extremities and minimally
atrophied, often spastic, lower extremities; these changes are sometimes
associated with bowel or bladder dysfunction. Muscle stretch reflexes
give the best clinical clues. Depressed reflexes in the upper extremi
ties associated with hyperactive reflexes and extensor plantar
(Babinski) responses in the lower extremities suggest a cervical
myelopathy. If this syndrome is suspected, then appropriate imaging
studies and neurosurgical consultation are indicated.

FOOT-DROP

Foot-drop, or dorsiflexor weakness, is a common observation or com
plaint in the older population. Both upper motor neuron dysfunction
leading to equinovarus posturing and lower motor neuron dysfunc
tion can cause functionally significant foot-drop. This section focuses
on the latter. The common areas of peripheral nerve compression
that lead to foot-drop are demonstrated in Figure 35.5 (Stewart 1993).



Figure 35.5 The common sites of compression or trauma that lead
to foot-drop.
(From Stewart JD 1993 Focal Peripheral Neuropathies, 2ndedn. Raven Press,
New York, p 355, with permission from Lippincott Williams Et Wilkins.)

Common peroneal neuropathy
-------------

Probably the most frequent cause of foot-drop is a common peroneal
neuropathy at the fibular head. Older patients in rehabilitation have
many risk factors for such a lesion. Common peroneal neuropathy
typically occurs in patients with prolonged hospitalization, weight
loss, knee replacement surgery, plaster casts and fractures of the
fibular head or neck (Fuller 2003). Weakness occurs in the ankle dor
siflexors and evertors. Numbness and decreased sensation are pres
ent along the anterolateral calf and dorsum of the foot. At times,
Tinel's sign can be found over the peroneal nerve just inferior and
posterior to the fibular head. Significant wasting of the musculature
of the anterior and lateral compartments suggests significant axon
loss and a prolonged or incomplete recovery. Electrodiagnostic stud
it'S can further clarify both diagnosis and prognosis. Treatment
should protect the peroneal nerve from further mechanical trauma.
Weighl gain and careful positioning in bed to prevent knee hyperflex
ion and pressure over the area are helpful. As the patient becomes
ambulatory, it is imperative that the ankle-foot orthosis prescribed
to compensate for the foot-drop does not prolong it by putting pres
sure on the peroneal nerve adjacent to the fibular head.

localized peripheral neuropathies 223

Deep peroneal neuropathy
Less commonly, foot-drop can be caused by a deep peroneal neu
ropathy. The common peroneal nerve divides into the superficial
and deep branches just distal to the fibular head. The deep branch
provides innervation of the anterior compartment muscles, which
are the ankle dorsiflexors and toe extensors, plus sensation to a small
space between the dorsal aspects of the first and second toes. Lesions
to the deep peroneal nerve are commonly caused by anterior
compartment syndromes that result from high pressure within the
anterior compartment caused by tissue trauma, tibial fracture or hem
orrhage. Compartment syndromes are usually handled surgically in
the acute care setting. The deep peroneal nerve is not influenced by
external compression forces or positioning and so little can be done in
the rehabilitation setting to influence the course of recovery, either
positively or negatively. It is important to follow the guidelines men
tioned above for the common peroneal nerve so that a lesion more
proximal to the peroneal nerve does not develop.

L5 radiculopathy
Another cause of foot-drop is a low lumbar (usually LS) radiculopa
thy (Fuller 2(03). This can develop as the result of an acute disk her
niation, which is uncommon in older populations, or more gradually
as the result of degenerative changes. Such patients usually have a
long history of low back pain with or without leg pain. It should be
kept in mind that tumor can be a cause of back pain and radiculopa
thy, especially in patients over 50. Clinical clues that suggest a malig
nant cause of back pain and radiculopathy include an age greater
than SO, insidious onset, pain for more than 1 month and a history of
any kind of cancer. Worsening pain at night is almost universal in
patients with a malignant cause of back pain, but it also occurs com
monly in benign causes of back pain. As a result, the absence of night
pain is reassuring and suggests that the source of pain is not malig
nant, but the presence of night pain is less diagnostically helpful.

L5 radiculopathy can be differentiated clinically from a lesion at
the fibular head by a variety of clinical findings. A patient with an LS
radiculopathy usually has the following: weakness in the hip abduc
tors and knee flexors; loss of an internal hamstring reflex on the
affected side; a positive straight-leg raising sign (straight-leg raising
causes pain or dysesthesia in the anterolateral calf and dorsum of the
foot); and absence of Tinel's sign at the fibular head. If the cause of
the radiculopathy is not known, appropriate imaging studies should
be performed. If the cause is benign, electrodiagnostic studies can
provide prognostic information. As the patient begins to ambulate, it
is important to use an orthosis to accommodate the foot-drop and
also to support the weakened gluteal musculature by using a cane in
the opposite hand. This helps to avoid a trochanteric bursitis on the
affected side and difficulty during the swing phase of gait on the
contralateral side.

Sciatic neuropathy
Despite the fact that the sciatic nerve contains fibers that give rise to
both the tibial and peroneal nerves, a sciatic neuropathy can cause foot
drop. The reason for this is that the peroneal division of the sciatic
nerve lies in a more lateral and superficial position as it travels through
the buttock and proximal posterior thigh and is thus more vulnerable
to external forces. Although in such instances, foot-drop, or dorsiflex
ion weakness, is the predominant finding, close examination usually
suggests that there is some degree of tibial division involvement as
demonstrated by a decreased ankle muscle stretch reflex or plantar
flexor weakness or both. In addition, sensation commonly decreases in
both the peroneal and tibial distributions (Fuller 2(03). Risk factors for
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sciatic neuropathies in older patients include hip surgery, repeated
intramuscular injections in the hip, cachexia, malpositioning (hips
flexed for too long, lying supine on an operating-room table) and a his
tory of trauma to the hip or pelvis. Avoiding pressure over the poste
rior thigh and buttock, such as that caused by sitting on a ledge, and
avoiding a prolonged time either supine or with hips flexed are impor
tant to allow healing. Ankle-foot orthotics are important functionally
but must be carefully fitted to prevent the development of a more dis
tal peroneal neuropathy at the fibular head or a foot wound.

lumbosacral plexopathy
Several disorders that are common among older patients can affect the
lumbosacral plexus which, in tum, can cause foot-drop. These include
radiation exposure, proximal diabetic neuropathy and retroperitoneal
disorders such as hematomas, aortic aneurysms, malignancies and
abscesses. Radiation plexopathy does not occur in the lumbar region as
frequently as it does in the cervical region. When it does occur, symp
toms develop a few months to several years after the radiation therapy
and are associated with relatively painless weakness. Proximal diabetic
neuropathy typically causes symptoms in the thigh and hip although
more distal involvement is possible and will be discussed in a later sec
tion (see under Diabetic neuropathy). Retroperitoneal hematomas can
occur in any anticoagulated patient; the resultant neurological compro
mise is usually related to hemorrhage into the psoas muscle. Usually,
the thigh muscles are more affected than the distal muscles. Postural
lightheadedness or weakness is often associated with retroperitoneal
hemorrhages as large amounts of blood can be lost from the intravascu
lar space into such lesions.

Several tumors that are common among older populations occur
in the retroperitoneal area and lead to plexopathy. These include lym
phoma and carcinomas of the prostate, bladder, kidney, cervix and
colon. In 15% of cases, the initial manifestation of retroperitoneal
tumors is lumbosacral plexopathy. Sensory and motor symptoms
develop, as does pain.

All of these diagnoses have serious ramifications. If foot-drop
develops and there are also proximal signs or symptoms suggestive of
a plexopathy (weakness of the knee extensors, hip flexors and
abductors and numbness proximal to the knee), proper diagnostic
studies should be carried out as soon as possible. This typically
involves investigation of the area with magnetic resonance imaging
(MRI) or computed tomography (CT) and electrodiagnostic studies.

THIGH NUMBNESS OR WEAKNESS

Thigh numbness or weakness is a common problem in the older
patient involved in rehabilitation. If there is no numbness and the
complaints are bilateral, a muscular cause such as disuse or a meta
bolic myopathy is the likely underlying cause. This section focuses
on patients who have associated numbness or unilateral symptoms.

Meralgia paresthetica
--- ----------------------
One of the most benign and common causes of thigh numbness is
entrapment of the lateral femoral cutaneous nerve, often referred to as
meralgia paresthetica (Fuller 2(03). This nerve is purely sensory and
often gets entrapped between an external force and the inguinalliga
ment or anterior superior iliac spin, as shown in Figure 35.6 (Smorto &
Basmajian 1979).The nerve then travels distally, supplying the anterior
and lateral thigh. Entrapment can occur because of belts or restraints
and commonly occurs because of thoracolumbosacral orthoses
(TLSOs). Anxiety often develops in patients with TLSOs when meralgia
paresthetica develops, as well as in their families and healthcare

providers, as there is a natural concern that spinal instability is devel
oping along with progressive neurological compromise. Patients can
be reassured if the numbness is just over the anterior and lateral aspects
of the thigh, and the knee muscle stretch reflex and quadriceps muscle
bulk are maintained. Further confirmatory evidence is sometimes
available if Tinel's sign is found when the skin just medial and inferior
to the anterior superior iliac spine is percussed. If the diagnosis is clear,
no further studies are needed; although electrodiagnostic evaluation
can rule out other diagnoses, it is surprisingly ineffective in confirming
the presence of meralgia paresthetica and is generally not indicated.

The natural history of meralgia paresthetica is spontaneous reso
lution. If present, tightness of the rectus femoris and iliotibial band
muscle tendon complexes should be corrected and this correction
can help to hasten improvement. Avoiding compression medial to
the anterior superior iliac spine will prevent the prolongation of the
syndrome. If symptoms become severe or longlasting, injection with
local anesthetics and corticosteroids may be helpful; surgical treat
ment is also efficacious.

Upper lumbar radiculopathy
Thigh numbness and weakness resulting from an upper lumbar
radiculopathy are more common among older than younger
patients. One of the reasons is that as patients age, the L4/L5 and
LS/Sl disks degenerate, decreasing movement at these interspaces.
As motion and stress increase in the upper lumbar segments, disk
displacement, injury and degenerative changes become more likely.
An upper level (L2, L3 or L4) radiculopathy may result. The patient
experiences unilateral knee weakness and numbness of the anterior
and medial thigh. On examination, there is evidence of muscle wast
ing, which can be subtle and is best found by looking for side-to-side
differences in vastus medialis oblique mass or measuring circumfer
ences IDcm above the superior pole of the patellae. Other findings
include decreased sensation over the anterior and medial thigh and a
reverse straight-leg raising sign. This occurs when the patient experi
ences dysesthetic pain into the anterior thigh while lying prone and
having the thigh passively extended by the examiner at the same
time as maintaining knee flexion at about 90 degrees. The side-lying
position can beused as well if care is taken that lumbosacral motion is
not substituted for true hip extension. Imaging studies are indicated
in older patients to rule out malignant causes of radiculopathy. If the
patient does not improve, electrodiagnostic studies are indicated to
provide information concerning the location and severity of the lesion.

Retroperitoneal and femoral neuropathy
Thigh numbness and weakness can result from any of the retroperi
toneal processes described in the section on foot-drop. As is true for
foot-drop, a careful examination usually demonstrates abnormalities
of reflex, sensation or strength in the gluteals or leg muscles and in
the thigh, which leads the examiner to suspect a plexopathy. In anti
coagulated patients, however, an isolated femoral neuropathy can
develop because of a hematoma in the iliacus muscle. (The close rela
tionship between the iliopsoas musculature and the femoral nerve can
be seen in Fig. 35.6.) The patient keeps the lower extremity flexed at
the hip and bruising may be seen in the proximal thigh. Loss of patel
lar reflex and knee extension strength on the affected side are usually
present; sensory loss may be less remarkable and occurs over the ante
rior or lateral thigh and medial knee and leg.

Diabetic neuropathy
Proximal diabetic neuropathy (also known by other terms including
diabetic amyotrophy, diabetic polyradiculopathy, diabetic radiculoplex
opathy) is included in this section as the major clinical manifestation



Figure 35.6 The lateral femoral cutaneous nerve is at riskfor
compression medial to the anterior iliac spine, whereas the femoral
nerve is vulnerable to compression by hematoma and other
retroperitoneal processes.
(Redrawn from Smorto MP, Basmajian JV 1979 Clinical Electroneurography:
An Introduction to Conduction Testing, 2ndedn. Williams Et Wilkins,
Baltimore, MD, p 59, with permission from Lippincott Williams Et Wilkins.)
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often involves the thigh. However, it should be recognized that proxi
mal diabetic neuropathy may involve multiple roots or multiple lesions
at the level of the lumbosacral plexus. Commonly, the patient experi
ences the abrupt or subacute onset of pain in the hip and thigh. Lower
extremity weakness soon develops and has a predilection for the ante
rior thigh musculature. The pain usually diminishes as the weakness
develops, and the weakness is often accompanied by dramatic weight
loss. Often, the pain and weight loss lead to a search for neoplasm. Most
patients have evidence of a generalized polyneuropathy at the onset of
the proximal diabetic neuropathy. Similarly,most patients are known to
have diabetes when proximal diabetic neuropathy develops but it can
be the presenting manifestation of diabetes (Polydefkis et al 2(03).
Symptoms are usually bilateral but often so asymmetric that the less
affected side is not functionally impaired.

Although there is no clear way to influence the recovery of the
nerves from the presumed metabolic or vascular insult associated
with proximal diabetic neuropathy, it makes good clinical sense to
maximize the patient's neuromuscular anabolism by optimizing
glycemic control and instituting a graded therapeutic exercise regi
men. Joint protection with orthotics, particularly to stabilize the knee,
is often indicated. Careful education of patient and family to prevent
falls is critical, as the majority of these patients have peripheral neu
ropathy as well as marked proximal weakness. Pain control can be
difficult. Tricyclicantidepressants (preferably with low anticholinergic
side effects), anticonvulsants, capsaicin and transcutaneous electrical
nerve stimulation (TENS) units may be helpful. Pain lessens after the
first few weeks or months and strength returns slowly over a period
of 6-18 months. A full recovery occurs in slightly less than 50% of
patients, but most have sufficient recovery to develop functional
mobility skills. When the patient walks again it is important to avoid
superimposed compression neuropathies as described above; the
median, ulnar and peroneal nerves are at particular risk.

CONCLUSION

Localized peripheral neuropathies are common complaints; they
manifest as numbness, weakness and radicular pain. The common
causes of these clinical problems have been discussed for upper and
lower extremities. Accurate diagnosis is crucial for prognosis and
effective treatment, which is aimed at reducing compression or
entrapment; educating the patient and family; teaching the proper
use of protective equipment, orthotics or assistive devices; prevent
ing further injury; controlling pain; and restoring function.
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INCIDENCE

Primary tumors of the central nervous system have an annual inci
dence rate of between 4.8 and 20 per 100000 population; on average,
this results in 18500 new cases and 12760 deaths annually in the US
(jernal et al 2(05). Between 2000 and 2002, the rates were similar in
Canada and Israel for men, and for both genders in New Zealand, Spain
and the UK. Deaths in women were less frequent in Canada (4.4%),
Israel (3.4%) and Japan (1.1%) (Cancer MondiaI2006).

The actual age incidence is bimodal, with an early peak in infancy
and childhood and another more sustained peak in the fifth to eighth
decades. In adults, primary brain cancer is the 13th most frequent of
all cancers. Because brain tumors affect the organ of intellect, humanity
and function, they evoke powerful emotional and psychosocial sen
timents. Contemporary neurooncology stresses some of the more hope
ful clinical features of these tumors. Approximately 50% of patients
with primary brain tumors are now successfully treated, many with an
excellent long-term prognosis (Thapar & Laws 1995). Older patients
may be treated suboptimally, as comorbidity and age discrimination
may influence the treatment choices (Basso et al 2003, Brandes &
Monfardini 2003).

Some very unique therapeutic considerations govern the diagno
sis and management of tumors in the central nervous system, where
the distinction between benign and malignant histology is not an
absolute concept. A benign tumor of the brain will be just as lethal if
it recurs and is surgically ineradicable as one that is similarly located
but frankly malignant in histology. The brain lacks a defined lymphatic
drainage system; this, in conjunction with the fact that brain neoplasms
rarely, if ever, metastasize outside the central nervous system, gives
these tumors special significance (Thapar & Laws 1995). Tumors can
be locally progressive and invasive, compressing structures from their
own substance. Cerebral edema, especially in metastatic lesions, com
plicates the clinical picture and may be responsible, in part, for the
symptomatology that is observed.

The exact pathophysiology and etiological features of most brain
tumors remain obscure, despite the fact that, in small discrete groups

of subpatients, a genetic predilection to brain tumor development
has been identified. There is an increased incidence in patients with
neurofibromatosis; familiar clustering has been observed (Blatt et al
1986, Brandes & Monfardini 2(03). Other syndromes carrying an
increased incidence of brain tumor development are uncommon, which
means that the vast majority of brain tumors arise, or appear to arise,
spontaneously. However, the fact that as many as 7% of patients with
primary brain tumors have a blood relative with a history of brain
tumor is intriguing and demands further study (Thapar & Laws 1995).
Although there is currently scant evidence supporting a viral etiology
of brain tumors, the concept cannot be completely ignored, consider
ing the relationship between cerebral lymphomas and the Epstein-Barr
virus (O'Neil & Illig 1989).

Results of studies implicating environmental carcinogens in brain
tumor etiology and development have been conflicting. There are
some questionable positive statistical associations between brain tumor
occurrence and working in the rubber, petrochemical and farming
industries. Much work remains to be done regarding the etiology and
pathogenesis of brain tumors. This chapter will concentrate on pri
mary and secondary tumors of the brain. Tumors of the spinal cord and
pituitary gland are excluded; they are much less common than pri
mary or secondary brain tumors, although they are just as important
clinically for those elderly individuals who develop them.

CLINICAL RELEVANCE

Brain tumors are classified on the basis of both cellular origin and
histological grade. Tumor location, independent of tumor pathology,
may be a critical factor governing therapy and prognosis (Taphoom
et al 2(05). Although neurons themselves have an extreme tissue
density in the central nervous system, they have no reproductive capa
bilities and, therefore, are rarely the cause of tumors. Glial cells, on the
other hand, have tremendous replicative ability and are the most com
mon cell of origin of central nervous system tumors and account for
more than half of all primary brain tumors. Tumors may also arise from
the meninges, choroid plexus, blood vessels and primitive embryonal
cells. Primary lymphomas of the brain, once uncommon and account
ing for only 1-2% of brain tumors, have seen an appreciable rise in
incidence in the last two decades, partly because they tend to occur
in patients with acquired immunodeficiency syndrome (AIDS), trans
plant recipients and those who are immunocompromised.

The astrocytomas, graded from I to IV depending on their differ
entiation and degree of malignancy, are the most common tumors seen
by healthcare practitioners. The glioblastoma multiforme is a grade
IV astrocytoma, characterized by cellular atypia, high mitotic activity,
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florid endothelial proliferation and necrosis. These tumors are the
classical type that can kill a patient in less than 6 months. They most
often occur in patients between 45 and 65 years of age, which is
somewhat later than lower grade gliomas (Thapar & Laws 1995).
Oligodendrogliomas comprise 30% of brain tumors and are charac
terized by a somewhat earlier age of occurrence, slow growth, calci
fication and indolent course; however, they are still seen in the elderly
population. Meningiomas make up approximately 20% of brain
tumors, have a 3:1 female-male ratio, occur more commonly in
elderly individuals and carry a good prognosis with surgical
removal. Regardless of tumor type, tumor recurrence after surgical
removal is common and the tumors typically recur with a higher
grade pathology, rendering difficult treatment decisions.

The brain has a surprisingly good tolerance for the compressive
and infiltrative effects of an expanding cranial lesion but, in time, all
tumors produce symptoms via several mechanisms: increased intracra
nial pressure, compression or destruction of brain tissue or cranial
nerves and local electrochemical instability, which results in seizures
(Thapar & Laws 1995). Headache occurs in 30% of patients at diag
nosis, and 70% will have headache during the course of the disease.
Papilledema, increased intraoptic pressure, occurs in 50-70% of patients
and is often detected early. Seizures are the presenting symptom in
about one-third of patients and will occur in 50-70% of patients dur
ing the disease course.

Tumors in subcortical areas tend to be less epileptogenic. Altered
mental status occurs in about 15-20% of cases; this is more commonly
caused by tumors of the frontal lobe. Focal neurological signs are
characterized by gradual and progressive loss of neurological
function - this is especially important when the frontoparietal lobe is
involved; hemiparesis and loss of sensation are of interest to rehabil
itation clinicians. Tumors of the temporal lobe often cause seizure
activity whereas tumors of the occipital lobe, uncommon in comparison
to other brain areas, cause homonymous hemianopsia. Tumors of the
cerebellum cause headaches, vertigo, ataxia, akinesia, and nausea and
vomiting, all symptoms that can profoundly affect function. Many
tumors cause considerable brain edema and this increased swelling
may result in false localizing signs.

Computed axial tomography (CAT)scans and magnetic resonance
imaging (MRI)have revolutionized the diagnosis of brain tumors. The
former will detect 90% or more of tumors whereas the latter provides
much greater anatomical detail and resolution in multiple planes,
and is particularly useful in visualizing the skull base, brainstem and
posterior cranial fossa. Cerebral angiography is rarely indicated, per
haps only when excessive vascularity is anticipated in surgery; how
ever, outlining the blood supply of a brain tumor preoperatively can
be of help to the surgeon in the planning approach and technique,
especially in areas affording limited accessibility,

Metastatic complications of cancer are an escalating clinical prob
lem, with brain metastases occurring in 20% of patients with cancer.
Lung and breast tumors are the most common primary tumors, fol
lowed by renal cell carcinoma and melanoma (PatcheI1991). Although
usually occurring late in the clinical course of a malignancy, brain
metastases are being seen earlier in some cancers, particularly lung
carcinoma, where it is not uncommon to present with brain metas
tases as the first symptom of cancer. Tumors are more common in the
frontal ~d parietal lobes because of the extensive vascular territory
of the middle cerebral artery. Multiple metastatic lesions, many of
them subclinical, are present in over one-half of cases. Solitary brain
lesions may present a diagnostic problem in the face of an unknown
primary tumor; histological confirmation may be necessary. Unlike
primary brain tumors, the evolution of symptoms in brain metas
tases is rapid, often measured in days to weeks. This may be partially
a ~esult of cerebral edema, which is disproportionate when compared
With edema caused by primary brain tumors. The symptoms caused

by brain metastases are, in other ways, similar to those caused by a
primary lesion.

THERAPEUTIC INTERVENTION

The treatment of malignant brain tumors is guided by the principle
that it is worthwhile to prolong the lifespan of patients, as most of this
remaining time is qualitatively good. Serious functional loss tends to
occur late in the course of brain tumors. For virtually all types of brain
tumor, surgical resection is the most important form of initial therapy.
Surgery establishes the tissue diagnosis, quickly relieves intracranial
pressure and the mass effect, and achieves the oncological cytoreduc
tion that will facilitate later adjuvant or first-line chemotherapy (Basso
et aI2003). Collectively, many advances in neurosurgical techniques,
including lasers, intraoperative ultrasound and computer-based stereo
taxic resection procedures, have afforded new dimensions to neuro
surgical approaches and strategies. Even if not curative, tumor resection
is a reasonable goal provided that a neurological deficit is not imposed.
Corticosteroids are a mainstay because they relieve cerebral edema,
believed to be responsible for much of the symptomatology that is
observed. Corticosteroids can sometimes produce dramatic improve
ments in clinical function and neurological status. The clinician treat
ing a patient on prolonged corticosteroids should be aware of the
increased risk of osteoporotic fracture.

Radiation therapy is a proven effective method of treatment for
most brain tumors. The elderly may exhibit a poor clinical course
and lower tolerance to radiation therapy; therefore, prospective ran
domized studies should be performed to define the best option for
efficacy in light of the toxicity and effect on quality of life (Chinot
2003, Tanaka et aI2005). Older and younger individuals do not differ
significantly in their response to radiation therapy; therefore, age
alone should not be a consideration in decision making. At the very
least, a short-term survival advantage is obtained from radiation
therapy and so it is often used in conjunction with surgery in tumor
treatment. Effects of radiation therapy can be divided into acute and
chronic; the acute brain syndromes seen as a result of edema and irri
tation of the brain microvasculature are self-limiting and respond
well to steroid administration. Long-term chronic effectsare fortunately
uncommon and they include brain necrosis, endocrine disturbances
and neurooncogenesis. The newer techniques of interstitial brachyther
apy and stereotaxic radiotherapy employ different radiation physics
compared with conventional external beam radiation; they are
designed to deliver a highly concentrated, discrete and well-eontrolled
dose of radiation directly to the tumor, sparing uninvolved brain tissue
in the process. As the availability of these procedures has increased,
so have the favorable clinical results that are reported.

Although chemotherapy has not made major breakthroughs in brain
tumor treatment, some brain tumors in children have responded well.
Chemotherapy can provide modest increases in survival for some
patients but the gains may be overshadowed by other variables, such
as age, performance status and neurological deficit. Immunotherapy
has some clinical appeal, as brain tumors cause a marked reduction in
immunocompetence. The potential use of biological response modifiers
is being explored.

REHABILITATION

In terms of rehabilitation, clinical problems frequently arise that are
amenable to therapeutic intervention. Any patient with a hemiparesis
or other motor syndrome secondary to the tumor or its treatment will
respond to therapeutic strategies structured to return and enhance



motor function. All neurophysiological approaches are appropriate and
may be tried sequentially or concomitantly. The efficacy of many of the
standard exercise and facilitative approaches is empirical, and the
choice of treatment is sometimes by trial and error. Postural and balance
control exercises may be necessary, even in the absence of frank hemi
paresis. For balance and coordination problems, location of the tumor
may be a factor; rehabilitation may be more efficacious with cerebel
lopontine angle tumors than with posterior fossa tumors (Karakaya
et al 2000). Pain management and proper breathing exercises are use
ful in many patients. Because so many patients exhibit symptoms
attributable to brain edema, relief of this complication with corticos
teroids will assist the healthcare practitioner in bringing improved
clinical function to the patient.

Wheelchair prescription and management, evaluation for assistive
devices and teaching skills used in activities of daily living (ADLs)
and related activities are tantamount to a good functional outcome.
The various therapeutic disciplines should combine their efforts in a
team approach, each field contributing its own expertise. Nutrition
intake should be monitored to prevent malnourishment, dehydration
or excessive weight gain. To this end, patients should be evaluated for
dysphagia, as dehydration and aspiration pneumonia can result from
swallowing difficulties (Wesling et al 2003). Nursing must attend to
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skin, bowel and bladder integrity, as well as infection control. Social
interaction with other patients may be crucial to success. Family
involvement and teaching are also integral; psychosocial support and
intervention are very helpful, especially when the family is confronted
with an individual who has altered mental status and severe motor /
sensory deficit. Formal rehabilitation in an inpatient rehabilitation
center setting is sometimes indicated, and the rehabilitation profes
sional should be available to assist in this transition when it occurs.
Patients may make functional gains during and after inpatient reha
bilitation, but the gain in quality of life may not be significant until
1 month or more post-discharge (Huang et al 2(01). Also, quality of
life may not correlate well with functional outcome in rehabilitation.

In summary, the treatment of primary and metastatic tumors of the
central nervous system offers unique and challenging clinical oppor
tunities for the healthcare practitioner. Because the clinical course may
be prolonged and sometimes indolent, the rehabilitation staff should
beon hand to provide the services necessary to bring patients to their
highest level of function. Newer and more exciting treatment tech
niques, particularly in the delivery of radiation therapy, will result in
increased survival in selected patients and longer periods when the
healthcare professional will be needed to respond to the clinical syn
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INCIDENCE

Breast carcinoma remains one of the most challenging diseases for
healthcare practitioners and their patients. The disease's extensive
metastatic capability, combined with intriguing responses to treat
ment, make breast cancer a compelling enigma for all involved in
oncology. Until just a few years ago, breast cancer was the number
one cause of cancer death in women in the US,and is now surpassed
only by cancer of the lung. Similarly, breast cancer is one of the lead
ing causes of cancer-related deaths in many other countries (see Box
37.1. It isestimated that 40870people will die ofbreast cancer in the US
in 200li (Jemalet al 2(05). Breastcancer death rates had been stable for
over 50 years but have just recently begun to decrease. During this
time, there has been a 15%increase in breast cancer incidence among
women aged 55 years or older and a concomitant decrease among
women younger than 55 (Harris et al 1992). Individuals with breast
cancer are now living for considerably longer periods of time, and
survivorship has increased appreciably. Screening for breast cancer in
the elderly is also important (Walter & Covinski 2(01). The recogni
tion that breast cancer is a treatable disease has set the stage for
numerous clinical trials utilizing various forms of treatment; how
ever, there are sometimes barriers to participation in clinical trials for
older patients with breast carcinoma (Trimble et aI1994, Kemeny et
al 20(0). These barriers can range from comorbidities in the patient
to investigator bias.

The median survival of patients with metastatic breast cancer is
longer than 5 years, a considerable improvement from just a decade
or so ago (Henderson 1995, Francheschi& laVecchia 2(01).As many as
10%of those who have metastatic disease will live for more than a
decade. During this long interval, symptoms arise which may lead to
functional disability. Thus, many geriatric patients with breast can
cer will have problems related to both the disease process and its
treatment.

Breast cancer in the geriatric patient does not differ greatly from
that in younger individuals (Balducci & Yates 2000,Diab et al 2000).
It is common for clinicians to encounter patients with longstanding

Box 37.1 The leldlng causa ofcanter deaths Inthe
US In2005

Men

1. Lung carcinoma
2. Prostate carcinoma
3. Colon and rectal carcinoma

Women

1. Lung carcinoma
2. Breast carcinoma
3. Colon and rectal carcinoma

Other leading causes of cancer death include carcinoma
of the pancreas, stomach and esophagus in men, and
carcinoma of the ovaries, pancreas and stomach in
women.

From Jemal et al 2005.

indolent disease. Considering treatment, women aged 70 or more
who are enrolled in clinical trials are similar to their younger coun
terparts with regard to response rates, time interval to disease pro
gression, survival and effects of chemotherapy (Christman et aI1992,
Dees et aI2(01). Many elderly patients with breast cancer suffer from
intercurrent diseases that not only significantly reduce their life
expectancy but also increase their operative risk. However, despite a
high percentage of deaths from concomitant diseases, long-term sur
vival of the elderly breast cancer patient is possible and comparable
to the general population with breast cancer.

CLINICAL RELEVANCE

The clinical relevance of breast cancer to the rehabilitation profes
sional is engendered across the disease process: from detection to pri
mary treatment, through a long period of metastatic disease, should it
occur, and culminating in terminal patient care. Many forms of breast
cancer are now treated with simple lumpectomy, segmental mastec
tomy or axillary node dissection. These procedures have not replaced
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the modified radical mastectomy, which is still necessary in many
patients (Fisher et al 2002). In a modified radical procedure, the breast
and the axillary lymphatics are removed but the pectoralis major and
minor are preserved. The patient is often discharged from hospital
with surgical drains still in place, to be removed at the first clinical
visit the following week. Although aggressive manipulation of the
shoulder may not be indicated during the first few days, a temporary
loss of abduction and forward flexion may be commonly observed.

The percentage of elderly patients undergoing immediate or
delayed reconstruction is less than the percentage of younger indi
viduals; however, more elderly patients are opting for breast recon
struction when it is feasible (Francheschi & laVecchia 2001).Age alone
should not be a factor in decision-making; the functional abilities and
overall health of the elderly patient should take more importance.
More extensive disease, such as a neglected or aggressive tumor that
becomes attached to the chest wall or muscles, will naturally require
a more extensive surgical approach to result in a definitive cure.

The functional disabilities seen following mastectomy or breast
conserving procedures are usually temporary and respond favor
ably to physical therapy intervention. Elderly patients who do not
gain their full range of motion within 6-8 weeks following surgery
are not likely to do so (Lauridsen et al 2005). The reasons for this
observation are not entirely clear; a sedentary patient combined with
an overly cautious therapist may be contributory factors. The win
dow of opportunity to avoid functional decreases in range and func
tion is not a large one, and an aggressive approach to these patients
during the second month following surgery is warranted in other
wise healthy elderly individuals (Nay et al1999).

Edema of the ipsilateral arm occurs in a significant percentage of
cases. The incidence of this complication has declined considerably
over the last few decades, largely because of early detection, improved
radiation therapy and more limited surgical techniques and, most
importantly, early and comprehensive management to effect control.
In some cases, edema is severe and neglected, resulting in a grossly
enlarged upper extremity with resultant loss of range and function.
This is usually preventable with active rehabilitation interventions.
Complex lymphedema therapy, which involves bandaging, exercises
and specialized massage, can be of immense benefit to patients with
lymphedema (Mosely et al2005).

Few cancers can match carcinoma of the breast in terms of metasta
tic patterns; the disease spreads both lymphatically and hematoge
nously and the latter process can actually occur well before the primary
cancer is detected and initial treatment begun. The skeleton is the most
common site of bloodborne spread. Lesions favor the axial skeleton
because of Batson's vertebral plexus of veins; the pelvis, spine, ribs,
upper femora, upper humeri and scapulae are most frequently
involved. Lesions are most often lytic, but blastic-predominating and
mixed patterns may occur. Large lytic lesions in the long bones carry
the greatest risk of pathological fracture. The proximal femur is the
area of most concern. In bony metastatic disease, pain usually heralds
positive radiographs. Occasionally, however, pain may be severe in
the absence of both radiographic evidence of the disease and scan
positivity.

Differential diagnosis is extremely important. A patient who has
no specific cause of pain, especially back or pelvic pain; a history of
cancer; is awakened at night; gets no relief with rest; and is not
responding/presenting like the typical back or shoulder pain patient
should receive further workup. If radiography is negative, a bone
scan or MRI may be integral in detecting metastatic bone disease.

Occasionally, axillary metastases and local recurrence in the chest
wall produce troubling edema and complex wound care problems.
More common are metastases to other organs, following or concomi
tant to bone metastases. The liver, pleura, lungs, central nervous sys
tem and intra-abdominal area can all be involved, with each area

producing its particular array of symptoms. Liver metastases cause
fatigue, early coffee or strong food intolerance, anorexia, metabolic
disturbances and weakness - all rehabilitative problems. Pleural effu
sions are painful, debilitating and require frequent thoracentesis.
Chest tubes may be in place, which limit mobility and function. Lung
metastases are of several types. Parenchymal rounded lesions eventu
ally coalesce but do not affect pulmonary function or cause symptoms
until a critical amount of lung tissue is compromised. On the other
hand, Iymphangitic metastases, where the tumor is within the lym
phatics of the lung, cause an early and distressing pulmonary syn
drome of cough, dyspnea and intense sputum production. Metastases
to the brain cause symptoms and signs that are comparable to pri
mary brain tumors. Older individuals may not be diagnosed as read
ily because of concomitant illnesses and comorbidity.

Metastatic breast carcinoma, the second leading cause of epidural
spinal cord compression after lung cancer, is a medical emergency.
Sudden or subacute onset of sensory disturbances and motor weak
ness of the lower extremities in a metastatic breast cancer patient
with known spinal disease warrants prompt attention. The pattern
and degree of weakness may fluctuate and often the neurological
condition improves with treatment, which is less likely in traumatic
spinal injury. This presents a dynamic and sometimes frequently
changing clinical picture to the healthcare practitioner. Metastases of
any type will debilitate the patient. Pain may be one of the major lim
iting factors in any rehabilitative effort and, therefore, adequate pain
control is tantamount to successful rehabilitative intervention. Older
patients undergoing chemotherapy will need to be monitored for
neutropenic infections, anemia and management of mucositis
(Carrera et aI2005).

It is clear that breast cancer is a complex disease process, resulting in
a multiplicity of rehabilitation issues that are important for the clini
cian. Because patients are living longer with treatable metastatic dis
ease, these issues will continue to pose unique and challenging
problems to the clinicians who diagnose and treat them.

THERAPEUTIC INTERVENTION

The therapeutic treatment of and rehabilitative intervention in the
elderly patient with breast cancer is comprehensive and ongoing
throughout the disease process. Preoperative physical therapy screen
ing in a sound clinical practice is important, as the information
imparted can do much to allay fears and establish a good clinical rap
port with the patient. In an elderly patient, the common existence of
premorbid functional loss of range of motion in the shoulder on the
operated side underscores the value of preoperative intervention when
possible. If a preoperative visit is not carried out, a physical therapy
visit on the day after surgery is desirable. After a modified radical mas
tectomy or a lumpectomy with axillary node dissection, glenohumeral
flexion and abduction should be limited to 90degrees until the surgical
drains have been removed (Chen &Chen 1999).It is also necessary to
proceed gently with other shoulder movements, such as extension and
external rotation. Because the hospital stay of all patients having this
procedure is short, early and consistent intervention assures optimal
functional and physical return. The actual timing of exercise after sur
gery hasbeen studied by several authors and results suggest that the
incidence of seroma formation is not increased by waiting several days
after breast surgery before beginning exercises (Schultz et aI1997, Nay
et aI1999, Shamley et al2005).

A scoliotic curvature is common in elderly women and should be a
consideration when treating the elderly post-mastectomy patient. This
curve may be present before surgery; when the curve results from sur
gery and the weight imbalance that follows, positioning, trunk range



of motion and strengthening exercises, and chest waD and breathing
exercises may offset any problems.

Various exercises are utilized to regain shoulder range and func
tion; no single program hasproved to besuperior to anotherin terms
of functional results. Most regimens call for a gradual stretch of the
pectoralis major muscle; pulley exen:ises and waD climbing are often
used (Box et al 2002, Morimoto et al 20(3). Extemalrotation empha
sis, slowly bringing the clasped hands behind the head, is another
standard approach. RecaD that many geriatric patients may already
have a functional loss in external rotation beforesurgery. Early mon
itoring for lymphedema is essential. Thefitting ofelastic compression
garments hasbecomea large part of the careof these individuals. The
success of sequential pneumatic intermittent compression devices to
decrease or control lymphedema is variable, even among younger
patients. More important, perhaps, hasbeen the acceptance of com
plex lymphedema therapy into mainstream postoperative care. The
program is multidimensional and includes manual lymph drainage
techniques followed by specific exercise, meticulous skin care and
wrapping with elastic material of specific pressure. Complex lym
phedema therapy hasgained favor in clinicalpractice as an approach
to lymphedema management, and certified lymphedema therapists
should be consulted when swelling is an issue (Hwang et al 1999).
Lymphedema prevention through patient and family education is
perhaps more integral to control.

Older breast cancerpatients tend to have more bony andsoft tissue
disease than their younger counterparts and sometimesan indolent
clinical course may be seen where bony metastases predominate
(Ratner 1980). However, even in older women with extensive bony
disease, the lesions may be largely asymptomatic. Pain is made
worse by activity, particularly weight-bearing. If a patient experi
ences a pathological fracture and is treated surgically or hasthe pro
cedure performed prophylactically, aggressive rehabilitative therapy
is warranted when thepatient can tolerate it. Internal fixation of the
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femur facilitates nursing care, potentiates ambulatory ability and
makes transportation of the patient easier. Ease of transportation is
important in facilitating limb positioning during radiation therapy
treabnent. Early mobilization with cautious weight-bearing needs to
be instituted and graduated exercises need to be performed for a
maximum functional outcome to beexpected. Strength and range of
motion can be restored and the complications of a bedridden patient
can be avoided.

Orthotic devices to relieve weight-bearing may be tried but exten
sive bracing should be avoided in the moribund patient, unless used
for pain control.Thoracolumbar stabilization with an orthotic device
may berequired if the spine is heavily involved with tumor and has
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erance and this must be respected,while weighing up the difficulties
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pertinent to traumatic spinal cord injury being applicable. Thechang
ing weakness patterns, as weD as the fairly frequent and sometimes
dramaticmotor return that is seen, merit intense rehabilitative efforts.
Lastly, the importance of supportive and palliative care for terminally
ill geriatric breast cancerpatients is integral to total patient careand is
most appreciated by those patients who need it

Breast cancer rehabilitation in the elderly patient beginswith diag
nosis, continues through the early postsurgical phase and is both
reactive and active. As metastases spread and cause specific symp
toms and disabilities, rehabilitation plays a major role in preventing
immobility. Palliative and comfort care round out the intervention
and, with patients living for an appreciably longer time, the period
of rehabilitative care may span decades. Breast cancer in the elderly
is a treatable disease and rehabilitation is an integral part of this
treabnent.
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Until 1940, gastric carcinoma had the highest mortality rate of an
cancers. Despite the fact that the treatment and overall survival rate
for gastric cancer patients in the US has not changed appreciably
in the past 50 years, the number of stomach cancer deaths has
decreased considerably during this same period (Correa 1988). In
other areas of the world, stomach cancer is the most common form of
cancer. In 1995, the age-standardized rate for stomach cancer deaths
in Mexico in men over the age of 60 was 66.7 per 100000. In 1994,
similar data from Venezuela showed a rate of 116.1 per 100000 for
men and 70.3 per 100000 for women. In the UK, the respective
figures are 65.1 and 31.8 per 100000 (Cancer MondiaI2006).

Ongoing studies are attempting to delineate the purported dietary
factors that are believed to playa major role in the geographical differ
ences in the incidence of stomach cancer. The role of Helicooacter pylori
remains to be fully elucidated and described (Hunt 2004).In 2005, there
will be an estimated 21860 new cases of stomach cancer in the US and
approximately 11550 deaths (Jemal et al2005). Stomach cancer is now
the third most common gastrointestinal neoplasm, after colorectal can
cer and pancreatic cancer. There is a slight male preponderance and the
incidence is greater in older men, peaking between 50 and 70 years of
age (Lawerence & Zfass 1995).

Atrophic gastritis seems to be more common in countries that
have a high incidence of gastric cancer, an association only partly
explained by the natural progression of a dysplasia or inflammatory
process to frank cancer. Similarly, there is a slight increase in the risk
of gastric cancer in individuals who have undergone a partial gastric
resection for peptic ulcer disease. The stimulus for this pathological
chain of events has not been clearly defined. Although nitrosamines
can produce carcinoma of the stomach in animal experiments, the syn
thesis of these compounds is blocked by normal stomach acid; how
ever, this may explain the increased incidence of gastric carcinoma
in individuals with pernicious anemia and the accompanying
achlorhydria.
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INCIDENCE

Gastric cancer

1
I
!

Colon cancer
In the US, colon cancer is the third leading cause of cancer death for
both men and women, with approximately 104950 new cases per year
and 56290 deaths (Jemal et al 2(05). This is surpassed only by lung
cancer and breast cancer in women and lung cancer and prostate can
cer in men. The average age at diagnosis is between 60 and 70 years
(Bader 1986). In patients with both gastric cancer and colon cancer,
two-thirds of cases occur in individuals over the age of 65 (Enzinger &
Mayer 2004). The average survival rate for colorectal cancer is about
50%, and that figure has increased only slightly over the last three
decades (Stene 1995). There has been a trend to finding more proxi
mal bowel tumors in both younger and elderly populations. This
may be partly because of the increased access to the proximal bowel
with the use of current colonoscopy procedures (Au et aI2oo3).

There are several known predisposing conditions for colon cancer,
the most common of which are ulcerative colitis and familial polypo
sis. In ulcerative colitis, length of disease is as important a factor as
severity of symptoms in the progression of the disease to malignant
transformation. If there is a strong predisposition to the development
of colon cancer, a partial colectomy with preservation of sphincter
function is possible and has been a rather remarkable clinical advance
in recent years for the prevention of colon cancer. An patients with
familial polyposis will eventually have malignant degeneration of
one or more polyps. Despite the benefit of prophylactic colectomy for
selected patients, the majority of colon cancer patients are termed
'sporadic'. However, in the future, with major breakthroughs in the
molecular biology of colon adenocarcinoma, medical genetics may be
able to define a population of additional individuals with premalig
nant colon phenotypes to which model systems of genetics and
screening can be applied, allowing polyps that are believed to
presage colon cancer to be found and treated at an earlier stage.

CLINICAL RELEVANCE

Gastric cancer
Gastric cancer most often arises from the distal portions of the lesser
curvature of the stomach. However, there seems to be an increasing
trend towards a more proximal origin. In the US, by the time that gas
tric cancer has been diagnosed and the patient comes to surgery, the
tumor has already penetrated the muscular layers of the gastric wan
and can frequently be seen on the outer serosal surface of the stom
ach (Donati & Nano 2003, Dicken et aI2oo5). The tumor frequently
involves anatomical structures that are in close proximity to the



238 NEOPLASMS

stomach, with involvement of the pancreas and the transverse meso
colon being most frequent. In addition, gastric cancer spreads via the
peritoneal surface of the abdominal cavity, making survival less cer
tain if ascites or peritoneal tumor implants are present. In almost
two-thirds of patients, gastric cancer will already have spread to the
abdominal lymphatics when the patient is surgically explored; sen
tinel lymph nodes are usually involved and are therefore sampled
(Donati & Nano 2003). The gastric area is richly supplied lymphati
cally and this, along with an intricate mixture of vessels and nervous
tissue, results in the rapid spread of the tumor and surgery that is
risky and fraught with difficulty. Once regional lymphatics on the
greater and lesser curvatures are involved, spread to the lymphatics
along the hepatic and splenic vessels occurs and survival is much
less certain.

Hematogenous dissemination of gastric cancer occurs late in the
course of the disease; dissemination is most often to the liver via the
portal vein but other distant sites may be involved. Spread may be
asymptomatic; 25% of patients at autopsy show lung metastases, but
they are not usually detected clinically prior to death. Thisis because
of both the silent nature of parenchyma metastases until they are
well advanced and the fact that other pressing issues and sympto
matology may supersede pursuing pulmonary metastases in the later
stages of gastric cancer.

Oinically, gastric carcinoma presents most often with vague epigas
tric discomfort, postprandial pain or early satiety in eating. Because
these somewhat nonspecific symptoms may be attributed to simple
gastritis or dietary indiscretion, the elderly especially may delay seek
ing medical attention. Anemia, weakness and weight loss may all
occur, alerting the patient to a more serious source of the discomfort.
The physical examination of the elderly patient with gastric cancer
may often be unrevealing, except when advanced disease is present
(Sial & Catalano 2001). A palpable tumor in the upper abdomen is
not a common presentation but, when it does occur, it is usually a
poor prognostic sign. A thorough workup is indicated in any elderly
individual who exhibits persistent symptomatology. This is needed
to evaluate the patient's risk and optimize surgical, chemotherapeu
tic and palliative outcomes (Sial & Catalano 2(01). An upper gas
trointestinal endoscopy accompanied by biopsy of the suspected
lesion will provide the diagnosis in over 95% of cases. Endoscopic
ultrasound evaluation is a relatively new technique that shows some
promise in that it enables the clinician to visualize all the walls of the
stomach (Dicken et al 2(05).

Colon cancer
Colon cancer spreads through the bowel wall, and the tumor node
metastases (TNM) classification system has begun to replace the
Duke's ABC terminology (related to size and depth of bowel inva
sion). In classic colon or rectal carcinoma, spread occurs sequentially
from the bowel to pericolonic nodes or the rectal mesentery and its
nodes, to more regional nodes and eventually to venous channels.
Because of the portal venous system, metastases most often occur in
the liver, and much has been written concerning the various tech
niques and approaches to treat metastatic hepatic disease. The lungs
and bone may also be involved, usually late in the course of the ill
ness. Interestingly, direct extension of a rectal or low colonic tumor
into the sacral area and eventual involvement of the lumbosacral
plexus sometimes occurs, causing varying syndromes of plexopathy
or nerve compression. Tumor compression neuropathies are usually
a late event in the progression of colon cancer. In addition to the car
cinoembryonic antigen (CEA) that is commonly followed in these
patients, there are other potential tumor markers in the marrow that
may be determinants of metastatic proclivity to certain distant sites.

Following selected patients for detection and observation of metasta
tic expression is good clinical practice in the geriatric population.

Diagnosis of colon cancer is difficult despite the more widespread
use of the digital exam and sigmoidoscopy, and the use of complete
colonoscopy for high-risk patients. Circumferential or 'apple-core'
lesions of the lower colon are usually the cause of changes in bowel
habits, where almost complete obstruction may lead to a paradoxical
diarrhea. More proximal lesions may cause weakness because of
anemia from slow blood loss. Melena, blood in the stool, is a frequent
and sometimes presenting sign of colon cancer. Frank obstruction is
most common in the left colon, where the pain may be colicky. In rec
tal cancer, the pain may be gnawing and constant, the melena is
bright red and tenesmus may occur. liver metastases may compro
mise hepatic function, causing the patient to become weak and mori
bund. Other sites of metastases produce symptomatology that is
specific to their location and occasionally function.

THERAPEUTIC INTERVENTION

Gastric cancer
In gastric carcinoma, surgery is the only effective method of treat
ment where cure is the goal, and this approach is utilized for pallia
tion as well. Survival rates remain low except in those with early
carcinoma, which is not frequently diagnosed. The mortality rate
from surgery is the same for fit elderly patients and younger patients
(Kemeny 2(04). All patients are carefully screened and newer nonin
vasive diagnostic imaging has done much to assist in selectively
identifying curable patients as opposed to those who require a pallia
tive procedure. Unfortunately, only 40%of patients can be considered
potentially curable. Distal, proximal or total gastrectomy may be per
formed, with various methods and pouches usedto restore or assure
continuity of the alimentary tract. Resection of adjacent organs may
be required, making cure less likely. Careful abdominal exploration
at the time of surgery is necessary to not only avoid unnecessary rad
ical procedures but alsoconfirm the histological diagnosis. For the
60% of patients who are not curable but potentially operable, some
type of palliative resection is usually done to relieve symptoms and
prolong survival.

Because the common reason for palliation is anatomical unre
sectability, radiation therapy is often employed where surgery has
failed. Postsurgical external beam radiation therapy may be used to
relieve obstruction or control bleeding. Although some surgeons are
trying intraoperative radiation therapy, trials are pending or in
progress and the results are inconclusive. Many chemotherapeutic
trials of various preparations have taken place over the years, with
most regimes including 5-fluororacil (Enzinger & Mayer 2(04).

The gastric cancer patient usually needs rehabilitation post
surgery, including assistance in mobilization and ambulation to
avoid complications and to get the alimentary tract functioning
again. Barring serious complications, older patients should be mobi
lized out of bed gently but definitely on the first postoperative day.
Mild exercise programs are also helpful in restoring muscle strength
and functional mobility.

After recovery from gastrectomy, long-term sequelae are more
important than short-term ones. The former includes the 'dumping
syndrome', where gastric transit is greatly accelerated; this can
result, for example, from the loss of pyloric function controlling food
entry into the duodenum. This can usually be controlled by diet and
the more frequent employment of gastric reservoirs during surgery.
Anemia and accompanying weakness may occur if there is impair
ment of iron absorption or loss of intrinsic factor when large portions



of the stomach are removed (Lawerence & Zfass 1995).Metastatic dis
ease is typically confined to the abdomen but distant hematogenous
metastases may be seen late in the disease process. Treatment is
organ specific, depending on the site of metastatic disease.

Colon cancer
--- --- ---- ----------------

Colon cancer is alsoprimarily treated surgically, with the creation of
a temporary or permanent colostomy if the distal colon or rectum is
resected (Gingold 1981). More proximal tumors may allow end-to
end colonic anastamosis, a less radical and less dysfunctional proce
dure. During the surgical procedure, the entire lesion is removed,
analysis of the depth of invasion through the colonic wall is per
formed and lymphatic drainage is analyzed (Sobrero & Guglielmi
2004). Intraoperative ultrasonography allows observation of the
adjacent and noncontiguous abdominal organs. When utilizing less
extensive procedures for low rectal cancer, where a low anterior
resection is common, a major limiting factor is the lack of adequate
preoperative staging techniques. The inability to define microscopic
lymphatic spread contributes to the failure rate of surgical interven
tion. Sphincter preservation approaches, especially desirable in the
elderly, should not result in sacrifice of curative surgical principles.
Elderly surgical patients seem to tolerate the surgery reasonably well
and chronological age alone is not a deterrent to surgery (Sobrero &
Guglielmi 2004).

The creation of a temporary or permanent colostomy or ileostomy
engenders loss of voluntary control of bowel function. Ostomy

References
Au H], Mulder KE,Fields AL2003Systematic review of management of

colorectalcancer in elderly patients. Clin Colorectal Cancer
3930:172-173

BaderJF 1986Colorectal cancer in patients older than 75 years of age.
DisColon Rectum 29:728-734

Cancer Mondial 2006International Agency for Cancer Research.
Available: http://www-dep.iarc.fr/. Accessed 14Feb 2006

Correa PA1988A human model of gastric carcinogenesis. Cancer Res
48:3519-3554

DickenB],BigamDL,Cass C et al 2005 Gastric adenocarcinoma: review
and considerations for future directions. Ann Surg 241(1):27-39

Donati D, Nano M 2003 The role of lymphadenectomy in gastric cancer
in elderly patients. Minerva Chir 58:281-289

Enzinger PC, Mayer R]2004Gastrointestinal cancer in older patients.
Semin OncoI31(2):206-219

Gingold BS 1981 Localtreatment for carcinoma of the rectum in the
elderly. j Am Geriatr Soc29:10-16

Hunt RH 2004Willeradication of Helicobacter pylori infection
influence the risk of gastric cancer? Am j Med
117(suppI15A):865-915

Gastric and colon neoplasms 239

rehabilitation has become a specialty in its own right, and enteros
tomal therapists and wound care specialists are called upon to man
age postcolostomy care and instruction. The diversification of
collecting devices, skin adhesives and related appliances has been
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cancer patients, the postoperative colon cancer patient needs gentle
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cise, ambulation and pain control.
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INCIDENCE AND CLINICAL RELEVANCE

Skin cancer is one of the most common forms of cancer in humans
(Betchelet al1980). In the US, it accounts for ahnost one-quarter of all
cancers diagnosed (Miller 1991) and kills an estimated 10000 indi
viduals annually (Iernal et al2005). In total, 53% of skin cancer-related
deaths occur in those over the age of 65 (Syrigos et al2005). The world
wide variation in the number of cases of melanoma (one type of skin
cancer) and the subsequent deaths per year for both sexes is pre
sented in Table 39.1 (Globocan 2006).

Skin cancer tends to be a disease of the middle-aged and elderly
(Stevenson & Ahmed 2005),and age alone should not be an obstruction
to seeking optimal treatment. The most common forms of skin cancer
are basal cell carcinoma (BCC), squamous cell carcinoma (SCC) and
malignant melanoma. Other rarer types occur and the skin can also be
the site of metastatic tumors. In this chapter, each of the three most
common types of skin cancer will be discussed, with emphasis on inci
dence, clinical relevance and therapeutic intervention.

When working with patients, all practitioners, especially physical
therapists and nurses, should be ever vigilant for any skin changes that
may warrant further evaluation. Careful inspection of the skin of any
body part under examination should be part of a complete physical
therapy evaluation. Figure 39.1 depicts the differences between com
mon skin moles and skin cancers.

BeC, the most common of the skin cancers, occurs primarily on sun
exposed skin surfaces (those areas of skin exposed to ultraviolet light).
Although historically this disease affected more men than women,
there is currently only a slight male preponderance. It is commonly a
disease of older individuals; however, it is becoming more common in
younger people, with some cases being diagnosed in only the third
decade of life. Increased sun exposure, as culturally defined, and
depletion of the protective ozone layer in the atmosphere, believed' to
be a result of increased air pollution, are both believed to playa role in
the etiology of this disease. Those who work outdoors or who partici
pate in extensive outdoor recreation are at most risk; cumulative expo
sure to ultraviolet light over time is the strong unifying factor. Ionizing
radiation can also be implicated as causative; the resultant BCC occurs
after a long latency period and is usually in the area of previous

Table 39.1 Worldwidevariation in the numberof cases of
skin melanoma and subsequent deaths

Cases Deaths

Men Women Men Women

World 79043 81134 21952 18829

North America 32338 25123 5258 3131

North Africa 446 361 269 232

South America 3575 3968 1334 1033

Eastern Asia 2114 1745 1056 971

Northern Europe 5576 6932 1571 1361

Australia! 5683 4511 832 483
New Zealand

From the Globocan 2002 database. Available: http://www-dep.iarc.fr/
GLOBOCAN_frame.htm.

irradiation. The immune system may play an, as yet, undefined role
but this is less well appreciated compared with SCc.

BCCs are locally destructive but rarely, if ever, metastasize
(Freidman et aI1995). Metastases usually occur in long-standing head
and neck BCCs. The tumor follows the path of least resistance and so
muscle, cartilage and bone are invaded late in the course of the illness.
The primary lesion may vary in size and appearance but is most often
of the nodular-ulcerative variety. The margin of the lesion typically
demonstrates a pearly, raised or rolled border, with reactive telangiec
tasis and central necrosis. A superficial multicentric variant can occur,
more commonly on the trunk and extremities than the head and neck,
the latter being the most frequent sites of BCC.

SCC of the skin is a tumor of the keratinizing cells of the epidermis
and its behavior is like SCC arising elsewhere in the body. It is the sec
ond most common skin cancer and the risk of occurrence increases dra
matically with age (McNaughton et aI2005). For SCC, the mean age at
diagnosis is 68.1 and 72.7years for men and women, respectively, with
very few cases occurring before the age of 40. The factors that initiate or
promote the development of SCC are the same as those for BCC;both
are sun-exposure related and light-skinned poorly tanning individuals
are at most risk. Other predisposing factors are exposure to ionizing
radiation and chemical carcinogens, both usually incurred in the work
place. The list of chemical carcinogens is extensive and is growing.
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Figure 39.1 The differences between common skinmoles and skin cancers. (A) Naturalhistoryof commonly acquired nevi (National Cancer
Institute). Ordinary moles begin asuniformly tan or brown macules, 1-2 mmin diameter (il, expand to a largermacule (iil, progress to a
pigmented papule that may beminimally (iii) or obviously (iv) elevated above the surface of the skin, andterminate asa pinkor flesh-colored
papule (v). These lesions are junctional (i, iil, compound (iii, iv) and dermal (v) nevi respectively. Note their smooth borders and clear
demarcation from the surrounding skin. (B) Basal cell carcinoma. Small, reddish/brownish papule. often with telangiectatic blood vessels. May
appear translucent and, when it is, isdescribed as being 'pearly' in color. Mayhave a central depression with rolled borders. (C) Squamous cell
carcinoma (National Cancer Institute). Tends to arise from premalignant lesions and actinic keratoses; surface is usually scaly and often
ulcerates (as shown here).

Unlike BeC, sec has a propensity to metastasize to regional
lymph nodes and distant sites. The metastatic potential of sec is
determined by tumor size, location, extent of cellular differentiation,
whether mucocutaneous or purely cutaneous and a host of other

factors. sec tumors may present in a variety of ways, from a non
healing ulcer to a plaque-like lesion that is raised and erythematous.
sec typically lacks the pearly raised border and telangiectasia
ofOCC.



Figure 39.1 (D) Melanoma: color (Skin Cancer Foundation). A
melanoma with coloring of different shades of brown, blackor tan.
Part of the ABCDs for the detection of melanoma.

Malignant melanoma develops from the malignant transformation of
the melanocyte, a cell of neural-crest origin that produces melanin pig
ment (Testoriet al2004). It is surprising that the disease is not more com
mon, considering that most individuals have numerous pigmented
moles or other lesions. Melanoma accounts for about 3% of all cancers
and is increasing in incidence, mainly as a result of increased sun expo
sure (Swetter et al 2004). In the last few years, the survival rate has
increased from 60%to 84%; this is not only because of newer and more
intense methods of detection but also because of improved treatments.
Melanoma may appear as a change in an existing mole, with rapid
growth, bleeding or a change in color (Vrist et al 1995). However, the
lesion can also arise de novo; the increased incidence in the last few
years has caused some public concern for all pigmented nevi.

Four patterns of melanoma are seen: superficial spreading mela
noma, nodular melanoma, lentigo melanoma and acral lentigo
melanoma. The last two varieties occur almost exclusively in the eld
erly and carry a better prognosis because they tend to stay in situ
longer (Stevenson & Ahmed 2(05). The nodular type has the worst
prognosis because of the great depth of invasion, which may be
unapparent at quick visual inspection. Pathological staging of
melanoma is based on the microscopic assessment of thickness and
level of invasion, the latter expressed as Clarke's level I-IV.

Melanoma does not kill by local extension of disease, but rather by
distant metastases. No other human tumor approaches the metasta
tic potential and virulence of an aggressive melanoma (Testori et al
2004). Virtually any organ in the body can be invaded but the regional
lymph nodes are often involved first. Distant sites that can be invaded
are the brain, lung and bone. Prognostic factors are multiple and vari
able, and depend on the stage of the disease at diagnosis. Tumor
thickness is the most important and dominant variable; other factors
include site, sex, age of the patient, ulceration, number of nodes
involved and length of disease. Older patients may not seek treatment
and diagnosis early compared with younger individuals with pig
mented tumors (Testori et al 2004). Melanomas can metastasize years
after the primary lesion has been successfully treated, a fact not often
appreciated among healthcare workers.

THERAPEUTIC INTERVENTION

BeC and sec are treated primarily by either surgery or radiotherapy.
Curettage and electrodessication are commonly usedfor small tumors,

Neoplasms of the skin 243

with total surgical excision saved for larger lesions. The Mohs micro
graphic technique, a method employed for sec and BCC,allows max
imum conservation of normal tissues. Wide surgical margins are
necessary; the fact that BCCand sec can spread deeply into the tissue
must be respected and recognized in surgical treatment procedures.
Alternative removal methods include lasers, cryosurgery and radiation
therapy, the last being a paradoxical method of treatment as it can also
induce the development of cancer. Radiation therapy is best used for
small lesions or in patients who cannot or will not tolerate a surgical
procedure.

Both sec and BCC can be treated with these methods but the
propensity for sec to metastasize must be considered. All therapies
are designed to result in total tumor removal, the primary goal in treat
ing these cancers. Recurrence rates are high in certain areas and in cer
tain histological variants; thismay call for more extensive surgery or an
alternate technique. Many older individuals can be freed from tumors
with the techniques described above. Follow-up visits are essential to
promptly diagnose recurrent or new primary tumors. A person who
has had at least one BeC or sec is at a higher risk of developing a sec
ond tumor; careful vigilance and frequent skin checks are necessary.

Malignant melanoma demands some special consideration regard
ing treatment, as regional lymph node involvement may be high and
subclinical, and the relatively strong metastatic potential of these
tumors must be taken into account in treatment planning. A thera
peutic node dissection is employed in stage ill (large and/or deep
primary lesion) patients, whether or not the nodes are clinically
involved. Specific guidelines have been established for the accepted
surgical margin, depending on thickness and size of the primary
lesion. Patients undergoing a prophylactic or definitive groin dissec
tion for a melanoma of the lower extremity are prone to lym
phedema, and complex lymphedema evaluation and therapy are
indicated. Most patients are fitted with a compression gannent.
Patients with enlarged regional nodes have a greater than 85% chance
of having hematogenous dissemination of their cancer, and the sur
vival rate at 10 years is less than 10%. This does not mean that pal
liative surgery for stage IV patients cannot be used, as it is
commonly practiced to remove surgically accessible lesions and may
palliate the patient significantly.

The response rates of metastatic melanoma to chemotherapy are
encouraging, and many trials are being conducted to determine opti
mal drugs and dose scheduling. Immunotherapy and ~ene therapy
have been studied in melanoma more than in other tumors, with
varying degrees of patient response and success. All of the
approaches are really experimental but can provide palliation and
relief of distressing symptoms. Unfortunately, cures are few once the
disease has metastasized to distant areas. This drives and under
scores the importance of the intense research that is carried out in
melanoma.

BeC and sec are treated with chemotherapy and other methods
when the disease is extensive or unresectable, or when there are local or
distant metastases. Healthcare practitioners can do much to assist the
patient in treatment planning and decision-making. It is of note that,
because of the common location of tumors on the head and neck and
exposed areas, and the sometimes cosmetically disfiguring surgery
that is required for their removal, psychosocial intervention is impor
tant to total patient care. Noncomplicated surgical removal does not
usually require rehabilitation intervention, except where function is
compromised or the surgery is extensive. Caution should be utilized
when applying manual stretching techniques, massage, heat or electri
cal stimulation to areas of previous surgery or when using exercise
techniques. The surgical site should be examined carefully.

Like lung cancer, skin cancer is largely preventable. Healthcare
practitioners should assist in efforts to educate the public in limiting
sun exposure and reducing their exposure to chemical carcinogens
that can cause skin tumors.
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From the Globocan 2002 database. Available: http://www-dep.iarc.fr/
GLOBOCAN_frame.htm.
"Estimates for 2002 based ondata from2-5 years previously.

resectable tumors are asymptomatic or patients have a few symp
toms of urinary tract obstruction, such as difficulty in initiating
and/or stopping micturition. In the absence of infection, marked blad
der symptoms should warrant a search for prostate cancer. If the clin
ical presentation is advanced, there will be symptoms of bladder
outlet obstruction and anuria, uremia, anemia and anorexia will
ensue. Patients are very ill at this juncture and most will have sought
medical attention.

The digital rectal exam still finds most primary prostate cancerous
tumors. Approximately SO% of palpable nodules in the prostate are
proven to be carcinoma. The prostate-specific antigen (PSA) is a
prostate marker that is useful in the early detection of prostate cancer
(Catalona et all991, Stenman et al2(05). PSA levels are determined
after a nodule is palpated on digital examination. If the level of PSA is
above 10ng/ml, there is a 66% chance that a subsequent biopsy will be

" Incidence
• Clinical relevance
• Therapeutic considerations

INCIDENCE

Prostate cancer is the most common male cancer in the US, accounting
for approximately 32% of all newly diagnosed cancers in men (Iemal
et aI2(05). It is also the second leading cause of cancer deaths in men
in the US, accounting for 13% of all male cancer deaths (Koys &
Bubley 2001, Calabrese 2004). In 2005, it is estimated that there were
232000 new cases of prostate cancer diagnosed in the US, with 30000
deaths (lemal et aI2(05). The rates of prostate cancer vary between dif
ferent populations (Table 40.1), and there are factors that may lead to
familial clustering of cases (Gronberg 2(03). The median age of onset
is 70 years, making it a distinct geriatric problem; the incidence
increases for each decade after the age of SO. It is a curious fact that the
incidence of histological prostate cancer at autopsy increases with
advancing age, from 5-14% for individuals in their 50sto~% for
those in their 90s (Kassahian & Graham 1995). This is rather constant
across cultures and countries, although the incidence of frank prosta
tic cancer is low in Japan, for example. With the aging of the popula
tion, it is expected that the incidence of prostate cancer will rise.

Although the exact etiology of prostate cancer is unknown, there
appears to be a hormonal relationship as many tumors respond to
orchidectomy, implying that testosterone augments cancer growth in
men. The precise factors that serve to facilitate or enhance the gradual,
if not multistep, transition of a benign epithelial cell to adenocarci
noma are unknown. Cancer of the prostate has been found to occur at
a disproportionately higher rate in certain industrial workers - those
who work with cadmium, tire and rubber, and sheet metal (Carter
1989). The exact reason for this increased incidence is unknown.
Familial factors may playa role but this hasnot been fully elucidated.

CLINICAL RELEVANCE
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Almost 60% of prostate cancer patients will have clinically localized
cancer at diagnosis, making cure a real possibility. Frequently,

Country

Australia/New Zealand

Canada

Caribbean

China

Ecuador

Egypt

Iraq

Northern Europe

South African Republic

South America

United Kingdom

United States

World

Crude rate per 100000
population

27.6

25.8

25.7

0.9

13.6

2.1

1.5

35.9

10.8

13.1

33.5

22.8

7.1
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Figure 40.1 Prostate cancer staging. Drawing showing a side view of normal male anatomy andclose-up views of stage I, stage II,
stage III and stage IVcancer. Asprostate cancer progresses from stage I to stage IV,the cancer cellsgrow within the prostate, through
the outer layer of the prostate into nearby tissue andthen to lymph nodes or other parts of the body.
(From the National Cancer Institute, with permission.) Author: Terese Winslow (artist).

positive. The use of PSA levels as a screening tool for the general geri
atric male population is still under investigation. However, a baseline
('SA should be taken in men after the age of 50 and repeated at inter
vals. Because the early detection of prostate cancer is only now becom
ing a reality,it will be some time before the effect of the PSA tool on the
natural history of the disease and survival in patients can be fully eval
uated. Continued investigation will be necessary to determine the true
value of both screening and clinical staging procedures (see Fig. 40.1
for a representation of staging for prostate cancer). Prostatic acid phos
phatase (PAP) is used to detect metastatic disease, as elevated levels
signify spread to at least the lymph nodes (Syrigos et al2(05).

Prostate carcinoma, like breast and lung cancer, spreads both Iym
phatically and hematogenously, with the regional lymphatics
involved in over 60% of cases at diagnosis. Most patients who die of
prostate cancer have relatively successful local tumor control.
Metastatic disease develops in the vast majority of fatal cases and, as
in breast cancer, the favored site is the bone. Similarly to tumors of
the chest or chest wall, Batson's vertebral plexus of veins allows easy
access to the axial skeleton. In total, 70% of patients develop bony

metastases, most commonly in the sacrum, pelvis, lumbar spine and
femur (WineU& Roth 2005). The osseous metastases may cause con
siderable pain and disability, making management of these patients a
challenging clinical problem. For reasons that are not entirely clear, the
metastases are usually blastic rather than osteolytic, and occasionally
mixed patterns are seen. For this reason, pathological fracture through
metastatic lesions is seen much less frequently in prostate carcinoma
than in metastatic breast cancer. Bony pain, however, may be severe
and out of proportion to the extent of bone involvement or the number
of bones involved.

Spinal involvement may lead to epidural spinal cord compression
(Benjamin 2(02). As in breast and lung cancer, this complication has
increased markedly, partly because of the fact that patients are living
longer with spinal disease, long enough to develop the complication.
Epidural spinal cord compression is treated in the same way as com
pression arising from other primary tumors; full spinal cord rehabili
tation efforts are employed as tolerated by the patient. Surgery plus
radiation therapy was found to be better than radiation alone in
allowing patients to remain ambulatory and continent.



Other distant organs may be involved, usually late in the disease
course, with the lungs, liver and pleura the most common sites (Hall
et al 2(05). Occasionally, prostate cancer can spread beyond the
regional pelvic lymph nodes to other lymphatics, such as lumbar,
para-aortic and even mediastinal and chest nodes. Large tumors
here can also compress organs in close contiguity, causing symptoms
that are referable to that organ. Patients with widespread metastatic
disease from prostate cancer are quite debilitated and appear older
than their stated age.

TH ERAPEUTIC CONSI DERATIONS

Although, at present, there is no cure for patients with extensive bone
or visceral metastases, surgery, radiation therapy, hormonal therapy
and chemotherapy have all been used to combat this disease with
varying degrees of success. A radical prostatectomy through the
retropubic route is the surgical method of choice; this involves resec
tion of the prostate gland, seminal vesicles and a section of the bladder
neck. At the time of this procedure, pelvic lymph nodes are removed
and sampled for tumor involvement. Although pelvic lymphadenec
tomy is not therapeutically curative when spread is present, it offers
palliation and allows for precise staging, as these nodes are the first
sites of metastatic disease in the majority of cases. A laparoscopic
approach to the pelvic node dissection can be employed in patients
with suspected node involvement but for whom radical prostatec
tomy is not an option. A nerve-sparing procedure is employed, in
which the capsular and periprostatic nerves are spared, and offers a
greater chance for preserving potency in many patients. In the past,
impotence as an operative sequelae was an almost certainty in radical
prostatectomy. Even in older individuals, preservation of sexual func
tion can be an important issue that needs to be addressed so that
appropriate psychosocial intervention can be begun, if desired.

Highly focused modem radiotherapeutic techniques enable a large
dose of radiation (60-70Gy) to be delivered to the patient with rela
tively little morbidity. Pelvic lymph nodes can also be irradiated.
However, the major role of radiation therapy is still to control bone
pain from metastases, at which it is extremely effective. Patients can
also undergo a surgical or chemical orchidectomy with good local or
systemic control of disease for 2-3 years (Pienta & Smith 2(05). A
wide variety of chemotherapeutic agents have been employed and it
is currently accepted that chemotherapy increases survival in
patients with hormone-refractory prostate carcinoma. Current regi
mens employ docetaxel, mixantrone and zolendromic acid. No
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schedule of drugs is uniformly efficacious and research in this area
continues. Cancer cells exist in complex humeral microenvironments
that afford multiple therapeutic targets. Bisphosphonates, which
inhibit osteoclast action, have been shown to be effective in hormone
refractory prostate cancer (Pienta & Smith 2(05).

It appears that both radiation therapy and surgery are equally effec
tive, especially in early disease. For large tumors, with expected spread
beyond the prostate gland, biological recurrence is seen in 90% of
patients at the end of 3 years. On occasion, the clinical course of
prostate cancer is indolent and carries a slow decline in function and
mobility.There will be comorbidities in the elderly and extensive bony
lesions notoriously lead to general debilitation.

In terms of rehabilitation, it is important to remember that patients
with prostate cancer, even the elderly, will generally survive for more
than 1-2 years and that therapeutic intervention, designed to maxi
mize function and mobility, are standard in patient management. For
patients who undergo surgical treatment, it is important to begin gen
tle exercises and assume the erect bipedal posture as soon as possible
because postoperative pain encourages hip/trunk flexion, which may
develop into contractures. Severe spinal involvement may lead to
restricted motion and a bedfast condition, and even turning and posi
tioning may require assistance. Most patients are elderly and, as
mentioned previously, they will have concomitant diseases that them
selves influence function. Light range-of-motion exercises and arnbu
lation with appropriate assistive devices, usually a walker, can both be
used and should be encouraged in all patients. Examples of appropri
ate exercises are active shoulder abduction and flexion, scapular mobi
lization, and active hip flexion and knee flexion from supine.
Although bony lesions are usually osteoblastic, lytic lesions may occur
and fractures are treated accordingly. Orthotic devices to stabilize the
spine in extensive disease tend not to be tolerated well in the elderly
and weight and pressure of a brace may actually aggravate symptoms
and bone pain in some patients. Degenerative joint disease of the
spine may complicate the clinical picture. Transcutaneous electrical
nerve stimulation (TENS) can be used on occasion for pain control,
lessening the amount of narcotics needed for effective analgesia.

In summary, in the US, prostate carcinoma ranks as number one
for incidence and number two for cancer deaths in men. With the
possibility of diagnosing the illness in its early stages, when it is con
fined to the prostate itself and therefore curable by surgery/radiation,
many more survivors of prostate cancer will be found among the eld
erly. Prostate cancer is an example of a cancer that demonstrates both
an increase in survival rates and the length of survival time.
Healthcare practitioners will need to respond with appropriate inter
ventions and treatments to assure that this trend continues.
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INTRODUCTION

All exercise requires the coordinated function of both the heart and
lungs, as well as the peripheral and pulmonary circulations, to trans
port nutrients and exchange the oxygen required to support muscu
lar contraction and movement. Age-related cardiovascular and
pulmonary changes have been described earlier (see Chapters 6 and
7).This chapter primarily presents an overview of endurance or aer
obic exercise considerations for normal age-related changes. Other
chapters discuss appropriate exercise interventions for specific car
diovascular and pulmonary pathologies (see Chapters 44-47) as well
as additional information related to muscle strengthening (see
Chapter 16).

The availability of oxygen and the body's ability to utilize it dur
ing physical activity is a key performance factor of therapeutic
exercise and related interventions. The Fick equation, V~ =
CO X a-v~ concisely represents this concept, where V~ represents
the volume of oxygen/min/unit of body weight that is utilized dur
ing a specific activity; CO is cardiac output; and a-v~ is arteriove
nous difference. V~(max) is the maximum amount of oxygen that the
body can obtain and utilize for any physical activity. This can also be
described as a person's physical fitness level or functional capacity.
The amount of oxygen that the body can obtain and effectively uti
lize is dependent on two factors: (i) the delivery of oxygen-rich blood
to metabolically active tissues, especially muscles; and (ii) the ability
of these tissues to extract and utilize the delivered oxygen. The deliv
ery factor or central component is dependent on CO, which is a
product of heart rate (HR) and stroke volume (SV). The peripheral
component is represented by the arteriovenous difference (a-v~), or
the difference between the oxygen content of the arterial blood enter
ing the metabolically active tissue and the amount of oxygen left in
the venous blood that is returned to the heart. Cardiopulmonary
dysfunctions are usually a result of impairments in the delivery sys
tem (McArdle et al 2000).

EXERCISE CONSIDERATIONS

When developing an exercise program or prescription, it is impor
tant to consider the following:

• medical screening or clearance;
• informed consent;
• baseline functional capacity;
• consideration of the mode, intensity, frequency and duration;
• gradual progression;
• safety;
• motivation;
• regular reevaluation.

Screening and informed consent

Aging has some immutable factors that increasea person's risk for exer
cise. Many disorders do not demonstrate significant clinical signs dur
ing regular daily activities but they may become evident during
exercise. The American College of Sports Medicine (ACSM 2000,
2(06) defines individuals at moderate risk of having coronary artery
disease as men aged 45 or over and women aged 55 or over, or those
who meet the threshold for two or more of the risk factors shown in
Box 41.1. Thus, by virtue of age alone, all elderly individuals fall

lOx 41.1 Risk f8c:tors far eon»nary artery disease

1. Family history: myocardial infarction or sudden death in
first-degree relative (male before the age of 55 and
female before the age of 65)

2. Current cigarette smoking
3. Hypertension: ~14O/90mmHg
4. Dyslipidemia: total serum cholesterol >200 mg/dL; or

LDL > 130mg/dL and HDL <40 mg/dL
5. Impaired glucose fasting or diabetes mellitus: fasting

blood glucose ~100mg/dL on at least two separate
occasions

6. Obesity: body mass index> 30kg/m2

7. Sedentary lifestyle/physical inactivity: sedentary jobs
involving sitting for a large partof the day and noregu
lar exercise

From ACSM 2000. 2006. with permission from Uppincott Williams Et Wilkins.
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within this category. High-risk individuals are defined as anyone
having one or more of the signs and symptoms listed in Box41.2or
known cardiovascular, pulmonary, or metabolic disease.

Medical examination and exercise testing are recommended for
both categories of individuals before beginning vigorous exercise
training. Vigorous exercise is defined as activities requiring more
than six metabolic equivalents (METs) of functional capacity. For the
elderly in the moderate-risk category only, who plan to engage in
moderate exercise training, medical screening is not necessary.
Moderate exercise training entails activities requiring three to six
METs. However, although training at this level may be designated as
screening 'not necessary', it should not be deemed inappropriate.
Examination and evaluation should always guide a clinician's deci
sions in this area (ACSM 2000,2006). It is also important to identify

Box 41.2 Symptoms or signs suggestive of
cardiopulmonary disease

1. Pain, discomfort (or other angina equivalent) in chest.
neck, jaw, arm or other areas that may be ischemic in
nature

2. Shortness of breath at rest or with mild exertion
3. Dizziness or syncope
4. Orthopnea or paroxysmal nocturnal dyspnea
5. Ankle edema
6. Palpitations of tachycardia
7. Intermittentclaudication
8. Known heartmurmur
9. Unusual fatigue or shortness of breath with usual

activities

From ACSM 2000, 2006, with permission from Lippincott Williams a
Wilkins.

the medications that a patient is taking. Regular use of cardiovascu
lar drugs, tranquilizers, diuretics and sedatives can affect the physio
logical response to exercise.

Patient/clients who are receiving skilled therapeutic rehabilitation
services regularly sign informed consent forms before treatment.
Informed consent is an important ethical and legal consideration,
particularly for health promotion services that may not be covered
by insurances. The participant should know the purposes and risks
associated with an exercise program and testing.

Baseline functional capacity
Establishing a baseline functional capacity is essential for those who
intend to participate in an exercise program. As the individual pro
gresses through the exerciseprogram, comparison of the initial exercise
test with subsequent tests will provide feedback regarding the individ
ual's success in the program. Such assessments have been shown to
playa significant role in decreasing attrition rates in exerciseprograms.

The selection of a graded exercise test should take into considera
tion the purpose of the test, desired outcome and the individual being
tested. A graded exercise test protocol must effectively challenge the
patient/client but not be too aggressive. Figure 41.1 gives the meta
bolic costs of selected treadmill tests (ACSM2000,2006). Tests can be
categorized into single-stage and multi-stage tests. An example of a
single-stage exercise test is the 6- or 12-min walk test (Steffen et al
2002). Multi-stage exercise tests include treadmills, cycle ergometers
and step tests. The Naughton-Balke, modified Balke (Table41.1)and
modified Bruce treadmill protocols are recommended for decondi
tioned individuals or patients with cardiovascular or respiratory dis
ease (ACSM 1991). Heart rate, blood pressure, respiratory rate and
possible electrocardiogram (ECG)responses should be recorded min
imally at rest, immediately upon completion of testing and until the
person regains their pretest or resting measures. It is also highly
recommended that vital signs be monitored throughout the stages of
the test.

Figure 41.1 Metabolic cost of selected treadmill test protocols. One metabolic equivalent (MET) signifies
resting energy expenditure, equivalent to approximately 3.5 mL of oxygen uptake/kg of body weight/min.
Unlabeled numbers refer to treadmill speed (top) and percentage grade (bottom).
(From Wenger NK, Hellerstein HK 1992Rehabilitation of the Coronary Patient, 3rd edn,Churchill-Livingstone, NewYork,
p 150,with permission.)
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intermittent walking protocol are illustrated by the Senior's Walking
Exercise Program in Tables 41.2 and 41.3 (Reynolds 1991).

Table 41.2 Seniors' Walking Exercise Program protocol:
continuous walking protocol"

Intensity

Prescribing the appropriate exercise intensity is the most difficultchal
lenge in designing an exerciseprogram. The two most common methods
for prescribing and monitoring exercise intensity are HR and rating of
perceived exertion (RPE). Because there is a linear relationship
between HR and percent functional capacity (VOz), HR is used to set an
exercise intensity range. Exercise intensities of 60-80% are generally
recommended for the younger population. However, in the elderly, an
exercise intensity of 40% of the HR reserve hasdemonstrated aerobic
and functional training adaptations (Pate et all995, ACSM2000,2006).

One of the oldest and easiest methods of computing intensity is to
use the percent of maximum HR (zero to age-predicted maximum).
Age-predicted maximum HR is calculated by subtracting the per
son's age from 220, with a potential adjustment of ::t10-15 beats per
minute (b.p.m.). However, this is a very conservative method that is
especially inaccurate at lower intensity target ranges. Therefore, the
Karvonen method is recommended for setting exercise intensity

Considerations for exercise prescription
In 1995, the Centers for Disease Control (COC) and the ACSM recom
mended that 'every USadult should accumulate 30minutes or more of
moderate-intensity physical activity on most, preferably all,days of the
week' (Pate et all995). In 1996,the Surgeon General's Report, Physical
Activity and Health (US Dept of Health and Human Services 1996),
advised that: 'Significantbenefits can be obtained by including a mod
erate amount of physical activity (e.g,30 minutes of brisk walking or
raking leaves, 15 minutes of running or 45 minutes of playing volley
ball) on most, if not all, days of the week.... Additional health ben
efits can be gained through greater amounts of physical activity.'

The components of an exercise prescription include mode(s) or the
type of exercise, intensity, duration, frequency and progression of
physical activity. 'These five components apply when developing
exercise prescriptions for people of all ages and fitness levels,
regardless of the individual health status' (ACSM2006).

Modeofexercise

Activities can be classified into two groups: continuous or sustained
activities and discontinuous or intermittent exercise. Any activity
that requires work from large muscle masses for a prolonged period
of time will elicit an exercise training response from the cardiovas
cular and pulmonary system. Discontinuous or intermittent exercise
activities are often required for those with low functional capacities
or any condition that limits performance, such as chronic obstructive
lung disease, intermittent claudication, moderate cardiovascular
disease and orthopedic limitations. Examples of a continuous and

Table 41.1 Naughton-Balke and modified treadmill protocols

Walk

Walk

Walk

Walk

Walk

Time (min)

45-50

34-38

27-30

23-25

17-19

Frequency (times/week)

3

4

5

6

8 (or twicea day, 4 times a week)

From ACSM 1991, with permission from Lea a Febiger.

From Reynolds (1991), with permission fromWolters Kluwer.
·1. At thestartof thewalking program, donotallowthe client to walkfor
longer thanthe time indicated onthe exercise test. 2.To increase theclient's
motivation and sense of control, the clientshould choose howoften
(frequency) theywill exercise perweek. 3.The clientshould determine how
long theywould liketo walkand setthat asthe timegoal. 4. Expect to
progress at a rateof 2-5 min/week until the timegoal has been achieved.

Table 41.3 Seniors' Walking Exercise Program protocol:
intermittentwalking protocol"

Stage Exercise (min) Rest (min) Total exercise (min)

1 2 6

2 3 9

3 4 12

4 5 15

5 6 18

6 7 21

From Reynolds (1991), with permission fromWolters Kluwl!r.
"Repeat each walk/rest cycle three times. Do not progress to the nextstage
until three cycles can comfortably becompleted within setexercise tolerance
parameters. Recommended frequency, 5-7 times perweek.
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Box 41.3 Calculating targetheart rate range with
the Karvonen method

range; this uses the HR reserve, which is the difference between rest
ing HR and maximum HR. If the results from a graded exercise test
are available, then the maximum HR achieved in this test is utilized
as the maximum HR. If not, the age-predicted maximum HR for
mula is used (ACSM 2000,2006). The calculation of the target HR
range for exercise intensity ranging from 40-60% in an individual of
70 years with a resting HR of 6Ob.p.m. is illustrated in Box 41.3.

Individuals with cardiovascular disease are frequently taking med
ications, such as digoxin or beta blockers, which blunt the HR
response to exercise. Measures such as Borg's RPE can alsobe used to
prescribe intensity (see Table 41.4). RPE is a widely used measure,
which quantifies the subjective sensation of physical exertion. It corre
lates closely with several measurable variables such as peak V~ and
percent HR reserve. It can be used to prescribe intensity, especially

Maximal heart rate
Subtract age
Equals
Subtract resting heart rate
Equals heart rate reserve
Multiply byOfo intensity
Equals
Add back resting heartrate
Target heart rate range for 4O-6QOIo

220
-70
150
-60

90 90
X40 X60

36 54
+60 +60
96b.p.m. to 114b.p.m.

Table 41.4 Borg's original and revised rating of perceived
exertion (RPE)

Original category RPE scale Revised category-ratio scale

Value Description Value Description

6 0 Nothing at all

7 Very, very light 0.5 Very, very weak

8 Very weak

9 Very light 2 Weak

10 3 Moderate

11 Fairly light 4 Somewhat strong

12 5 Strong

13 Somewhat hard 6

14 7 Very strong

15 Hard 8

16 9

17 Very hard 10 Very. very strong

18 • Maximal

19 Very, very hard

20

From Borg GA (1982).Scales e Amcrican Collcgc ofSports Mcdicinc. withper-
mission from Lippincott Williams Et Wilkins.

when a person is taking a medication that alters the cardiopulmonary
response to exercise. The original category RPE scale is numbered
from 6-20. Although the numbering system may appear unusual, it
correlates HR with a specific number. For instance, the number '11',
described as 'fairly light' exertion, generally corresponds to a HR of
110. An RPE of 11-16 associates closely with exercise intensities of
50-75%. Numerous studies have demonstrated reproducible results
among a wide variety of individuals using this scale. The newer cate
gory-ratio scale, numbered from 0-10, was designed with the percep
tion that exercise intensity appears to increase as a power function
rather than a linear progression. It allows for more fine tuning for sub
jective responses to small increases in objective exercise intensity.
Whichever method is used, it is critical that all individuals are edu
cated in its application to ensure that ratings are reliable and valid.

Duration

Duration is inversely proportional to intensity. A conditioning
response is the result of the interaction of intensity and duration of
exercise. The lower the intensity, the longer the duration needs to be.
TIle ACSM (2000) recommends 2Q-60min of continuous or intermit
tent (to-min bouts) aerobic activity, accumulated throughout the day.

Frequencv

Frequency refers to the number of exercise sessions per week that are
included in the exercise prescription. It depends on a person's initial
functional capacity. The ACSM (2000) recommends an exercise fre
quency of 3-5 times per week for individuals who have a higher
functional capacity and can tolerate a greater exercise intensity. The
frequency of exercise for those with a low functional capacity should
be more frequent, even daily. Multiple brief daily sessions are advised
for patient/clients with an aerobic capacity of less than three METs.

Progression of physical activity
The rate of exercise progression depends on several factors including
the individual's functional capacity, medical status, age, activity pref
erence and individual goals. Increases in the patient/client's exercise
intensity or duration are made as the person adapts to training within
the constraints of avoiding musculoskeletal injury or debilitating
fatigue. The ACSM offers an example of exercise progression using
intermittent exercise for individuals with a functional capacity of less
than and greater than four MEl'S (Table 41.5) (ACSM 2006).

Parameters for progression that have guided this author for over
10 years involve monitoring the patient/client's HR, blood pressure
and respiratory rate/rhythm/pattern during exercise and through
recovery, in conjunction with related signs and symptoms such as
pain, sweating and fatigue. Progression in the exercise program is
advised when the individual recovers their near-resting HR and blood
pressure within 5 min, and respiratory rate and effort within 10min.
Although the latter measure may seem long, it is especially necessary
for patients with respiratory pathologies. Resting or baseline respiratory
effort for patient/clients with respiratory pathologies is often 1+ on
the dyspnea scale (see Table 41.6). Any exercise program will
increase their dyspnea level, which should never be allowed to go
above 3+. Because the respiratory system is already compromised,
return to baseline will take longer.

Exercise participants should be strongly encouraged and taught to
monitor their HR, blood pressure and respiratory effort and share
the information with their therapist. Minimally, an individual
should know how to monitor their pulse and breathing. They should
also be aware of the signs of exercise intolerance. Guidelines to end
ing an exercise session are listed in Box 41.4. Maintaining an activity
log, such as the one in Form 41.1, provides useful feedback to both
the participant and health professional.
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Table 41.6 Assessing dyspnea

"From ACSM (2006).
'from Reynolds (2000); referred toby colleagues as author's 'Talk Test:

Table 41.5 Example of exercise progression using
intermittent exercise

Total
minutes Minutes of Minutes

Week %Fe at% Fe exercise of rest Repetitions

Functional SO-50 15-20 3-5 3-5 3-4
capacity 2 SO-50 15-20 7-10 2-3 3
(Fe) > 4 METs

3 60-70 20-30 10-15 Optional 2

4 60-70 30-40 15-20 Optional 2

Functional 4O-SO 10-15 3-5 3-5 3-4
capacity 2 40-50 12-20 5-7 3-5 3
(Fe) ... 4 METs

3 SO-50 15-25 7-10 3-5 3

4 SO-50 20-30 10-15 2-3 2

5 60-70 25-40 12-20 2 2

6 Continue with two repetitions ofcontinuous
exercise with one rest period, orprogress toa
single continuous bout

From ACSM Guidelines for Exercise Testing and Prescription.

Progress is recognized as an increase in the individual's V02(max) or
an increase in the MET level of activity. Increased distance, speed,
repetition and weights all indicate improved exercise or workload
tolerance. This improved response can be verified when retesting the
patient using the same pretest protocol. An individual having a pos
itive training response will achieve the established workloads at a
lower HR and systolic blood pressure. There have been some obser
vations that the older adult with cardiac disease may experience a
greater relative improvement in response to an exercise program
than their younger counterparts. A possible explanation is that,
because exercise has not been part of their regular physical activity
for several years, there is a greater percentage of improvement from
their baseline (Williams 1996).

Box 41.4 Guidelines for termination of In exercise
session

These signs and symptoms aregeneral indicators of
exercise intolerance:

1. Severe breathlessness: only able to speak in two to
three word sentences

2. Drop in heart rate of>10b.p.m. with an increased or
continuous steady workload

3. Drop in systolic blood pressure of >20 mmHg while
exercising

4. Light-headedness, dizziness, pallor, cyanosis, confusion,
ataxia

5. Loss of muscle control or fatigue
6. Onset of angina, tightness or severe pain in chest, arms

or legs
7. Nausea or vomiting
8. Excessive rise in blood pressure: systolic blood pres-

sure ;;;.220 mmHg or diastolic blood pressure
;;;'110mmHg

9. Excessively large rise in heart rate of >50 b.p.m. with
low-level activity

10. Severe legclaudication: 8/10on a 10/10 pain scale
11. ECG abnormalities: ST-segment changes and multifocal

premature ventricular contractions >30% of complexes
12. Failure of anymonitoring equipment

Dyspnea scale'

1 light, barely noticeable

2 Moderate, bothersome

3 Moderately severe. very
uncomfortable

4 Most severe or intense
dyspnea ever experienced

lnterpretatlon"

o Breathing normally
1+ Noticeable only to individual but

notobserver

2+ Use of accessory muscles noted by
observer

3+ Only able to speak in twoto three
words between breaths

4+ Unable to speak and must stop
activity

COMPONENTS OF AN EXERCISE SESSION

When the exercise prescription has been established, it should be
integrated into a comprehensive physical conditioning program.
The training program has three primary components: warm-up,
stimulus or endurance phase, and cool-down. Sometimes, recre
ational activities are added between the stimulus and cool-down
phase. The beginning warm-up phase usually lasts for 5-10 min. The
purpose is to facilitate the transition from rest to exercise. It reduces
susceptibility to musculoskeletal problems, which is especially
important in the elderly. Activities may include flexibility or stretch
ing exercises and low-intensity exercise that will be progressed to a
higher intensity in the stimulus phase.

The activities in the stimulus phase vary according to the individual
goals of treatment and may include flexibility, resistance and/or

endurance (cardiovascular and pulmonary) training. This phase can
last for 2Q--6()min. When both endurance and resistive training are
part of an exercise program, they are usually done on alternate days
of the week and not on the same day.

Cool-down is an important component of a safe program for both
healthy individuals and patient/clients with disease. It decreases
exercise-induced circulatory changes, including returning HR and
blood pressure to baseline. It also facilitates the dissipation of body
heat produced by exercise and attenuates venous return, reducing
the potential for post-exercise dizziness and hypotension. This phase
lasts for 5-10min and usually includes exercise with diminishing
intensity and stretching (ACSM 2006).

In summary, Williams (1996)offers a well-rounded exercise train
ing program for older adults with cardiac disease (Box 41.5). His
recommendations incorporate all of the considerations that have
been discussed in this section.



256 CARDIOPULMONARY DISEASE

----------- -- -----------------------
Form 41.1 Prototype activity log to be used by patients with cardiovascular disease in order to record
specific exercise considerations before and after exercising
--------- ------------------------------

Activity Log

Name _

Date _

Time of day _

Heart rate before exercise _

Heart rateafter exercise _

Heartrate 5min after exercise _

Blood pressure before exercise _

Blood pressure after exercise _

Blood pressure 5minafter exercise _

Exercise activity and minutes of activity _

Pain (Y= yes; N = no).If yes, where? _

Fatigue, tiredness _

Weakness _

Sweating (amount?) _

Shortness of breath? How long? _

Rating of perceived exertion after exercise (RPE) _

Other comments _

--- -- ----- -------------------------- -------'

Box 41.5 General recommendltions when inltlltlng In exercise training program for elderly patients with cardiac disease

'. Warm-up: 5-10min of stretching and light activity
involving the large muscle groups before each session

,. Intensity. 50-80010 of peak oxygen uptake attained at
themost recent exercise test, corresponding to 60-85%
of the peak heart rate at same test

-, Frequency: participation 3-5 days/week
Duration: 20-40min of aerobic exercise broken up into
shorter periods, allowing for 1- to 2-min rest intervals
when appropriate
Mode: upper and lower extremity exercise using tread
mill walking, legergometry and arm ergometry
Cool-down: 5-10minof activitysimilar to warm-up

From Williams (1996), with permission from American Physical Therapy Association.

• Flexibility. 10-15min of staticstretching 'of the muscles
of each major body section', including head and neck,
shoulders, chest, trunk, hips, legs, knees and ankles

• Resistive training: 12-15 repetitions of a modest work
load (25% of body weight for larger muscle groups, such
as the quadriceps femoris muscle, and 10010 of body
weight for smaller muscle groups, such as the triceps
muscles), 4-8 stations, 2-3 sessions/week; always per
formed after the regular exercise session to provide for
adequate warming of various muscle groups and to
reduce likelihood of injury



CONCLUSION

Motivating and maintaining exercise participation is difficult to
achieve. Research has demonstrated a greater than 50% dropout rate
from most supervised exercise programs after 6 months (US Dept
of Health and Human Services 2(00). Exercise approaches that
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INTRODUCTION

Heart disease can begin early in the young adult with the fonnation of
atherosclerotic plaques on the walls of the coronary arteries. These
plaques lead to a decreased flow of blood through the coronary arter
ies resulting in less oxygen-rich blood perfusing the heart muscle; At
this point in time, the individual is diagnosed as having coronary
artery disease (CAD). When the heart muscle is not perfused with
enough blood to meet its demand for oxygen, the result is myocardial
ischemia, which presents as angina. As CAD becomes worse, angina
symptoms become more frequent and intense, which ultimately leads
to an acute myocardial infarction (AMI).

Heart disease is the single leading cause of death in the world and
is likely to increase (Anderson & Smith 2(05). Worldwide, ischemic
heart disease is estimated to cause 12.6% of all deaths annually (7.2
million deaths) (WHO 2005).In the US,heart disease accounts for 28.5%
of all deaths (Anderson & Smith 2005).Unfortunately, this is no longer
the exclusive problem of established market economies. The pro
jected increases in deaths from ischemic heart disease in the Western
economies between 1990 and 2020 are 32% for females and 45% for
males. In India, the same projected increases are 115% and 127%
respectively; in Latin America, they are 144% and 148% respectively;
in Asian and Pacific Islanders, 143% and 148% respectively; and in
sub-Saharan Africa, 125% and 141% respectively. The worst increases
are projected for the Middle East; 148% for females and 174% for
males (Milan Declaration 2004).

Arteriosclerosis is the most common cause of CAD. It generally
refers to the thickening and hardening of the arterial waIls, specifi
cally in the cardiac vessels. The underlying pathology in aortic
aneurysms and arterial disease of the vessels in the lower limbs and
brain is also arteriosclerosis (Hillegas & Sadowsky 2(01).

The normal aging process affects the arterial walls in a slow but con
tinuous fashion. The most common feature is symmetrical thickening

of the innermost wall (intima), which manifests as increased smooth
muscle and connective tissue. The lipid content in the arterial wall,
which is an accumulation of phospholipids and cholesterol, also
increases with age. These normal age-related intimal changes are dif
fuse, whereas atherosclerotic disease causes focal raised lesions in
addition to the aging process. The normal changes that occur with
aging result in a gradually increasing rigidity of the vessel walls.
Larger arteries can become dilated, elongated and tortuous, which
lead to the development of aneurysms, especially in areas of bifurca
tion, at vessel curvatures and at points with little external support
(see Chapter 9 for further information about age-related changes in
blood vessels).

ATHEROSCLEROSIS

Atherosclerosis is a patchy, nodular form of arteriosclerosis. The
lesions are distributed irregularly, with the aorta usually becoming
involved early and often being the area most severely affected.
Patchy changes also occur in the cerebral vessels, especially in the
carotid, basilar and vertebral arteries. The proximal portion of the
internal carotid artery is a commonly affected site, with a concentra
tion of lesions located near the bifurcation. Peripherally, lesions are
more common in the legs than the arms, with the majority of athero
sclerotic plaques found in the larger proximal vessels such as the
femoral and iliac arteries. Atherosclerosis of the coronary arteries is
also commonly widespread. The most usual site of plaques is within
the main part of each vessel, just after it arises from the proximal
ascending aorta (Blessey & Irwin 1996). However, lesions can be dis
tributed through the branch vessels as well. The degree of lumen
narrowing is variable; however, after the plaque reaches 40% or
more of the internal elastic lamina, luminal stenosis may occur
(Orford & Selwyn 2(05). The saphenous vein and internal mammary
artery are common vessels for coronary artery bypass grafts (CABGs);
the same process of atherosclerosis can subsequently develop in these
vessels, making CABG necessary again.

Angiographic visualization of deformity to a vessel lumen is still
the best evidence of silent atherosclerosis. Doppler probes to measure
blood Row,in conjunction with ultrasound, are excellent techniques for
determining the location of atherosclerotic plaques and narrowing of
lumens in carotid and femoral vessels but not for coronary or other,
more deeply set, blood vessels.

The development of atherosclerosis has recently been linked to
inflammation, and research has therefore focused on the role of
infections in the development of CAD (Singh & Deedwania 2(05).
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Inflammation and infection, such as with Chlamydia pneumoniae, gen
erate proinflammatory cytokines that promote increases in adhesion
molecules and procoagulants. C-reactive protein (CRP), an inflamma
tory marker, has been shown to be a good prognosticator for CAD.

When multiple risk factors are present, the possibility of atheroscle
rosis escalates. Traditionally, the most significant risk factors in the
causation and acceleration of atherosclerotic disease are generally
hypercholesterolemia, hypertension and cigarette smoking. Other fac
tors that play an important role include age, gender and genetics.
Some influence is also exerted by body habitus (obesity), diet, hyper
glycemia and diabetes mellitus, sedentary lifestyle, stress and person
ality type (Mosca et aI 2004, Orford & Selwyn 2005). However, more
recent studies indicate that male gender is no longer considered to be
a differentiating risk factor, for example the percentage of deaths in the
US from heart disease in 2002 was 28.4% for males and 28.6% for
females (Anderson & Smith 2005).

The clinical outcomes of atherosclerosis can be improved by remov
ing or reversing a single risk factor or group of risk factors. In particu
lar, alteration of diet, reduction of blood cholesterol levels, treatment of
hypertension and cessation of smoking are the major targets to prevent
the progression of atherosclerotic disease. Physical activity has been
shown to reduce the negative effects of some of these factors. Exercise
allows an individual to attain or maintain a higher metabolic rate,
which allows better caloric intake tolerance - one can enjoy a few more
calories without gaining weight. Reduction of blood cholesterol and
blood pressure along with successive reductions or elimination of
reliance on blood pressure lowering medications are other benefits of
exercise (Thompson et aI2oo3). The general rehabilitation exercise con
siderations presented in Chapter 41 are all applicable to individuals
with atherosclerosis. (Further evidence is available in DeTurk &
Cahalin 2004and Hillegas & Sadowsky 2(01).

MYOCARDIAL ISCHEMIA

Myocardial ischemia results from a deficient blood supply to the heart
muscle because of either obstruction or constriction of the coronary
vessels. Underlying this deficiency is an imbalance between the oxygen
supply and demand of the myocardial muscle cells. The majority of
diseased coronary arteries have fixed obstructions in the form of ath
erosclerotic lesions that lead to anginal symptoms. However, the
ischemia can also be caused by spasms of the coronary artery walls,
also known as Prinzrnetal's angina. Both are equally capable of
reducing the supply of blood and therefore of oxygen to the myocar
dial muscle cells.

Ischemia produces major changes in two of the important func
tions of a myocardial cell: electrical activity and contractility.
Alteration in electrical activity generates many of the electrocardio
gram (ECG) arrhythmias. Impairment of myocardial contractility
affects the function of the left ventricle and results in a reduced ejec
tion fraction (the amount of blood pumped out with each heartbeat)
and decreased cardiac output, which further compromises the blood
supply to the coronary arteries.

Angina pectoris
The term 'angina pectoris' describes paroxysmal or spasmodic chest
pain that is usually caused by myocardial cell anoxia and is typically
precipitated by exertion or excitement. It is estimated that 6.3 million
Americans experience angina (Alaeddini et al 2006). Stable angina is
characterized by episodic chest pain that usually lasts for 5--15min, is
provoked by exertion or stress and is relieved by rest or sublingual
nitroglycerin. The pain almost always has a retrostemal component

and commonly radiates into the neck, jaw and shoulders and down
the left or the left and right arms. Radiation to the back is also possi
ble. Additional symptoms, such as lightheadedness, palpitations,
diaphoresis, dyspnea, fatigue, nausea or vomiting, may accompany
the pain. Females and elderly individuals are more likely to present
with atypical symptoms (Tan et al 2(05). The specific ECG changes
seen with ischemia are usually indicated by ST-segment depression
of more than 1 mm, which occurs in about 50% of cases during an
acute attack (Alaeddini et aI2006).

Unstable angina represents a clinical state between stable angina
and acute myocardial infarction (AMI). It is also referred to as
crescendo or preinfarction angina. The clinical definition of unstable
angina includes any of the following subgroups: (i) exertional angina
of recent onset, usually within the past 4-8 weeks (which means that
all newly diagnosed angina is essentially unstable); (ii)angina of wors
ening character, either with increasing severity of pain, increasing
duration of pain, increasing frequency of pain or increasing require
ment for nitroglycerin; and (iii) angina at rest. Also included within
this group of unstable anginas is postinfarction angina, which, as its
name suggests, occurs after an AMI. It is important to remember that
it can occur within days or weeks of an acute infarction or even months
to years later (occurring after an angina-free period dating from the
AMI). Those who experience angina after successful coronary artery
bypass surgery are yet another group of individuals who are considered
unstable. Once again, the onset of pain may occur several months or
years after surgery.

Unstable angina is thought to be caused by a progression in the
severity and extent of coronary atherosclerosis, coronary artery spasm
or bleeding into non-occlusive plaques in the coronary artery. It even
tually results in complete occlusion of the artery. Studies have shown
that those with unstable angina have a 40% incidence of acute infarc
tion and a 1% incidence of death within a 3-month period. With
intensive education, treatment and avoidance of coronary risk factors,
the risk of infarction drops to 8% and early death to 3%. Therefore, it
is vital to recognize, hospitalize and treat patients with unstable angina.

Another form of angina is variant or Prinzmetal's angina. It occurs
primarily at rest and often without any precipitants, although expo
sure to cold air has been known to precipitate it. Unlike the other
types of angina, the exercise capacity in those with variant angina is
preserved. There is also a tendency for the pain to occur at about the
same time each day. Arrhythmia or conduction disturbances may
accompany episodes of variant angina. Considering that up to one
third of variant angina sufferers have no atherosclerotic disease of the
coronary vessels, the current theory of pathogenesis is that variant
angina is caused by the spasm of one or more of the coronary arter
iI'S.Spasm is not isolated to variant angina; it also seen in individuals
with typical angina and AMI. Unlike other forms of angina, history
alone is not adequate to diagnose variant angina. Also, unlike other
forms of angina, an episode of variant angina actually causes ST
segment elevation on an ECG.

Rehabilitation considerations for the
person with angina
Differentiating angina pain from non-angina and musculoskeletal pain
is challenging. The person experiencing the angina initially denies it
and passes it off as a musculoskeletal pain. It is commonly described as
pressure, squeezing or tightness in the substernal area. However, there
are other individuals whose angina presents in atypical areas such as
the jaw, neck, epigastric area or back. Table 42.1 presents some guide
lines for differential diagnosis (Irwin & Blessey 1996).

Angina can be quantified for evaluation purposes in two ways.
First, the rate pressure product (RPP), also called the double product,
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Table 42.2 Angina levels: an individual's subjective response
to discomfort

Table 42.1 Differentiation of nonanginal discomforts from
angina

ACUTE MYOCARDIAL INFARCTION

The vast majority of people with AMI have CAD but there is no uni
versal agreement about exactly what precipitates the acute event.
Current concepts concerning the immediate cause of AMIinclude the
interaction of multiple trigger factors:progression of the atherosclerotic
process to thepoint of complete occlusion;hemorrhage at the site of an
existing, narrowing coronary artery embolism; coronary artery spasm;
and thrombosis at the site of an atherosclerotic plaque. Previous
approaches to the treatment of AMI, such as resting the cardiovascular
system while monitoring and treating only the complications, if they
develop, is being replaced by interventions that are aimed at revers
ing the precipitating causes of the infarction (Circulation 2005).

Like ischemia, infarction produces changes in the electrical depo
larization and contractility of myocardial cells. These functions are
important and derangement in one or both of them can cause the
common complications of AMI. During the first few hours after the
onset of pain, there are areas of infarction interspersed with or sur
rounded by areas of ischemia; therefore, in the early phases, infarc
tion is not a completed process. These ischemic areas can be saved by
the early application of medical and surgical therapy. The overall
amount of infarcted myocardium remains one of the most critical
factors in determining the prognosis, especially future morbidity
and mortality.

Arrhythmias such as tachycardias, ventricular ectopy, bradycar
dias and atrioventricular blocks are commonly seen in AMI and are
the major manifestations of the disruption of the electrical depolar
ization of the myocardial cells and the specialized conducting system.
The major result of impaired contractility is the failure of the left ven
tricular pump. Heart failure usually develops if 25% of the left ven
tricular myocardium is damaged. Cardiogenic shock is alsocommon
and involves more than a 40%impairment of left ventricular function
(Circulation 2005). If the papillary muscles of the mitral valve are
involved, acute mitral valve regurgitation may develop and cause
acute pulmonary edema and hypotension. Rupture of the myocardial
wall or ventricular septum, resulting from autolysis in the infarcted
area, can also occur and cause cardiac tamponade or an acutely
acquired ventricular septal defect. Both of these conditions can pres
ent as sudden death after AMI.

NoST-segment depression

Minimal additional symptoms

Nitroglycerin generally has no
effect

Occurs anytime, lasts hours

Muscle soreness, joint soreness,
evoked bypalpation or deep
breaths

Nonanginal discomfort
(chest wall pain)

Discomfort that increases in intensity, extends in
distribution, or both, but is tolerable; patientslows
activity in an attemptto decrease angina level

Severe chest pain that increases to intolerable levels;
patient muststop activity, take nitroglycerin, or both

First perception of discomfort or pain in the chest area;
does not require one to stopphysical activity

level 3

level 2

level 1

Associated with feelings of
doom, cold sweats, shortness
of breath

Often seen with 5T-segment
depression

---------------------
From Irwin Et Blessey (1996), with permission from Mosby.

Comes on at the same heart
rate and blood pressure and
is relieved by rest (lasts only
a few minutes)

Not palpable

Relieved by nitroglycerin
(30s to 1mm)

Stable angina

level4 The most severe pain imaginable (infarction-like pain)

From Ternes WC 1994Cardiac rehabilitation. In: Hillegass E, Sadowsky HS (eds)
Essentials of Cardiopulmonary Physical Therapy. we Saunders, Philadelphia,
PA, p 643,with permission.

is closely correlated with the myocardial oxygen requirement. It is
calculated by multiplying the heart rate by the systolic blood pres
sure. When these measures are calculated at the onset of angina
symptoms or ECG instability (ST-segment depression> 1 mm), it is
referred to as the angina threshold. A person with stable angina usu
ally develops symptoms at a consistent level of the RPP. Exercise
training programs can therefore be designed to keep the person from
reaching the anginal threshold by closely monitoring heart and sys
tolic blood pressure. Second, the subjective experience of the inten
sity of angina can be graded on a scale such as the one developed at
Ranchos LosAmigos Medical Center (Table42.2)(Ternes1994).

An individual known to have angina should always carry nitro
glycerin medication with them. When angina symptoms begin, one
tablet of nitroglycerin should be taken every 5min. If the angina pain
is not relieved after three tablets or 15min, emergency care should be
sought immediately.

Clinical aspects of AMI
The classic symptom of AMI is retrostemal chest pain, which is usu
ally the same as angina pain but lasts for more than 15-30min.
Individual variation in the site and radiation of the pain, and also in
the nature and severity of the pain, is very common. Associated fea
tures such as dyspnea, diaphoresis, palpitations, nausea and vomit
ing are common accompaniments but not allare present aU of the time.
The degree of heart muscle damage and extent of infarction is usually
independent of the presence of associated features or the severity of
the pain. A long duration of pain often indicates more damage. AMIs
in elderly patients, as opposed to those in younger individuals, are
likely to present with no pain or with a noncardiac type of pain or
altered mental status (Garas & Zafari 2006). Longitudinal studies
indicate that up to 25% of myocardial infarctions are not recognized
clinicallybut are diagnosed later in routine ECGs performed for unre
lated conditions. In addition, individuals with diabetes are more sus
ceptible to silent (painless) myocardial infarction.

The physical examination can be quite normal. Mild to moderate
increases in pulse rate are common despite the fact that inferior
infarcts are usually associated with bradycardia. The pain and the
activation of the sympathetic nervous system can cause elevation of
blood pressure. However, if left ventricle function is impaired by the
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pain. hypotension is more likely. Abnormal 53 and 54 heart sounds
can usually be auscultated. New systolic murmurs may cause great
concern as they can indicate that there is muscle damage affecting the
cardiac valves or causing regurgitation or that rupture of the septum
has occurred.

AMJs may involve the full or partial thickness of the myocardial
wall. Full-thickness infarctions are referred to as transmural; partial
wall thickness infarctions are subendocardial or nontransmural. In the
clinicalsetting, they are referred to respectively as Q-wave and non-Q
wave infarctions, depending on the presence or absence of pathologi
cal Q waves on the ECC. Mortality and complications depend on the
extent of myocardial damage rather than on the presence of Q waves;
however, Q-wave AMIs do tend to be larger and produce more
myocardial necrotic tissue. On the whole, non-Q-wave infarctions
result in lower in-hospital mortality but also in a far greater number of
complications, especially recurrent infarction and postinfarct angina.

Diagnostic tests
.---- ------

Electrocardiography is an important diagnostic test for an AMI.
However, only 50% of AMIs show diagnostic changes on the initial
ECG.The classical AMI produces a progression of ECG changes that
include ST-segment elevation, T-wave inversion and development of
significant Q waves. Both the pain and the ECGchanges resolve with
reliefof the ischemia and infarction. Localization of the AMI is impor
tant for prognosis, as the type and incidence of complications vary
with the site and size of infarction.

Damage to cardiac muscle cells results in the release of enzymes
into the bloodstream. Both the American College of Cardiology and
the American Heart Association state that troponin levels show the
best specificity and sensitivity for the diagnosis and prognosis of
AMI. Serum levels increase within 3-12 h of the onset of chest pain,
reach peak levels in 24-48h and decrease to baseline in 5-14 days
(Caras & Zafari 2006).Previously, the diagnostic standard was to mon
itor increasesof creatinine phosphokinase-myocardial band (CK-MB),
which occur within 3-12h after chest pain starts, peak within 24h
and decrease to baseline in 2-3 days. However, the sensitivity and
specificity are not as high as for troponin levels. Serial blood testing
for cardiac enzyme levels in the setting of suspected AMI is now rou
tine and is especially useful when ECC changes are nonspecific or
absent. CK-MB may also be elevated after cardiac surgery and car
diopulmonary resuscitation (Caras & Zafari 2006).

Echocardiography is a form of ultrasound that is used to identify
abnormalities in wall motion of regional cardiac muscles and also to
observe the function of the cardiac valves. Its primary use is in the
detection of complications of AMI that may need surgical interven
tion, such as rupture of the myocardial wall or valve damage. It is
also used after AMIs to determine the extent of impairment to car
diac function.

Radionuclide scans are also used to detect both ischemia and
infarction. Two radionuclides, thallium-201, which is taken up by
normal myocardial cells, and technetium-99 (also labeled sestamibi),
which is deposited in infarcted myocardial tissue, are commonly
used to determine the amount of cardiac tissue involved in AMIs.

Complications of AMI

Lethal arrhythmias are most common during the prehospital phase
of an AMI. The site of infarction does not usually influence the inci
dence of arrhythmias but it does play an important role in the type
of arrhythmias that occur. For example, sinus tachycardia is more
common with anterior AMIs, whereas sinus bradycardia frequently
accompanies inferior AMIs. Atrial fibrillation usually occurs within
the first 48h after an AMI and is often associated with heart failure.

Nearly all patients with acute AMis have premature ventricular con
tractions (PVCs), and their significance in heralding more serious
arrhythmias is still an issue for debate. Ventricular tachycardia always
requires intervention and, in a hemodynamically unstable patient,
immediate cardioversion is essential (Garas & Zafari 2006). Ventricular
fibrillation can occur early in the development of an AMI. It is nearly
always successfully managed with defibrillation, if this equipment is
available.

AMIs can also damage the conducting system, which leads to com
plete or third-degree heart block. The risk of developing complete
heart block is dependent on the site of infarction and the presence of
preexisting conduction disturbances, such as first- or second-degree
conduction disturbances, in conjunction with bundle-branch or fascic
ular blocks (Caras & Zafari 2006).

AMIs nearly always produce an impairment in left ventricle
pumping ability. The greater the area of damage, the more likely it is
that symptoms will be clinically apparent. Clinical findings, ranging
from no cardiac failure to mild failure and worsening pulmonary
edema to cardiogenic shock, correlate with an increasing likelihood
of mortality, for example there is a 5% mortality risk in cases with no
cardiac failure and an 80% risk with cardiogenic shock.

Cardiac wall rupture at the site of infarction occurs more often in
those with persisting postinfarction hypertension, in the elderly and
in those having a first AMI. The mortality rate from cardiac wall
rupture is about 95%, with 50% of the cases occurring in the first 5
days after AMI and 90% in the first 14 days postinfarction. Immed
iate surgical intervention and repair are essential for survival. The
risk of both venous thrombosis and pulmonary embolism is higher
after an AMI because of the prolonged bedrest required. Atrial fibril
lation, obesity and old age also contribute to this risk.

The return to physical activity

Early mobilization of individuals after an AMI, using a symptom
limited rehabilitation approach, is very important in the postinfarc
tion period. In the acute setting, the physician determines the upper
limits of exercise while considering the deconditioning effects of
bedrest and lack of exercise. For individuals who are asymptomatic
and do not show signs of ischemia, tolerance of exercise is more
important than exercising at a specific heart-rate intensity. Box 41.4
presents guidelines for termination of an exercise session and these
should be followed. Also, the American College of Sports Medicine
offers general criteria for exercising starting initially in the in-patient
setting and can be followed after hospital discharge. Their guide
lines suggest that the rate of perceived exertion from the board scale
(from 6-20) should be less than 13.This ranges in a description fash
ion from very, very light to fairly light. The value of 13 is described
as "somewhat hard." For the post-Ml, the heart rate should remain
less than 120 beats per minute or the resting heart rate should not
elevate more than 20 beats per minute (the arbitrary upper limit).
The intensity post-surgery should be resting heart rate +30 beats per
minute (arbitrary upper limit). The intensity of exercise post
myocardial infarction may be to tolerance if asymptomatic.

Again, according to the American College of Sports Medicine, the
duration of exercise can be intermittent with bouts lasting 3-5 min
utes. Rest periods may be taken at the patient's discretion lasting 1-2
minutes and should be shorter than the exercise bout of duration.
The total duration may be up to 20 minutes.

The frequency of exercise with early mobilization should be 3-4
times per day (days 1-3) and in later mobilization, two times a day
beginning on day 4. The exercise bout can be progressed initially
with increasing the duration of 1~15 minutes of exercise and then
increase intensity (American College of Sports Medicine 2(00).



CONCLUSION

Atherosclerosis leads to the development of CAD and ischemic heart
disease. Angina is a symptom of myocardial ischemia. Angina
pectoris is a retrosternal symptom, and other complaints of pain to the
neck, jaw, shoulders and upper extremities result from myocardial
anoxia, usually precipitated by exertion or excitement. Angina is com
monly denied and dismissed as a musculoskeletal complaint. Appro
priate therapeutic exercise training programs must be designed to
prevent the patient from reaching the anginal threshold. If anginal
pain is not relieved within 15 min, emergency care should be sought
because of the likelihood of having suffered an AMI. Progressively
increasing myocardial ischemia will ultimately lead to an AMI or the
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need for coronary artery bypass surgery. Much like angina, the classic
symptom of AMI is retrosternal pain; however, in AMI, the pain lasts
for more than 15-30 min without relief from rest or sublingual nitro
glycerin.1t is crucial to seek medical attention early because of the p0s
sibility of reversing the ischemia and preventing further infarction.
AMIs can cause conduction problems that result in arrhythmias and
ventricular fibrillation and, possibly, left ventricular failure. It is
important to resume physical activity with caution.
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Cardiac rhythm originates from and is controlled by specific areas
within the heart itself. These areas are called intrinsic pacemakers
and are responsible for the propagation of electrical impulses that
generally travel from the right atrium to the apex of the heart, and
activate both atria and ventricles in the process. Although these
impulses can pass from cardiac muscle cell to adjacent cardiac muscle
cell, there is a preferential tract that they follow along specialized
conducting tissue situated within the myocardium that minimizes
conduction time. This pathway is detailed in Fig. 43.l.

The primary intrinsic pacemaker is the sinoatrial (SA)node, situated
at the junction of the superior vena cava and the right atrium.
Electrical impulses travel from the SA node through the atria to the
atrioventricular (AV) node, which sits on the right side of the intera
trial septum. The rate of SA node discharge is controlled by the auto
nomic nervous system. Sympathetic stimulation increases the firing
rate whereas parasympathetic activity (vagal stimulation) lowers the
rate (Weiderhold 1988,Hillegass 2001,Mammen et aI2004).

Beginning at age 60, there is a pronounced decrease in the number
of pacemaker cells in the SA node. By the age of 75, less than 10% of
the cells found in the young adult remain. Similar changes occur in the
AV node and bundle of His but to a lesser extent (Kantelip et aI1986).

The depolarization of the atria corresponds to the P wave on the
electrocardiogram (ECG). The impulse conduction is slowed as it
traverses the AVnode, allowing time for atrial contraction to be com
pleted before ventricular contraction. This slowing or delay corre
sponds to the P-R interval on the ECG.After passing through the AV
node, the impulse passes into the bundle of His, down the interven
tricular septum and then divides into the right and left bundle
branches that supply impulses to the right and left ventricles respec
tively. The ventricular depolarization corresponds to the QRS com
plex on the ECG. The ST segment and T wave on the ECG are
produced by ventricular repolarization. Specifically, the ST segment

Figure 43.1 The conduction system. A, M and Pare theanterior,
medial and posterior interatrial tracts.
(From Goldman MJ 1979Principles of Clinical Electrocardiography, 10thedn.
Lange Medical Books, Los Altos, CA, with permission.)

is the absolute refractory period in which no depolarization of the
ventricles can occur. T-wave repolarization is also known as the
relative refractory period. During this time, the ventricles can be
stimulated to contract but the heart is still electrically unstable, and
depolarization in this period can progress to ventricular tachycardia
(Weiderhold 1988).

Each wave, segment and interval has certain normal characteristics,
which are identified in Figure 43.2.Variances are usually indicative of
different heart impairments. For instance, changes in the STsegment
and T wave classicallydemonstrate some type of myocardial ischemia.
Depression of the ST segment by more than 0.1mm is generally
indicative of ischemia and may also produce symptoms of angina.
T-wave inversion is usually a sign of ischemia and/or an evolving
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Fiqure 43.2 Graphic of ECG with all wave segments identified.
Normal P-R interval measures between 0.12 sand 0.20 s.
The normal duration for the OR5 interval is between 0.04 sand
0.10 s. Normal R-R intervals are regular and equally distanced; if
irregular, the distance between the shortest and longest is<0.12 s,
Normal values for the O-Tinterval depend on the heart rate.
A normal 5T segment is elevated or depressed by< 1mm.
(From Hillegass E1994Electrocardiography. In: Hillegass E, Sadowsky HS
[eds] Essentials of Cardiopulmonary Physical Therapy. WBSaunders,
Philadelphia. PAt with permission]

myocardial infarction. Other abnormalities are discussed in the fol
lowing text.

Many areas of the heart can depolarize spontaneously and rhythmi
cally.The rate of ventricular contraction will be controlled by the area
with the highest frequency of discharge. The SA node normally has
the highest rate and therefore the ventricles will follow the rate set by
the SA node. The normal cardiac cycle is termed normal sinus rhythm
because it originates in the SA node and is conducted along the nor
mal electrical pathway of the heart. Disturbances to cardiac rhythm
and conduction are classified in several ways, for example (i) heart
rate; (ii)site of origin for the delay or block; (iii) whether rhythm is reg
ular or irregular; (iv) mechanism of the arrhythmia; and (v) the ratio of
atrial to ventricular depolarization (P waves-QRS complexes).

BASIC RHYTHM DISTURBANCES AND
IMPLICATIONS

Abnormal cardiac rhythms can arise in the atrial muscle, the junc
tional region between the atria and ventricles or in the ventricular
muscle. These arrhythmias may be slow and sustained (bradycar
dias), occur as early single beats (extrasystoles or ectopic beats) or be
sustained and fast (tachycardias). Rhythm disturbances may decrease
cardiac output and potentially lead to orthostatic hypotension and
possibly heart failure. If the ventricular rate is too fast, the volume of
blood pumped with each contraction decreases. When the heart
beats too slowly, the contractions are not adequate to supply the
body's demands. In the normal adult, heart rates between 40 and 160
beats per minute (b.p.m.) are usually well tolerated as physiological

adaptations are able to maintain an adequate cardiac output and
blood pressure. However, problems can arise in those with signifi
cant vascular disease if the heart rate drops below 50 b.p.m. or goes
above 120 b.p.m, These alterations to rate can cause tissue ischemia,
with the heart being especially susceptible.

Different areas of the heart are able to initiate the depolarization
sequence if the SA node fails or, ifconduction is blocked, another area
will fire a depolarizing impulse and keep the heart beating. These sec
ondary sites have lower depolarization frequencies than the SA node
to avoid competition between pacing sites. As the heart is controlled
by whichever site is discharging most frequently, the SA node with a
rate of about 70 b.p.m. is the primary site of impulse initiation. If the
SA node fails, control will be assumed by a focus either in the atrial
muscle or around the AVnode (junctional region). Both of these have
spontaneous depolarization frequencies of~ b.p.m. If these fail,
or conduction through the bundle of His is blocked, a ventricular
focus will take over, with a rate of about 30-40 b.p.m. (Weiderhold
1988, Mammen et al 20(4). Therefore, the major mechanisms that
cause bradyarrhythmias are either depression of SA node activity or
blocks within the conducting system. In either situation, a supple
mentary pacemaker takes over to control the heart rate. If these sup
plementary pacemaker cells are located above the bifurcation of the
bundle of His, the rate will be adequate enough to maintain cardiac
output. Any bradyarrhythmia that causes hemodynamic compn>
mise of the heart muscle requires urgent medical intervention.

Junctional impulses can arise from the AVnode or above the bifur
cation of the bundle of His. The impulse then spreads retrogradely or
backwards through the atria and antegradely towards the ventricles.
Depending on the site of origin and the conduction velocity of the
impulse, and the refractory periods of the atria and ventricles, activa
tion of the atria may occur before, during or after depolarization of
the ventricle.

Any part of the heart can depolarize earlier than it should and, if it
initiates a heartbeat, this is called an extrasystole or ectopic beat.
Atrial ectopic beats cause abnormally shaped P waves on the ECG,
whereas junctional ectopic beats may have no P wave or a P wave
immediately before or after the QRS complex, depending on the site
of the ectopic focus within the junctional region. The QRS complexes
for atrial and junctional ectopic beats have the same configuration as
in normal SA rhythm. Ectopic beats arising in the ventricles do not
travel down the normal bundle branches. Therefore, they evoke
abnormally shaped QRS complexes, frequently referred to as wide
and bizarre, which are easily recognized on an ECG tracing.

Tachycardia refers to a clinical state in which the heart rate is over
100 b.p.m. Regardless of whether an ectopic focus is within the atria,
the junctional (AV nodal) region or the ventricles, it can fire rapidly
and repeatedly causing a sustained tachycardia. Bradycardia refers to
a heart rate that is less than 60 b.p.m. Urgent treatment is needed if
there is hemodynamic compromise of the cardiac muscle or rhythms
develop that have the potential to become life-threatening (Weiderhold
1988, Hillegass 2(01).

The following discussion of the common types of rhythm distur
bance will be categorized according to the anatomical site of the dis
turbance: supraventricular (atrial), junctional or ventricular. Each will
then be divided into the type of arrhythmia: slow, fast or ectopic.
Conduction blocks are discussed separately as a cause of bradycardia.

ATRIAL ARRHYTHMIAS

SA arrhythmia
In SA arrhythmia, the vagal nerves and changes in respiration can
alter the rate of SA node discharge. The ECG is normal except for the
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Figure 43.3 Sinus arrhythmia consisting of normal P-QRS-Tconfiguration with increasing and
decreasing intervals between complexes.
(From Thys D, Kaplan J 1987 The ECG in Anesthesia and Critical Care. Churchill livingstone, New York, with
permission.)

Figure 43.4 ECG tracing illustrating sinus bradycardia with a rateof approximately 50 beats perminute.
(From Weiderhold R1988 Electrocardiography: The Monitoring Lead. WB Saunders, Philadelphia, PA, p 189, with permission.)

Figure 43.5 Atrial tachycardia.
(From Cohen M, Michel TH 1988 Cardiopulmonary Symptoms in Physical Therapy
Practice. Churchill livingstone, New York, p 146, with permission.)

variable lengths of the R-R intervals (Fig. 43.3). Variations are com
mon, especially with changes in the rate of respiration. This rhythm
is very prevalent in young people and tends to decline with aging.
No treatment is required (Weiderhold 1988, Hillegass 2001,
Mammen et aI2004).

If evidence of hemodynamic compromise is present, then treatment
is needed. Drug treatment can be useful in the short term; however,
in those with symptomatic recurrent or persistent bradycardia, inter
nal cardiac pacing is indicated (Weiderhold 1988, Hillegass 2001,
Mammen et al 2004).

SA tachycardia
SA tachycardia is an acceleration of the SA node impulse discharge
rate (Fig. 43.5). The ECG has normal P waves and P-R intervals and
a 1:1 conduction ratio between the atria and ventricles. The atrial rate
is increased to between 100 and 160 b.p.m, The tachycardia may
result from a normal physiological response, as seen in infants and
children with exertion and emotions, especially anxiety. It may be
drug related, for example from the use of atropine, epinephrine
(adrenaline), alcohol, nicotine and caffeine. It may alsoreflect a patho
logical process such as fever, hypoxia, anemia, hypovolemia or pul
monary embolism. In many of these conditions, the increased rate is

-- ._----- --_._----------
SA bradycardia
SA bradycardia is a regular SA rhythm but with a SA node rate
below 60 b.p.m. (Fig. 43.4). The ECG has normal P waves and P-R
intervals and a 1:1conduction ratio between the atria and ventricles,
but an atrial rate of less than 60 b.p.m, It represents a suppression of
the SA node discharge rate, usually in response to normal physiol
ogy in athletes, during sleep and with stimulation of the vagus
nerve. It may be drug related, especially narcotics, beta blockers and
calcium-channel blockers. Pathologies that may produce a bradycar
dia rhythm include acute myocardial infarction, increased intracranial
pressure, hypersensitivity of the carotid sinus and hypothyroidism.
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FllJlIre 43.G Paroxysmal atrial tachycardia. also known assupraventricular tachycardia (SVT).
(From Phillips RE, Feeney MK 1990 The Cardiac Rhythms, 3rdedn, WB Saunders, Philadelphia, PA. p 154.with permission.)

IlljLJrt·l:l.1 Premature atrial contractions. P' indicates premature
atrial contraction on ectopic beat.
(From Summerall CP III 1991 Lessons in EKG Interpretation, 2nd edn.
Churchill Livingstone, NewYork, p 139, with permission.)

the result of the heart increasing cardiac output in an attempt to meet
the increased circulatory demands. Treatment of the underlying con
dition is indicated, especially in those with preexisting cardiac dis
ease, as increased cardiac output may further exacerbate any heart
problems (Weiderhold 1988, Hillegass 2001, Mammen et al 2004,
Larry & Schaal 2006).

)uprovcntriculur tocnvcardio

Supraventricular arrhythmias include any rhythm in which the
depolarizing impulse occurs above the level of the AV node. These
rhythms all have a normal QRS complex following depolarization.
Supraventricular tachycardia (SVT, also known as paroxysmal atrial
tachycardia) is a regular rapid rhythm that arises from any site above
the bifurcation of the bundle of His (Fig. 43.6).Sensations of palpita
tions and light-headedness are common with SVT. In those with
coronary heart disease, angina pain and dyspnea may occur because
of the rapid heart rate. SVTalso commonly occurs in those with poor
left ventricular function, heart failure and pulmonary edema. Treat
merit includes discontinuation of any causative drugs, use of a vari
ety of antiarrhythmic medications to control rate and the use of vagal
maneuvers (such as carotid sinus massage, Valsalva and immersion
in cold water) to slow the atrial rate. The physician may also perform
a synchronized cardiac conversion, especially with an unstable
patient with hypotension, pulmonary edema or severe chest pain
(Weiderhold 1988, Hillegass 2001, Mammen et al 2004, Larry &
Schaal 2(06).

Premature atrial contractions

Premature atrial contractions (PACs) originate from ectopic pacemak
ers located anywhere in the atrium other than the SA node (Fig.43.7).

The ECG shows ectopic P waves that appear sooner than the next
expected SA beat. The ectopic P wave has a different shape and/or
direction to a normal P wave. The ectopic P wave will not be con
ducted if it reaches the AV node during the absolute refractory period
but it will be conducted with delay (longer P-R interval) during the
relative refractory period. PACs that are conducted through the AV
node, bundle of His and the bundle branches will have typical QRS
complexes. PACs may appear at any age and are often seen in the
absence of heart disease. It is generally believed that stress, fatigue,
alcohol, tobacco and caffeine may precipitate PACs,although nothing
has been proven yet. Frequent PACsare seen in chronic lung disease,
ischemic heart disease and digitalis toxicity. Treatment involves ces
sation of precipitating causes and management of underlying disor
ders. If the PACs produce symptoms or sustained tachycardias, drug
therapy should be implemented, with the aim of suppressing the
PACs (Weiderhold 1988,Hillegass 2001,Mammen et aI2004, Larry &
Schaal 2006).

Atrial fibrillation
Atrial fibrillation occurs when there are multiple areas of the atrial
myocardium continuously discharging and contracting (Fig. 43.8).
Depolarization and contraction are so disorganized and irregular
that the atria quiver rather than contract uniformly. The atrial rate is
usually above 400 b.p.m., whereas the ventricular rate is slower
because it is limited by the AVnode refractory time. The ECG shows
fibrillatory atrial activity instead of P waves and an irregular ventric
ular response (Weiderhold 1988, Hillegass 2001, Mammen et al 2004,
Larry & Schaal 2(06).

There are primarily two problems with atrial fibrillation. First, the
atria do not depolarize and, consequently, there is no contraction of
the atria. Contraction of the atria can add up to 30% to the ventricular
volume, therefore, without it, cardiac output can decrease by up to
30%.Cardiac output is usually not affected in individuals who have
a ventricular response of less than 100b.p.m.; however, in an individ
ual with a resting heart rate of more than 100b.p.m, or who exercises,
signs of hemodynamic compromise may quickly be demonstrated.
Second, there is a danger of blood coagulating in the fibrillating atria;
a mural thrombus may form and subsequently lead to an embolus.
In total, 30% of all patients with atrial fibrillation develop emboli
(Hillegass 2(01).

Atrial fibrillation can occur either as a paroxysmal burst or a sus
tained rhythm. Rheumatic heart disease, hypertension and ischemic
heart disease are conditions in which atrial fibrillation commonly
occurs. Treatment depends on the overall condition of the patient.
Drugs can be used in the more stable patient. Response is best in
those in which the atrial fibrillation is treated shortly after onset. In
individuals who become hemodynamically compromised, cardiac
conversion or a pacemaker are other treatment choices (Weiderhold
1988,Hillegass 2001,Mammen et aI2004).
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Figure 43.8 ECG tracing of atrial fibrillation, with a ventricular response of 80 b.p.m. Notice the lack of
P waves and the irregular rhythm.
(From Hillegass E1994 Electrocardiography. In: Hillegass E, Sadowsky HS Ieds) Essentials of Cardiopulmonary Physical
Therapy. WB Saunders, Philadelphia, PA, p 377, with permission.)

Figure 43.9 ECG tracing of atrial flutter waves(arrows) with a variable block.
(From Weiderhold R1989 Electrocardiography: The Monitoring lead.WB Saunders, Philadelphia, PA, p 218, with
permission.)

Atrial flutter

The exact mechanism involved in the development of atrial flutter
is unknown but the problem seems to involve a small area of
the atrium only (Fig.43.9).The ECG characteristics include a regular
atrial rate of 250-350 b.p.m. and sawtooth-shaped flutter waves
in place of P waves. Atrial flutter rarely occurs in the absence of
preexisting heart disease. Incidence is highest in those with ischemic
heart disease or acute myocardial infarction but it can also be a
complication of congestive cardiomyopathies, myocarditis, pul
monary embolus, blunt chest trauma and dioxin toxicity. Atrial
flutter can occur as a transient arrhythmia between SA rhythm
and atrial fibrillation. Treatment consists of cardiac conversion or
medical therapy depending on the clinical status of the patient
(Weiderhold 1988, Hillegass 2001, Mammen et al 2004, Larry &
Schaal 2(06).

Figure 43.10 Junctional rate with sinus node arrest.
(From Cohen M, Michel TH 1988 Cardiopulmonary Symptoms in Physical
Therapy Practice. Churchill livingstone, New York, p 151, with permission.)

usually requires a permanent pacemaker (Weiderhold 1988,Hillegass
2001, Mammen et aI2004).

Tachycardia-bradycardia syndrome
(sick sinus syndrome)

Sick sinus syndrome occurs when there are problems with both
impulse generation and conduction, at or above the AVnode region.
Clinically, a variety of arrhythmias may be seen; fortunately, most
are transient. The main arrhythmias include atrial fibrillation, junc
tional tachycardia, SVTand atrial flutter. Intermittent SAbradycardia,
prolonged SA arrest and SA node block with AV node conduction
abnormalities are the most common bradycardias. Symptoms reflect
the presence of a fast or slow heart rate. Symptomatic bradycardia

Junctional rhythm
-- --

Under normal circumstances, the SA node discharges at a faster rate
than the AVnode, so the pacemaker at the AVjunction is overridden.
If the SA node discharge is slow or fails to reach the AVnode, a junc
tional escape beat (Fig. 43.10) may occur, usually at a rate of 40-60
b.p.m. Generally, these escape beats do not conduct back into the
atria, so a QRS complex without a P wave is seen on the ECG.
Whenever there is a long enough pause before an impulse reaches
the AV node, the junctional pacemaker can elicit a junctional beat.
Sustained junctional escape rhythms may be seen with congestive
heart failure, dioxin toxicity or myocarditis.
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juncllonal tachycardia

An enhanced junctional impulse may override the SA node and pro
duce either an accelerated junctional rhythm (rate 60-100 b.p.m.) or
a junctional tachycardia with rates greater than 100 b.p.m. Accele
rated junctional rhythm or junctional tachycardia can occur with
inferior myocardial infarction or dioxin toxicity. If the enhanced
rhythm is sustained and produces symptoms of hemodynamic com
promise or ischemia, therapy for the underlying cause is required.
Acute therapy to increase the SA rate may also beneeded. At higher
rates, it is difficult to differentiate SVT from junctional tachycardia
because, if the P wave is present, it is lost in the QRScomplex and not
visualized (Weiderhold 1988,Hillegass 2001,Mammen et aI2004).

will cause a retrograde (inverted) P wave. PVCs are common, even
in those without heart disease. They occur frequently in individuals
with ischemic heart disease and are universally found in those with
acute myocardial infarction. This highlights the underlying electrical
instability of the heart and the added risk of developing ventricular
tachycardia. Other common causes of PVCs include congestive heart
failure, hypoxia, dioxin toxicity and hypokalemia. Treatment of
PVCs is important in those with acute myocardial ischemia or infarc
tion where maintenance of cardiac output is critical. The treatment of
chronic ectopy depends on balancing the underlying heart disease,
the origin of the ectopy and the presence of symptoms against the
risks of side effects from antiarrhythmic drugs (Weiderhold )988,
Hillegass 2001, Mammen et a12004, Larry & Schaal 2006).

VENTRICULAR ARRHYTHMIAS Ventricular tachycardia

Premature ventricular contractions
Premature ventricular contractions (PVCs) are impulses that arise
from single or multiple areas within the ventricles. The ECG shows a
premature, widened and often bizarre QRScomplex with no preced
ing P wave (Fig. 43.11). The ST segment and T wave of the PVC are
opposite in direction to the major QRS deflection. Most PVCs do not
affect the SA node discharge and it will therefore trigger the next
impulse after the refractory period. If conducted to the atria, a PVC

Ventricular tachycardia is the occurrence of three or more beats from
a ventricular ectopic pacemaker at a rate of more than 100 b.p.m.
(Hillegass 2001).The ECG findings are wide QRScomplexes because
of aberrant conduction, heart rates greater than 100 b.p.m. (usually
150-200), a regular rhythm and a constant QRS axis. Ventricular
tachycardia can occur in a nonsustained manner, usually as short
bursts of a few seconds that then spontaneously terminate (Fig.
43.12), or in a sustained fashion with longer episodes and symp
toms of hemo-dynamic instability. The latter requires immediate

Figure 43.11 ECG tracing of an isolated premature ventricularcomplex. Note that there is no Pwave
preceding the QRS complex.
(From Weiderhold R1989 Electrocardiography: The Monitoring lead. we Saunders, Philadelphia, PA, p 82, with permission.)

-----------6 seconds -----------1I-

Figure 43.12 ECG tracing of a triplet. otherwise known asa three-beatventricular tachycardia (beats 6,
7 and 8).
(From Hillegass E1994 Electrocardiography. In: Hillegass E, Sadowsky HS [eds] Essentials of Cardiopulmonary Physical
Therapy. we Saunders, Philadelphia, PA, p 387, with permission.)



treatment. A danger with sustained ventricular tachycardia is that
is can deteriorate into ventricular fibrillation. Ventricular tachycar
dia is rare in individuals without underlying heart disease. Ischemic
heart disease and acute myocardial infarction are the most com
mon causes of ventricular tachycardia. Unstable patients are treated
with cardiac conversion, whereas more stable patients receive intra
venous antiarrhythmic drugs (Weiderhold 1988, Hillegass 2001,
Mammen et al 2004).

Ventricular fibrillation
Ventricular fibrillation is the totally disorganized depolarization and
contraction of the ventricular myocardium so that no effective ven
tricular or cardiac output occurs. The ECG shows a fine to coarse
zigzag pattern with no detectable P waves or QRS complexes (Fig.
43.13). There is no blood pressure or pulse detectable in ventricular
fibrillation. In an awake and responsive person, an ECG pattern of
ventricular fibrillation is usually a result of loose lead artifact or elec
trical interference. Ventricular fibrillation is the most common com
plication of severe ischemic heart disease, with or without acute
myocardial infarction. It can occur suddenly without preceding
hemodynamic deterioration or after a period of left ventricular fail
ure and/or circulatory shock. Other etiologic factors include dioxin
toxicity, blunt chest injury, hypothermia, severe electrolyte abnor
malities and myocardial irritation from intracardiac catheter or pace
maker wires. Treatment is immediate defibrillation; several attempts
may be necessary. Antiarrhythmic medications are used as adjuncts
to cardiac conversion (Weiderhold 1988, Hillegass 2001, Mammen
et al 2004).
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CONDUCTION DISTURBANCES

SA node block
In normal sinus rhythm, the SA node discharge traverses the atria
and paces the heart. SA node block can occur when the impulses are
either delayed or have their propagation blocked. The block can
be divided into first-, second- and third-degree types. First-degree
block results from a delay in impulse conduction out of the SA node
to the atria. With second-degree block, some impulses get through
whereas others do not. Third-degree block is when the SA node dis
charge is completely blocked, meaning that no P waves originate
from the SAnode. SA node block can result from myocardial disease,
especially acute inferior myocardial infarction. Drug toxicity and
myocarditis can also cause this type of block. Treatment is dependent
on the underlying cause, the associated arrhythmias and whether
hemodynamic compromise is present. Specific drugs can increase SA
node discharge and aid conduction. Recurrent or persistent bradycar
dia, especially if symptomatic, may require an artificial cardiac pace
maker (Weiderhold 1988,Hillegass 2001,Mammen et aI2004).

First-degree atrioventricular (AV) block
First-degree heart block is characterized by a delay in AV conduc
tion. In other words, after the SA node discharges, it takes longer for
the impulse to reach the AV node. Although each impulse is con
ducted to the ventricles, the rate is slower than normal, leading to
prolongation of the P-R interval by more then 0.20 s [or more than
five small boxes on the ECG tracing (Fig. 43.14)]. It is occasionally

Figure 43.13 ECG tracingshowing ventricularfibrillation (coarse).
(From Hillegass E2001 Electrocardiography. In: Hillegass E, Sadowsky HS (eds) Essentials of Cardiopulmonary Physical
Therapy. WB Saunders, Philadelphia, PA, p 410, with permission.)

l iqu«: 43.14 First-degree heartblock.
(From Weiderhold R1988 Electrocardiography: The Monitoring lead.WB Saunders, Philadelphia, PA, p 87,with permission.)
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Figure 43.15 ECG tracing showing typeI second-degree heartblock (Wenckebach's). The arrows
identify the Pwaves. Notice the progressive lengthening of the P-R interval until finally a Pwave exists
without a QRS complex.
(From Phillips RE, Feeney MK1990 The Cardiac Rhythms, 3rd edn. WB Saunders, Philadelphia, PA, p 255.)

Figure 43.16 ECG tracing of type II second-degree heart block (Mobitz II) with a heartrateof 37 b.p.m.
Note the two Pwaves for every QRS complex.
(From Hillegass E1994Electrocardiography. In: Hillegass E, Sadowsky HS (eds) Essentials of Cardiopulmonary Physical
Therapy. WB Saunders, Philadelphia, PA, p 383, with permission.)

found in normal hearts but is more commonly seen with acute myocar
dial infarction, drug toxicityand myocarditis.Generally,nerve conduc
tion velocity is known to slow with the aging process; first-degree
heart block may be a functional result of this decrease. Generally, first
degree heart block is relatively benign. No treatment is required
unless more serious conduction disturbances are also present
(Weiderhold 1988,Hillegass 2001,Mammen et aI2004).

Second-degree AVblock
Second-degree AV blocks are subdivided into Mobitz I (or
Wenckebach) and Mobitz II blocks. The Wenckebach phenomenon
describes the progressive lengthening of the P-R interval, a dropped
beat and repetition of the cycle (Fig. 43.15). There is progressive pro
longation of AV conduction and the P-R interval until an atrial
impulse is completely blocked by a refractory AV node. After the
dropped beat, which is seen as a P wave not followed by a QRScom
plex, the AVconduction returns to normal and the cycle repeats itself
with either the same (fixed) or a different (variable) conduction ratio.
This block is usuaIly transient and can be associated with an acute
inferior myocardial infarction, dioxin toxicity, myocarditis or cardiac
surgery. Specific treatment is not required unless the ventricular rate
is slow enough to reduce cardiac output and produce signs of hemo
dynamic compromise. Drugs can be used to increase the rate but, if
unsuccessful, a ventricular pacemaker is needed (Weiderhold 1988,
Hillegass 2001,Mammen et al2004).

In the Mobitz type II form of second-degree block, one or more
beats may not be conducted at a single time and the P-R interval

Figure 43.17 Electrocardiogram tracing showing third-degree
heartblock, also known ascomplete heart block. Notice howthe P
waves have their own regular rhythm (arrows) without interrupting
the rhythm of the QRS complex. There is no communication
between atrial firing and ventricular firing.
(From Hillegass E1994ECG.ln: Hillegass E. Sadowsky HS (eds) Essentials of
Cardiopulmonary Physical Therapy. WB Saunders, Philadelphia. PA, p 405,
with permission.)

remains constant before and after the nonconducted atrial beats.
There are more P waves than QRScomplexes (Fig.43.16). This type of
block frequently occurs with bundle-branch (or fascicular) problems
and the QRS complexes are consequently widened. Type II block
means that there is structural damage to the conducting system,
which is usually permanent and may proceed suddenly to complete
heart block, especially in the setting of acute myocardial infarction.
Emergency treatment is required if the ventricular rate is slow
enough to produce symptoms of hemodynamic compromise. In most
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Figure 43.18 Bundle branch block demonstrating a wide QRS complex with a normal sinus rhythm.
(From Cohen M,Michel TH 1988 Cardiopulmonary Symptoms in Physical Therapy Practice. Churchililivingstone.
New York, p. 157.)

cases, especially those that occur in conjunction with acute myocar
dial infarction, insertion of permanent cardiac pacemakers is usually
indicated (Weiderhold 1988,Hillegass 2001,Mammen et aI2004).

Third-degree (complete) AV block
--- -~--_.-~-----------------~

In third-degree AV block, none of the impulses initiated above the
ventricles is through the normal AV conduction system. The ventricles
are paced by ectopic impulses generated somewhere in the ventricles
and at a slower rate than the atrial rate, which continues to originate
from the SA node (Fig. 43.17) (Hillegass 2(01). If the block occurs at
the level of the AV node, a junctional pacemaker (rate 4(H;()b.p.m.)
takes over. The resultant QRS complexes are narrow, as the rhythm
originates before the bifurcation of the bundle of His. When the block
occurs below the AVnode, a ventricular rhythm at a rate of less than
40 b.p.m. drives the ventricles. This is usually inadequate to maintain
cardiac output. The QRS complexes are wider than normal. Blocks
of the SA and AV nodes develop frequently in patients with acute
myocardial infarction. Although most are transient, they may persist
for several days. Blocks that originate below the bifurcation of the
bundle of His indicate structural damage to the distal conducting sys
tem and are seen with extensive acute anterior myocardial infarction.
External pacing or drugs may be used in the short term to accelerate
the ventricular escape rhythm until insertion of a pacemaker can be
completed (Weiderhold 1988,Hillegass 2001,Mammen et aI2004).

Bundle-branch blocks (fascicular blocks)
Bundle-branch or fascicular blocks can include one, two or all three
fascicles. As illustrated in Fig. 43.1, the bundle of His bifurcates into
the right bundle branch and left bundle branch, which almost imme
diately divides into the left anterior and posterior branches. The
block occurs when one of the three major conduction pathways
below the AVnode and bundle of His has an obstruction to the pas
sage of the depolarization impulse. It can be recognized by a widen
ing of the QRS complex and an interval length of more than 0.11
seconds (Fig.43.18). Conduction blocks in the fasciclescan be caused
by a wide variety of conditions such as ischemia, cardiomyopathies,
valvular heart problems (especially aortic), myocarditis, cardiac sur
gery and degenerative processes that affect the conduction tissue
(Weiderhold 1988, Hillegass 2001, Mammen et al 2004, Larry &
Schaal 2006).

REHABILITATION CONSIDERATIONS FOR
INDIVIDUALS WITH CARDIAC ARRHYTHMIAS
AND CONDUCTION DISTURBANCES

The underlying reason for an irregular heart rate cannot be deter
mined by palpation of a pulse. As discussed in the previous sections,
some irregularities in rate can be relatively benign, whereas others
can lead to potentially lethal arrhythmias. It is imperative that the
etiology of the underlying arrhythmia be identified and understood
to enable the development of an appropriate treatment plan, either
through a prudent chart review or by contacting the physician. It is
irresponsible to treat all individuals with cardiovascular disease
with the same cardiac precautions. Exercise progression should be
response and symptom guided (Weiderhold 1988, Hillegass 2001,
Mammen et a12004, Larry & Schaal 2006).

Atrial arrhythmias without conduction disturbances are generally
less serious than ventricular arrhythmias. Any individual with an
arrhythmia that leads to hemodynamic compromise and decreased
cardiac output should be monitored closely for sign" of exercise
intolerance. Irwin and Blessey (1996)have ranked atrial arrhythmias
from least to most serious as follows: (i) premature atrial contraction
and premature junctional beats; (ii) atrial fibrillation; (iii) supraven
tricular tachycardia; and (iv) atrial flutter, which is considered a
block. They rank ventricular arrhythmias from least to most serious
as follows: (i) unifocal PVCs; (ii) multifocal PVCs; (iii) coupled PVCs
(R-on T PVCs);(iv) ventricular tachycardia; and (v) ventricular fibril
lation.

CONCLUSION

The most common cardiac arrhythmias and conduction disturbances
have been described. Some of these abnormalities are more serious
than others. Differentiating between the less serious and the poten
tially life-threatening arrhythmias cannot be completely assured by
taking a pulse and auscultating heart sounds. A thorough cardiac eval
uation is therefore essential. Beforebeginning an exercise program for
a patient with known cardiac pathology, it is important that the ther
apist understands the implications of the patient/client's cardiac
arrhythmias so that they are treated neither too aggressively nor
undertreated.
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INTRODUCTION

Despite the increase in diagnostic procedures and medical manage
ment, heart disease continues to be one of the most common causes of
morbidity and mortality in the US. With the rise in life expectancy,
increases in hypertension, obesity, diabetes mellitus and sedentary
lifestyles are contributing to the incidence of coronary artery disease.
This chapter will briefly discuss heart failure and valvular disease.

HEART FAILURE

Heart failure is defined as the inability of the heart to pump blood at
a sufficient rate to meet the metabolic demands of the body. Heart
failure can be the result of many different diseases; therefore, it is
important to complete a thorough evaluation of the patient with
heart failure to identify the underlying pathology and any factors that
exacerbate the heart failure. The heart may compensate for years
before the patient reaches a level of dysfunction that leads to the clin
ical presentation of heart failure. In many cases, it is an acute event
that places additional stress, beyond the heart's ability to circulate a
sufficient blood flow, leading to clinical heart failure. Exacerbation of
other chronic diseases, such as renal insufficiency, pulmonary
embolism or infection, cardiac arrhythmias and uncontrolled hyper
tension, and poor dietary consumption, can precipitate the insidious
onset of clinical signs and symptoms associated with heart failure.

Coronary artery disease leading to myocardial impairment is one of
the most common causes of heart failure (LaBresh et al 2004,
Tenenbaum & Fisman 2004); however, there are many other diseases,
such as valvular lesions, viral infections, myocardial dysfunction and
pulmonary disease, that can also lead to the development of heart
failure. Along with the diagnosis, it is important to identify factors
that exacerbate heart failure or lead to an uncompensated state, such
as excessive fluid consumption, arrhythmias, systematic infection

and kidney failure. Understanding the pathology and contributing
factors can aid in the delivery of prompt and appropriate medical
intervention.

Congestive heart failure (CHF) is a clinical syndrome that occurs
when cardiac pump function is inadequate to meet the circulatory
demands of the body. One of the consequences of pump dysfunction
is fluid retention; fluid leaves the vascular system and is stored in
various parts of the body, hence the term 'congestive heart failure'.
When the left ventricular pump function is impaired, it is unable to
sufficiently pump blood forward, leading to a rise in vascular pres
sure. This leads to excess fluid being stored in the pulmonary inter
stitium to decrease the workload of the left ventricle. Left ventricular
dysfunction is commonly associated with an increase in stress to the
right ventricle. Right ventricular myocardial dysfunction leads to an
increased blood volume in the venous system and liver. The engorge
ment of the venous system can lead to fluid retention in the lower
extremities and abdomen (referred to as ascites).

Heart failure can be categorized in many ways. Myocardial pump
dysfunction can be described as an acute or a chronic state. Heart
failure can be classified as predominately left heart failure or right
heart failure, or as biventricular failure. It can also be classified as
systolic failure, where the myocardial contraction is ineffective in cir
culating blood forward into the pulmonary and systemic circula
tions, or diastolic dysfunction, where the ventricles do 110t relax to
allow for sufficient filling.

Causes of ventricular failure
-------------------------------
To understand the mechanism of heart failure, it is important to
understand the basic cardiac cycle. Blood flows from the venous sys
tem and the pulmonary capillary beds into the right and left atria
respectively. Once there is a sufficient volume and, therefore, enough
pressure in the atria, the atrioventricular, tricuspid and mitral valves
will open to allow filling of the ventricles. When the atria contract,
another 15-20% of the blood volume is delivered into the ventricles
and the atrioventricular valves close. The right and left ventricles
then begin to contract, generating enough force to open the semilu
nar, pulmonic and aortic valves and eject blood into the pulmonary
circulation for gas exchange and into the systemic circulation to meet
the metabolic demands of the body's cells.

The most common cause of right ventricular failure (RVF) is left
ventricular pump dysfunction. Failure to pump blood forward into
the aorta leads to a backflow of blood and an increase in pressure
within the left atrium and pulmonary system. The right ventricle is
not anatomically designed to pump under elevated pressure, which
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leads to failure. Right heart failure may result from pulmonary hyper
tension caused by pulmonary diseases such as emphysema and from
pulmonary embolism, mitral or tricuspid valve disease, restrictive or
hypertrophic cardiomyopathies and viral or idiopathic myocarditis.

Left ventricular failure (LVF) results in lower systemic cardiac out
put. It can be caused by the long-term adverse effects of hyperten
sion, aortic or mitral valve disease and coronary artery disease.
Coronary artery disease can cause pump dysfunction because of the
long-term subtle effects of myocardial ischemia or because of an
acute ischemic event, such as an abrupt rupture of an atherosclerotic
plaque, which leads to a myocardial infarction. Less frequently, LVF
may also occur because of a systemic condition such as septic shock.
During this critical medical state, the left ventricle attempts to
increase cardiac output to meet the high oxygen demand of the body.
The stress from this physiological imbalance may lead to the left ven
tricle being unable to meet the body's needs, resulting in LVF.

Contributing factors
There arc several factors that can lead to the heart no longer being
able to circulate a sufficient blood flow to meet the metabolic
demands of the body. These factors can either increase the body's
needs or further decrease cardiac output. Cardiac arrhythmias such
as atrial fibrillation can decrease cardiac output in the presence of
myocardial pump dysfunction. In atrial fibrillation, which is one of
the most common arrhythmias associated with heart failure, the
atria do not contract as a unit and therefore the ventricles do not
deliver the last 15-20% of blood volume, causing the loss of the
'atrial kick'. In the presence of pump dysfunction, the loss of filling
means that there is not a sufficient stretch of the ventricular
myocardium, which leads to further output loss. The compensatory
mechanism for the loss of the atrial kick is an increase in heart rate,
which further impairs filling, increases oxygen demand and
decreases output. Tachycardiac rhythms can increase the oxygen
demands of the myocardium and decrease output by shortening the
filling time. Bradycardlac rhythms allow for sufficient filling but
may not be sufficient to maintain output. Finally, arrhythmias gener
ated from the ventricles can directly lead to insufficient filling and
contraction.

Acute myocardial ischemia or infarction is another factor that can
further impair the contractile properties of the heart and directly
impair output. The improper utilization of medications can also pre
cipitate heart failure. The discontinuation of medications such as
diuretics and beta blockers, which are commonly used to manage
blood prt'SSUTl' and volume status, can lead to the development of
CHF. Improper prescription/administration and monitoring of the
therapeutic levels of medications like antiarrhythmics and calcium
channel blockers can also contribute to heart failure.

Poor dietary choices including increased sodium intake or the con
sumption of large amounts of fluids have also been linked to the
onset of CHF. In addition, stress brought on by emotional distur
bances, extreme temperatures (see Chapter to for a description of
thermoregulation) or overexerting oneself beyond the ability of
the heart to meet demands can lead to an increase in pump dysfunc
tion. The body's response to this pump dysfunction is to increase the
output of the sympathetic nervous system, which is already in an ele
vated state, This elevated state is associated with the increase in heart
rate, which leads to further oxygen demand. In the presence of pump
dysfunction, the impaired myocardium is unable to further increase
stroke volume. This results in the heart being unable to meet the
body's demand and leads to cardiac decompensation and heart fail
ure. Please refer to Chapter 41 for guidelines on starting and stopping
exercise training in patients with heart disease.

In cases of anemia, the heart tries to compensate by increasing car
diac output to meet oxygen demands. When there is myocardial pump
dysfunction, the heart may not be able to sustain this increased stress.
Anemia and the increased workload may lead to further ischemia and
precipitate heart failure. Anemia is a common comorbidity in the
elderly and is a probable factor to manage during the postoperative
period. The therapist must consider the increase in oxygen demand
during functional mobility training in an individual with both anemia
and heart disease. It is therefore important to monitor vital signs closely.

Individuals with heart failure, atrial fibrillation and sedentary
lifestyles are at an increased risk of developing a deep vein thrombus,
particularly of the lower extremities. The development of a deep
vein thrombus can increase the risk of the individual suffering an
embolic stroke or a pulmonary embolism. If the pulmonary embolism
is clinically significant, it can result in increased pulmonary arterial
pressure or pulmonary hypertension. This rise in pulmonary arterial
pressure will further compromise heart function by straining the
right ventricle. Individuals with heart failure are also more suscepti
ble to pulmonary infections because of a decrease in activity level.
Pulmonary vascular congestion can place additional demands on a
failing cardiopulmonary system.

Clinical manifestations
The most common symptoms associated with heart failure an' dys
pnea, fatigue and exercise intolerance. Dyspnea and tachypnea can
be related to many factors including pulmonary vascular congestion
and the increased work of breathing, a decrease in cardiac output to
meet peripheral tissue demand, disuse atrophy, alterations in skelc
tal muscles and renal dysfunction. The patient will report a progn's
sive shortness of breath with exertion, to dyspnea at rest, as pump
dysfunction progresses. Box 44.1 describes the signs and symptoms
associated with right and left heart failure; however, it is important
to note that it is uncommon to see isolated unilateral heart failure.

Fatigue and exercise intolerance associated with heart failure an'
still currently under investigation to better understand this complex
clinical disorder. Exercise intolerance is defined as 'the reduced ability
to perform activities that involve dynamic movement of large muscles
because of symptoms of dyspnea or fatigue' (Pina et aI2(03). The fail
ing heart has a limited ability to increase cardiac output on demand. A
rise in stroke volume and heart rate is blunted, leading to a depressed
cardiac output and response that is insufficient to meet the rise in
metabolic demand. Heart rate response is also reduced with age,
which also contributes to the limited cardiac response in the elderly.

In heart failure, there are several factors that limit exercise tolerance
which are linked to peripheral abnormalities. There is a reduction in
blood flow to skeletal muscles because of the increase in vasocon
striction, elevation of the renin-angiotensin system and the impaired
endothelial mechanism regulating peripheral blood flow. There is
also a decrease in blood distribution to active muscles when com
pared with healthy individuals. The skeletal fiber makeup in patients
with heart failure is also altered; there is a reduction in type I fibers
and an increase in type II fibers, which reduces the aerobic capacity of
the individual. Finally, in response to the skeletal metabolic acidosis
that occurs in the early phase of exercise, there is a further increase in
vasoconstriction that amplifies exercise intolerance (Pina et al 200~).

The therapist needs to keep in mind that there is a poor link
between the resting ejection fraction, which is the percentage of blood
flow ejected upon contraction, and exercise tolerance. Exercise toler
ance, and therefore rehabilitation potential, appears to be more
related to the heart's ability to respond to the increase in metabolic
demand by increasing stroke volume and heart rate (Fransciosa ct ill
1981, Pina et aI2(03).
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Box 44.1 Common signs and symptoms of right and left heartfailure

Righ t heart failure

• Peripheral edema
• Pitting edema
• Ascites
• Jugular vein distension
• Hepatojugular reflux
• 53 heart sound
• Abdominal discomfort/anorexia

Therapeutic intervention

The number of cases of CHF continues to rise as life expectancy
increases and there are medical and surgical advances in managing
heart disease. The first line of intervention is in the prevention of
heart disease by reducing the associated risk factors, such as smok
ing, hypertension and diabetes. The American Heart Association rec
ommends that everyone participate in at least 30 min daily of
moderately intense activity, eat sensibly and maintain a proper body
weight. Medical management includes the proper treatment of
hypertension, dyslipidemia, hypercholesterolemia and diabetes.
Diuretics can be used to lower blood volume along with beta block
ers and angiotensin-eonverting enzyme (ACE) inhibitors to treat
hypertension. When pump dysfunction becomes significant, inotropic
medications like dubutamine can be used to improve contractility;
antiarrhythmics are also helpful in the management of heart failure.
The use of pacemakers and implantable cardiac defibrillators are
options that have shown success in the management of serious
arrhythmias. Surgical management is appropriate to correct valvular
dysfunction, and coronary artery bypass grafting can be carried out
to restore myocardial perfusion. In the US, clinical trials are being
conducted to examine the use of implantable mechanical assistive
devices, such as the Heartmate and Novacor, as destination therapy
in older patients with LVE

Exercise has become a key component in the medical management
of heart failure. Many studies have documented the improvements
in aerobic capacity and muscle performance with exercise in subjects
with heart failure (Shephard & Franklin 2001, Pina et al 2003,
Lovinger et al 2005, Senden et al 2(05). There are improvements in
the peripheral abnormalities for patients who participate in a routine
exercise program. Improvements in the strength and endurance of
respiratory muscles has also been documented and is associated
with a decreased level of dyspnea with exertion. Finally, there is an
improvement in the quality of life (Shephard & Franklin 2001,
Stevenson et al 2004, van den Berg-Emons et al 2004).

VALVULAR DISEASE

The heart has four valves, which function to keep blood flowing in a
unidirectional manner with myocardial contraction. The opening and
closing of the valves operates on the principles of volume/pressure.
As blood returns to the heart via the venous system, the atria fillwhile
all of the valves are closed. Once there is a sufficient volume within the
atria, the increased pressure opens the atrioventricular (tricuspid and
mitral) valves. The tricuspid valve separates the right atrium and right

Left heart failure

• Orthopnea
• Paroxysmal nocturnal dyspnea
• Exercise intolerance with fatigue and weakness
• Pulmonary rates
• Dyspnea on exertion
• Dry cough in supine
• Unexplained mental status changes

Figure 44.1 Structure of the cardiac valves.
(From Myers R1995 Saunders Manual of Physical Therapy Practice. WB
Saunders. Philadelphia. PA, p 196, with permission from Elsevier.)

ventricle, and the mitral valve is located between the left atrium and
left ventricle. The atria contract, fill the ventricles and the valves then
close. The ventricles contract to generate a pressure that is sufficient
enough to overcome the pressure within the pulmonary trunk and
aorta. At that time, the semilunar valves (pulmonic and aortic) open to
eject blood from the right and left ventricles respectively.

The atrioventricular valves have several components that can be
damaged, resulting in various clinical signs and symptoms. The annu
lus is composed of fibrous rings that provide a secure attachment for
the leaflets, or cusps. The space at the edge of the annulus where the
leaflets insert is referred to as the commisure. The leaflets are made
of a strong fibrous material and function as doors that allow unidi
rectional blood flow in the presence of a pressure gradient. The mar
gins of the leaflets are thin and are stabilized by the chordae
tendineae cordis, strong fibrous cords that originate from the papil
lary muscle and insert into the leaflet margins. When myocardial
contraction occurs, the papillary muscle contracts as well, making
the chordae tendineae cordis taut. It is this relationship that prevents
the leaflets from inverting and causing a backwards flow of blood
through the heart (see Fig. 44.1).
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Clinical manifestations
-------

Figure 44.2 This graph represents the normal and common
abnormal heartsounds that can beheard across one cardiac cycle.
S1 represents the closure of the atrioventricular valves; S2 represents
the closure of the semilunar valves; S3 is referred to as a ventricular
gallop; and S4is referred to as anatrial gallop. Systolic murmur
can beassociated with stenosis of one of the semilunar valves or
insufficiency of one of the atrioventricular valves. Diastolic murmur
can beassociated with stenosis of one of the atrioventricular valves
or insufficiency of one of the semilunar valves.

The signs and symptoms of valvular dysfunction vary according to
which valve is malfunctioning and the severity of the malfunction.
The ultimate key is the degree to which tile malfunction affects car
diac output. Valvular disease can be clinically detected by the alter
ation in normal heart sounds and tile presence of abnormal heart
sounds (Fig. 44.2). Exercise intolerance increases as the heart's com
pensatory mechanisms fail to maintain an efficient cardiac output to
meet the metabolic demand of the body. The increase in volume and
pressure within the left atrium either from stenosis or regurgitation
causes an increase in pulmonary vascular resistance and eventually
leads to the signs and symptoms of right heart failure. Patients may
present with progressive dyspnea, orthopnea and paroxysmal

systolic pressure, ventricular arrhythmias and syncope. Over time,
the heart attempts to compensate for the aortic stenosis with left ven
tricular hypertrophy. The left atria dilate, which leads to tile onset of
atrial fibrillation and eventually to CHF. Aortic stenosis is typically
underestimated and patients usually present for medical care
because of heart failure, angina, a presyncopal or syncopal episode,
or progressive shortness of breath.

Although RHD is the underlying etiology of aortic regurgitation,
the valve may become insufficient from infectious endocarditis, aortic
root aneurysm or dissection. Regurgitation, the backflow of blood into
the left ventricle, results in hypertrophy with dilatation, an increase in
myocardial oxygen demand, possible Ischemia and heart failure.

Mitral stenosis is primarily the result of RHD. In the elderly, RHO
only causes mild to moderate dysfunction and the progression of the
dysfunction is related to fibrotic or calcification of the valve related to
aging (Anonymous 2005a, 200Sb).The narrowing of the mitral valve
causes an enlargement of the left atrium and increasing pulmonary
vascular pressure. The development of pulmonary hypertension
strains the right ventricle and eventually leads to right heart failure.
Just as in aortic stenosis, tile dilation of the atria and development of
atrial fibrillation increases the risk of thromboembolic events and
either pulmonary embolism or cerebral vascular accident (i.e, brain
attack).

Mitral regurgitation is most commonly associated with myocardial
infarction with papillary muscle impairment or rupture. As with mitral
stenosis, regurgitation leads to left atrial enlargement, pulmonary
hypertension and right heart failure, as well a" eccentric left ventricle
hypertrophy as the heart attempts to maintain cardiac output.

Diastolic
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Causes of valvular disease
Valvular dysfunction has many causes depending upon the valve in
question and the age of the individual. Today, one of the primary
causes of valvular dysfunction is hereditary factors related to con
genital valve deformity, compounded by the increasing lifespan
(Anonymous 2oo5a). Rheumatic heart disease (RHO) is another com
mon cause of valvular disease, despite the decreased incidence of
rheumatic fever in the US. Mitral stenosis and aortic regurgitation
an' commonly associated with RHD (Anonymous 2005a). RHD is a
complication of group A streptococcal infection and rheumatic fever,
which causes acute carditis. This infection typically occurs in child
hood to adolescence, but the valvular dysfunction may not be appar
ent until later in life. An individual who experiences recurrent
streptococcal infections (e.g. strep throat) should seek medical atten
tion for proper treatment to minimize the risk of developing rheu
matic fever and consequentially RHD (Anonymous 2005a). There is
also an increased incidence of valvular disease with aging, particu
larly aortic stenosis and mitral regurgitation (Anonymous 2005a,
2005b).Other causes of valvular dysfunction include infectious endo
carditis, trauma, dilated cardiomyopathy, myocardial infarction, pul
monary hypertension and heart failure.

Many individuals with valvular dysfunction will be asymptomatic
until myocardial function is significantly impaired such that cardiac
output is no longer maintained at an appropriate level because of the
development of arrhythmias. It is important to understand normal
cardiopulmonary physiology in order to understand the adverse
effects of valvular disease. This understanding leads to a comprehen
sion of the typical clinical presentation and guides the effective and
efficient assessment of the patient. The therapist should be particu
larly familiar with aortic and mitral stenosis and regurgitation.

Aortic stenosis is a clinically significant valvular dysfunction
because of the impact on left ventricular function. The narrowing of
the aortic valve leads to increased pressure across the valve and an
increase in the oxygen demand of the left ventricle. This leads to
increased coronary vascular resistance and, consequently, to a
decrease in myocardial perfusion. This may lead to myocardial
infarction and ventricular arrhythmias. During exercise, the left ven
tricle may not be able to increase stroke volume in the presence of
decreased systemic vascular resistance. This can result in a drop in

The semilunar valves are similar in function but are structurally
different from the atrioventricular valves. There are three cusps per
valve; they have a concave-convex shape, with the convexity facing
the ventricles, After the ventricles begin to relax, there is a tendency
for the blood to flow backwards toward the ventricles. The concavi
ties of the cusps fill with blood and the pressure from this blood
secures the approximation of the cusps. The pulmonic valve is a more
delicate structure than the aortic valve, which must be rugged to func
tion under the high pressure that exists.

Valvular dysfunction is commonly categorized by the alteration in
blood flow across the valve, valvular stenosis or regurgitation. A
stenotic valve describes the narrowing of the opening of the valve.
This condition interferes with the flow of blood through the valve
and places an increased oxygen demand on the myocardium. Over
time, a stenotic valve will cause hypertrophy and dilatation of the
chambers. Regurgitation, which is also referred to as a valvular
insufficiency, is defined as backflow of blood across the valve, lead
ing to an enlargement of the cardiac chamber before the dysfunc
tional valve. In either situation, the end result is an increase in
oxygen demand, myocardial ischemia and eventually heart failure.
The two dysfunctions an' not mutually exclusive of one another; a
valve can becategorized as stenotic and insufficient.



nocturnal dyspnea and rales upon auscultation. In the case of acute
valvular dysfunction, the patient may rapidly develop pulmonary
edema and respiratory failure, requiring mechanical ventilation of the
patient. Aortic stenosis is commonly associated with angina, a pre
syncopal episode or syncope, arrhythmias and signs of CHF, as
described previously.

Stenosis and regurgitation of tricuspid or pulmonic valves are less
common but both may contribute to right atrial enlargement, atrial fib
rillation and the development of right heart failure with pitting periph
eral edema and jugular vein distension. Tricuspid and pulmonic
valvular impairment also affects the filling of the left ventricle.

Therapeutic interventions
---

Often, medical intervention is initiated when the patient presents
with the adverse consequences from the valvular dysfunction. Medical
treatment will focus on the management of angina, CHF, cause of
dyspnea, arrhythmias and syncopal episodes. Patients will com
monly be prescribed beta blockers, calcium-ehannel blockers and/or
diuretics to manage hypertension. Antiarrhythmic medications, such
as digoxin or amiodarone, may be used to control atrial and ventricu
lar arrhythmias. An implantable pacemaker and/or automatic
implantable cardiac defibrillator may be necessary to control arrhyth
mias that are life-threatening or impair ventricular function.

There are several invasive procedures that can be considered to
correct the valvular dysfunction. Percutaneous balloon valvulo
plasty is a nonsurgical approach for stenosis. A catheter is positioned
across the lumen of the valve and inflated to decrease the stenosis. For
mitral stenosis, another nonsurgical option is a percutaneous mitral
commissurotomy, in which the leaflet of the valve is cut via a catheter.
In both of these options, there is a risk of restenosis and complica
tions of valvular regurgitation.

When medical management has reached its maximal benefit or
when ventricular function is impaired or myocardial ischemia needs
to be resolved, surgical intervention is the therapy of choice (Yacoub &
Cohn 2004). Depending on the valve involved, the patient's anatomy
and the surgeon's training, a mediastinal or anterior thoracotomy
may be the surgical approach.

There are many factors that must be considered when the surgeon
and patient are determining if the valve should be repaired or
replaced. Some of these factors may include the age of the patient, the
risk associated with the use of anticoagulation, the risk of infections
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and the extent of the anatomical disorder of the valve. If the valve
needs to be replaced, it must be decided whether the replacement
should be a mechanical or biological valve. Age, past medical history
and lifestyle all contribute to the decision regarding the type of valve
replacement that is used (Vahanian & Palacios 2004, Yacoub & Cohn
2004).

Surgery to repair an impaired valve is becoming more refined and
applied more frequently. A repair may involve one or more proce
dures to restore the function of the native valve. An annuloplasty
involves the implantation of an artificial ring to help support the fail
ing annular ring, which is needed to support the leaflets and permit
proper closure of the valve. For a faulty and fused leaflet, a commis
surotomy or partial resection can be completed to increase valve
lumen diameter. The surgeon can shorten, reposition or implant an
artificial chordae tendineae to correct regurgitation.

Exercise is contraindicated in a patient with severe aortic or mitral
valve disease (particularly aortic stenosis) who is symptomatic at
rest. It is important that the therapist works closely with a cardiolo
gist to develop hemodynamic parameters as guidelines to monitor
the patient during the rehabilitation process. For these patients, the
role of rehabilitation is to focus on interval functional exercises,
energy conservation and job simplification to minimize functional
limitation, disability and aid the patient achieve end-of-life goals.

CONCLUSION

In 2004, it was reported that there were over 800000 new cases of
acute coronary syndrome, over 700000 new cases of stroke and over
500000 new cases of CHF (Sousa et al2(05). These data clearly illus
trate the clinical relevance of proper examination, prevention and
effective intervention in reducing the number of cardiac incidences as
well as minimizing functional limitations and disability. It is impor
tant to identify the precipitating causes of heart failure; early detec
tion of valvular dysfunction and prompt medical intervention can
preserve heart function. It is important that the therapist is an active
member of the patient's healthcare team to ensure that screening for
hypertension, education to reduce other cardiac risk factors and appro
priate medical referrals are sought. The therapist is therefore a vital
member of the healthcare team, providing services across the spec
trum of preventive and rehabilitative medicine to optimize the
patient's quality of life in the community.
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INTRODUCTION

The heart has specialized cells called conduction cells that generate an
electrical impulse and cause myocardial contraction. As well as the
conduction system, the myocardium also possesses electrical proper
ties that facilitate cardiac function. The myocardium has automaticity
and excitability; this allows an electrical impulse to be self-generated,
altering the resting potential of the myocardial cells. The heart readily
conducts the impulse if the threshold is reached, which leads to
myocardial contraction. Finally, in the all-or-none principle, which is
specific to cardiac muscle, if an electrical impulse is sufficient, complete
depolarization and full contraction of the myocardium occurs.

In the presence of a cardiac disease or disorder, and through the nat
ural process of aging, there is an increased incidence of dysfunction of
the conduction system. This dysfunction may be benign and not dis
rupt general heart function or it can have life-threatening conse
quences. The source of the conduction dysfunction, its rate and
occurrence or frequency determines the clinical significance. The bot
tom line for the clinician is how the arrhythmias affect myocardial per
fusion and what happens to cardiac output. In the presence of
ischemic heart disease, a fast conducting rhythm, such as supraven
tricular tachycardia (SVT), rapid ventricular rate or atrial fibrillation,
will decrease the diastolic filling time, which leads to a decline in
myocardium perfusion and further ischemia, resulting in a vicious
cycle. The same tachycardiac arrhythmias can lead to a decrease in
cardiac output because of the decrease in filling time. In the presence
of myocardial or pump dysfunction, the ventricles rely on volume to
improve the contractile force, which is known as the Frank-Starling
law. However, with the decrease in the filling time there is a decrease
in the volume entering the ventricles and a loss of myocardial stretch,
which results in a decrease in contractility. Bradycardiac rhythms
allow sufficient time for ventricular filling but the rate may be too
slow to maintain the cardiac output needed to meet the metabolic
demands of the body. The loss of cardiac output is associated with the
following common clinical signs and symptoms: lightheadedness,

dizziness, visual disturbances, altered mentation, syncope and
increased risk of falls.

Cardiac arrhythmias may be temporary or permanent, depending
on the etiology. Transient arrhythmias may be caused by significant
alterations in electrolytes. This may result from gastrointestinal distress
because of nausea, vomiting and diarrhea, or from the use of medica
tions, such as diuretics and potassium supplements. Transient arrhyth
mias may also be caused by myocardial hypersensitivity resulting from
heart catheterization, open heart procedures, myocardial infarct or
trauma. More permanent arrhythmias may be caused by ischemic dis
ease that directly impairs the cells of the conduction system. This may
lead to various conduction arrhythmias, such as heart blocks, atrial or
ventricular bradycardia or tachycardia. Heart failure is commonly
associated with atrial fibrillation and ventricular ectopy. Aging may
also lead to a significant loss of conduction cells, which results in sick
sinus syndrome.

PACEMAKERS

Approximately 300000 people in the US undergo pacemaker implan
tation annually for the management of arrhythmias (Gregoratos
2(05). The prevalence per year of pacemaker implantation varies
across Europe, with 200 cases per million people in Eastern Europe
and over 400 cases per million in western Europe (Vardas and
Ovsyscher 2002). Permanent pacemakers have been shown to
improve the quality of life, oxygen consumption, exercise tolerance
and survival of patients with life-threatening arrhythmias and
decrease their need for hospitalization (Abraham et al 2(02). The
pacemaker is able to sense or detect the intrinsic electrical activity of
the heart and deliver an electrical impulse in the absence of intrinsic
activity. The pacemaker causes the action potential that leads to
depolarization and contraction of the myocardium, which allows the
ejection of blood from the heart into the systemic and pulmonary
circulations.

There are specific indications for utilization of a pacemaker includ
ing sinus node dysfunction and ineffective communication between
atrial and ventricular conduction pathways. Sinus node dysfunctions
are commonly associated with bradycardia, periods of lack of conduc
tion and brady-tachy syndrome in which the heart rate varies from
very slow to very fast (Woodruff & Prudente 2(05). Pacemakers may
also be used to control atrial arrhythmias such as atrial fibrillation, and
atrioventricular blocks, which are impairments in the transmission of
the atrial electrical impulse to the ventricles. The presence of a block of
the ventricular bundle branches may alsobe an indication for a pace
maker (Woodruff & Prudente 2(05).



A,atrium;C, communicating; D, dual; I, inhibited; M, multi; 0, none; R, rare;
S, simple; T, triggered; V,ventricle.

who is working with the patient to have a basic understanding of the
pacemaker. The details of the generic pacemaker code are shown in
Table 45.1. The first letter of the code represents the chambers in which
the pacemaker will pace. The second position of the code tells the clini
cian where the pacemaker senses conduction system activity. The third
letter of the code represents how the pacer will respond to the activity
that it senses. The fourth and fifth positions of this coding system are
less frequently used. The forth code refers to the programming. With
the rate program" feature, the pacer can sense an increase in physiologi
cal demand, such as occurs during exercise. This is achieved by either
sensing changes in thoracic impedance or movement because of
increased respiratory rate or sensing changes in blood gases. When the
pacemaker senses the increase in metabolic needs, it paces at a faster
rate. The fifth code position refers to the chamber in which the pace
maker can 'tachypace' the heart in an attempt to control atrial and / or
ventricular tachycardias.

Two of the more common types of pacemaker are the WI and the
DOOR. A VVI pacer is one that will pace the ventricle (V), sense con
duction activity within the ventricle (V) and, if intrinsic activity is
detected, inhibit the release of an electrical stimulus (I).A DDDR pace
maker is a device that paces and senses activity within both the atria
and ventricles, and that can pace or hold pacing depending on the
activity of the conduction system within the atria and ventricles. It can
internally increase the pacing rate when the metabolic demand is
higher (Zaidan et aI2oo5).

More recently, pacemakers are being implanted for the management
of heart failure. About 3O'}'o of patients with a diagnosis of heart failure
suffer from bundle-branch blocks that result in the delay of intraven
tricular conduction. In this therapy, referred to as cardiac resyn
chronization therapy (CRT), atrial and ventricular conduction are
synchronized and both ventricles are paced (Vesty et a12004).Clinically,
CRT'is also referred to as biventricular pacing or 'Bi-V' pacing. The posi
tive effects of Bi-V pacing include an improvement in intraventricular
depolarization, contractility and cardiac output, which results from
improvements in the wall motion of the ventricles, particularly the
intraventricular septum. It also decreases mitral regurgitation and the
restrictive pattern of the heart (Vesty et al2004). Several studies have
documented improvements in the quality of life, exercise tolerance and
ejection fraction, a decrease of 40"10 in the death rate and decreased hos
pitalization rates (Abraham et al 2002, Young et al 2003, Cannon &
Prystowsky 2004). Some investigators have reported ventricular
remodeling with the use of Bi-V pacing in patients with heart failure
(Vesty et al 2004).

There are several complications related to the utilization of pace
makers that the clinician should be aware of when caring for a
patient. During the implant procedure, the patient may experience a
pneumothorax, hemothorax or cardiac tamponade. It is possible for
the leads to be displaced, which leads to pacemaker dysfunction;

282 CARDIOPULMONARY DISEASE

Temporary and permanent pacemakers
---

Pacemakers can be classified as temporary or permanent. In the case of
an acute dysfunction of the conduction system, a temporary pacer may
be used to stabilize the patient's rhythm and hemodynamics. It is
common practice for the surgeon to place pacer wires on the epicardial
surface of the heart (atrial, ventricle or both) during an open-heart pro
cedure because a patient can often have transient arrhythmias after
heart surgery; these can result from the myocardium becoming irrita
ble from the trauma of surgery, imbalances of electrolytes, disruption of
the acid-base balance and alterations of blood gases. The wires are
passed transthoracically and secured to the anterior chest wall. In an
urgent situation, the heart can be temporarily paced via transcutaneous
electrode pads. Finally, a temporary pacemaker can be initiated using a
transvenous approach, typically through the jugular or subclavian vein.

If it is determined that the disturbance of the patient's conduction
system is irreversible and interferes with heart function, a perma
nent pacemaker will be implanted with the patient's consent. The
pacemaker will be individually programmed to meet the conduction
needs so that efficient cardiac function can be maintained.

Details of pacemaker function

The pacemaker comprises two components. The first component is
the pulse generator that contains the electronic program and the
energy system that generates the electrical stimuli. It is implanted
underneath the skin in the right or left pectodeltoid area or subpec
toral in patients that are very thin, to prevent erosion of the skin. The
second component of the pacemaker is the lead or wire that senses
the activity of the native conduction system and delivers the impulse
to the myocardium. The leads for permanent pacemakers are typically
attached to the endocardium of the right atrium and right and/or left
ventricle via the transvenous approach. Leads can be placed using an
epicardial approach at the time of an open-heart procedure.

The program within the pacemaker generator can sense the intrinsic
activity of the conduction system and delay the release of an electrical
impulse. In the absence of intrinsic activity, the generator can deliver an
electrical impulse that causes the depolarization of the myocardium.
Ihere are three general modes for pacing the heart. In a fixed-rate or
asynchronous mode, the pacemaker paces the heart at a constant rate,
regardless of intrinsic electrical activity or physiological need. This
mode does not respond to the metabolic needs of the body and the
patient reaches an exercise plateau quickly. Because of this limitation, a
fixed mode is not commonly used at present. The second mode is
referred to as the demand or inhibited mode. In this mode, when the
pacemaker senses the intrinsic activity it inhibits the generator from
releasing its electrical stimuli. In the absence of intrinsic activity, the
pacemaker generates a pulse. The third mode is the triggered or
synchronous mode that paces when the conduction system fails to
paCt'; this mode also pacL'S in unison with the conduction system when
it senses intrinsic activity.

The pacemaker can bereferred to by the number of chambers that it
interacts with and is dependent upon the underlying pathology.
Single-chamber pacemakers sense and stimulate the atria or ventricles
on the basis of the intrinsic activity. In dual pacing, the delivery of an
electrical impulse to the ventricles is timed with the depolarization of
the atria in order to maintain the proper relationship between the atria
and ventricles; this is referred to as atrioventricular synchrony
(Woodruff & Prudente 2005).

Pacemaker universal reference system

There is a universal reference system that is used to describe the func
tion of the pacemaker. This is very important and enables any clinician

Table 45.1 Generic codes for pacemakers

Position

I (pacing chamber)

II (sensing chamber)

III (response to sensing)

IV(programmability)

V (multisitepacing)

Codes

0, A, V, D(A+ V)

0, A,V, D(A+ V)

0, I,T, D(T + I)



malplacement of the lead may also stimulate the diaphragm or cause
other cardiac arrhythmias. The patient may also develop a hema
toma, infection or skin erosion at the site of the pacemaker generator
(Woodruff & Prudente 2(05).

Pacemaker dysfunction can be classified according to three cate
gories. 'Inappropriate sensing' means that the pacemaker is either
undersensing or oversensing. In undersensing, the pacemaker does
not detect the intrinsic activity of the conduction system, which
leads to improper pacing. When a pacemaker is oversensing, it does
not appropriately detect the lack of conduction activity and inhibits
the pacemaker from actually firing an impulse. This is clinically
more critical as the patients will be more symptomatic because of the
loss of conduction, contraction and cardiac output. 'Loss of capture'
means that the pacemaker does not generate a strong enough impulse
to cause myocardial depolarization. This may be caused by battery
failure, lead dysfunction, an increase in the capture threshold
because of fibrosis and necrosis at the lead site, or the use of certain
medications. Finally, 'failure to fire' means that the pacemaker fails
to release an impulse when it should. This can be caused by a failure
of the lead, battery failure or oversensing (Woodruff & Prudente
2(05).

Therapeutic intervention
-----------------------

There is little established data on rehabilitation in individuals with
pacemakers. The following section includes the author's recommen
dations, which are based upon years of experience and unpublished
protocols at the University of Maryland Medical System.

Specific care must be taken when the therapist is treating a patient
with a temporary pacemaker. The clinician should understand the
reason for the use of the pacemaker and how reliant the patient is on
the pacemaker. Before mobilizing the patient, the clinician needs to
ensure that the connections of the pacer leads are secure and that the
wires and temporary pacemaker are handled with care. It iscrucial that
the clinician monitors the patient's vital signs and responses to any
activity. It is helpful for the therapist to document if there is an increase
or decrease in pacing reliance based upon the activity and the inten
sity of the activity.

When the patient no longer needs temporary pacing, either because
there is medical stability of the cardiac rhythm or because there has
been a placement of a permanent pacemaker, it is important that the
patient is monitored after the removal of the temporary transthoracic
epicardial leads. There is a risk of epicardial bleeding when the leads
are removed, which is done at the bedside before the patient is dis
charged from hospital. The clinician should monitor the patient for
signs of tamponade or pericardial inflammation. The signs and symp
toms of cardiac tamponade include tachycardia, a decrease in systemic
arterial blood pressure, diminished heart sounds, dyspnea, orthopnea
and jugular venous distension. The adverse effects of inflammation
include pain, hypotension, diminished heart sounds and tachycardia.

The protocol for rehabilitation after the placement of a permanent
pacemaker varies from facility to facility. Typically, the involved
upper extremity is immobilized for the first 24h to decrease pain, pro
tect against bleeding or the development of a hematoma at the site of
the generator implant, and to decrease the risk of lead displacement.
It is safe for the patient to ambulate even if he or she needs to use an
assistive device. If a hematoma does not develop, range-of-motion
(ROM), strengthening and functional training can be resumed within
the toleranceof the individual. If a hematoma does develop, the patient
may experience neurological symptoms because of compression of
the brachial plexus. The upper extremity may be immobilized until
there arc signs that the bleeding has stopped and the hematoma is
stable. Some physicians will instruct the patient to avoid resistive
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overhead activities for 2 weeks after implantation, but active ROM
and activities of daily living are safe to resume. It is important that
treatment guidelines be established between the rehabilitation service
and the electrophysiology department to maximize the patient's
recovery.

Beforeworking with a patient who has a permanent pacemaker, the
therapist should know which mode of pacing has been programmed
into the device because the mode affects a patient's cardiovascular
tolerance to exercise. Exercise tolerance is dependent on the underly
ing disease, the type of pacemaker and the degree to which the
patient is dependent on the pacer to maintain cardiac output.
Patients with fixed-rate pacemakers are unable to elevate their heart
rate to accommodate higher demand, so the therapist must recognize
this limitation and adjust the treatment plan accordingly. A pacemaker
set on dual mode, for example the DOOR pacemaker, allows the
patient's heart rate to vary according to demand. Such a patient would
not be expected to have an exercise limitation because of the existing
conduction abnormality. Exercise tolerance is also dependent on the
patient's level of fitness. It is also important to evaluate the cardiovas
cular response to exercise to ensure that the patient is tolerating the
exercise and that the pacer is working appropriately. Finally, the clini
cian should talk to the patient to make sure that the pacemaker is
appropriately inspected for proper function and to assess battery life.

There are special concerns that the physical therapist must consider
when working with a patient who hasa pacemaker. Modalities such
as transcutaneous electrical nerve stimulation (TENS), shortwave and
microwave diathermy, neuromuscular stimulators and ultrasound
should not be used in the region of the pacemaker (Woodruff &
Prudente 2(05). Superficial heat and cold should be safe to use once
the surgical incision has healed, but the tissue directly over the gener
ator should be insulated for protection. If there are any questions
regarding the use of a modality or specific rehabilitation technique, the
cardiologist should be consulted. The therapist should also be aware
that the muscular activity of pectorals, abdominals and the diaphragm
can lead to artifacts, which can result in inappropriate sensing (over
sensing) and underpacing. Therefore, it is important for the therapist
to continue to monitor the patient's vitals, symptoms and heart rate
regularity when new exercises are introduced or the intensity is
increased. If the patient complains of lightheadedness or presents with
syncope, low blood pressure and decreased tolerance to activity, the
patient should be referred to the cardiologist to assess the function of
the pacemaker.

DEFIBRILLATORS

When a patient has a history of presyncope, syncope, cardiac arrest or
heart disease, with documented significant ventricular arrhythmia, an
automatic implantable cardiac defibrillator (AICD) may be the inter
vention of choice. Approximately 100000 AICDs are implanted annu
ally (Stevenson et aI2004). In Europe, it is more difficult to determine
the actual rate of utilization of AICDs but it is estimated to be about
453 cases per million people in the UK and 93.3 cases per million in
Italy per year (Plummer et aI2005, Proclemer et aI2oo5). This device
delivers a strong enough electrical impulse to depolarize the entire
myocardium, in the hope that the sinus node will resume control as
the primary pacemaker. The use of AICDs decreased the mortality
rate by 40% over 1 year and 30%over 3 years for patients with a low
ejection fraction (Cannon & Prystowsky 2004).

In many incidences, a generator can be implanted that has the
capacity of a pacemaker and an AICD in one unit. The generic codes
for AICDs are shown in Table 45.2. In patients with brady-tachy
arrhythmias, the pacemaker/ AICD can be programmed to pace at a
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A.atrium;D. dual;E. electrogram; H.hemodynamic; 0, none; V,ventricle.

Therapeutic intervention

It is important that a therapist is aware when working with a patient
who has an Alt.D, In the acute phase, the immobilization of the upper
extremity and restoration of arm function follows the same guidelines
as described above for pacemakers. If the AICD generator is implanted
in the abdominal wall, the patient should be instructed in proper body

Disturbance or dysfunction of normal heart conduction can result in
decreased cardiac output, which leads to symptoms of lightheaded
ness, altered vision or mentation and syncope and balance/fall dys
function. Temporary and permanent conduction problems may be
treated by inserting a pacemaker or, in cases of life-threatening
arrhythmias, an AICD. These devices can improve the patient's
safety and tolerance to exercise and participation in work and recre
ational activities and can therefore improve quality of life. In such
circumstances, the therapist must be aware of certain treatment con
cerns and must know the set mode of pacing before exercising a
patient. Vital signs should be monitored during exercise to deter
mine the patient's tolerance. To prevent harm, the clinician should
know the relative and absolute contraindications of various modali
ties in a patient who has a pacemaker and/or AICD implanted.

CONCLUSION

mechanics to protect the incision. It is also helpful to teach the patient
splinting so that pain caused by movement and coughing can be
decreased.

The patient and therapist should know the rate at which the genera
tor becomes activated as well as the length of time of the delay. One of
the goals of therapy is to determine what are safe activities and
proper resistance or workloads for exercise, so that a high enough
heart rate is achieved to provide benefit from the exercise but not
high enough to activate the AICD. The therapist can provide the car
diac electrophysiologist with vital information in setting the heart
rate boundary.

The therapist should recognize that there are psychological effects in
almost 90% of patients with AlCDs. These patients suffer from depres
sion and anxiety, and will self-limit and therefore decrease their quality
of life because they are fearful of the firing of the AICD. There is an ele
vated fear of death and a change in body image, which may interfere
with intimate relationships. There is also a loss of control and increase
in self-doubt and helplessness (Schermann & Keung 2(05). Providing
education about exercise, self-monitoring and the function of the AlCD
is important. It is also important that the clinician make sure that the
patient is undergoing routine check-ups to ensure that the AICD is
working appropriately to prevent false firing and sense appropriately
and that the battery is active.

If the patient's heart rate rises above the preset rate, the patient
should sit down and be instructed to cough or perform a Valsalva
maneuver. These maneuvers may cause vagal stimulation, which may
result in a decrease in heart rate and prevent a shock. The therapist
should monitor the patient's vital signs and notify the cardiologist if
the defibrillator delivers a shock. The clinician may feel the shock if in
contact with the patient at the time of defibrillation but it will not be
harmful. Complications involved in the use of an AICD are similar to
the complications discussed above for pacemakers.

E, H

0, A, V, D (A+ VI

0, A,V, D(A+ VI
0, A,V,D(A+VI

Codes

I (shock chamber)
---:._---------------

II (antitachycardia pacing chamber)
---------

III (tachycardia detection)
--------------------------
IV (antibradycardia pacing chamber)

-------------

Position

Table 45.2 Generic codes for AICDs

minimal rate when the rate becomes to slow. When the rate becomes
too fast, the pacemaker will attempt to overpace the heart to recap
ture the rhythm and then slow the rate down again. This is referred
to as 'tachypacing'. If this program does not work, the AICD may
deliver a low level shock (5-10 J) in an attempt to convert the rhythm
to a more stable rate. If this is unsuccessful or the generator interprets
the rhythm as ventricular tachycardia or fibrillation, the AICD will fire
a more significant shock (30-501) to convert this life-threatening
rhythm to a more stable rhythm (Cannon & Prystowsky 2004).The use
of a pacemaker/AICO has been shown to improve survival, exercise
tolerance and quality of life and decrease hospitalization for patients
with heart failure (Schron & Domanski 2003).

111e AICD is also comprised of a generator and leads. The generator is
inserted in the left or right pectodeltoid area. The older models were
larger and were inserted in the submuscular or subcutaneous left upper
quadrant of the abdomen. The endocardial lead is placed in the right
ventricular apex via a transvenous approach (Stevenson et al 2004).
When there is also a pacemaking program, leads are placed in the
right atria and possibly the left ventricle for pacing function.

Most AIcns function in the following manner. The AICD monitors
the heart rate and rhythm for abnormalities. It is programmed to detect
a preset rate and, if that rate is exceeded, the device is activated. There is
a delay in the response of the defibrillator to provide a chance for the
abnormal rhythm to convert back to a normal rhythm. If the arrhythmia
continues beyond the delay, the generator charges, takes a second look
at the rhythm and delivers an electrical shock if the abnormality is still
present. 111e goal is to depolarize the myocardium and return the
patient's heart to a more stable rhythm.
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INTRODUCTION

Invasive procedures for the treatment of cardiac pathologies, such as
catheterization, angioplasty and bypass surgery, have become com
monplace over the past 30 years. Over 1.3 million invasive cardiac
procedures are completed annually (Arjomand et al 2003,Maziarz &
Keutlar 2004) and there have been many advances in the surgical
management of cardiac disease. The age and number of comorbidi
ties of elderly patients have increased the complexity of the proce
dures performed; unfortunately, however, these factors have also
continued to affect the outcomes. This chapter will briefly discuss the
various invasive procedures for the management of heart disease,
particularly coronary artery disease.

CATHETERIZATION

Cardiac catheterization has become a standard procedure in the
diagnosis of heart disorders and disease and in the assessment of car
diac function (see Fig. 46.1 for a description of the clinical name of the
pressures within each of the chambers of the heart and their average
values). A right heart catheterization (RHC) can be used to assess the

Figure 46.1 This illustration defines the clinical name of the
pressures within each of thechambers of the heart and their
average values. CVP, central venous pressure; PAP, pulmonary
arterial pressure; PCWP, pulmonary capillary wedge pressure.

volume and pressures within the cardiopulmonary system and is
completed by placing a catheter within the right side of the heart, typ
ically via the internal jugular, femoral or brachial veins. This catheter
can measure how much blood is returning to the heart, referred to as
preload, by recording the pressure within the right atrium, which is
called central venous pressure. The physician can measure the func
tion of the right ventricle and pulmonary vascular system by mea
suring the volume and pressure within the right ventricle. The
catheter can be passed into the pulmonary trunk and used to indirectly
measure the preload of the left side of the heart, which is referred to
as the pulmonary capillary wedge pressure. This procedure can also
be used to estimate blood gases, cardiac output and function of the
tricuspid and pulmonic valves and to detect septal defects. Finally,
RHC can be used to diagnose pulmonary hypertensive diseases,
assess extent and location of embolism, take a tissue biopsy and eval
uate the responsiveness to medications used to improve heart func
tion and decrease pulmonary hypertension (Guillinta et al 2004).

A left heart catheterization (LHC) is commonly used to diagnose
coronary atherosclerosis; this helps to determine the state of perfusion
of the myocardium. The catheter is passed into the arterial system
through the femoral or brachial arteries. At the time of the coronary
arteriography, a ventriculography can be completed for assessment
of left ventricular function including description of wall motion and
function of the mitral and aortic valves and measurement of the ejec
tion fraction, blood gases and the blood volume of the left ventricle
and cardiac output. Heart catheterization can also be used to assess
the health of the extracardiac major blood vessels of the body
(DiMario & Sirtaria 2005).
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Therapeutic intervention
Activity restrictions will vary depending on whether a patient has a
Rile or a LHC If the patient undergoes only a RHC, once the
catheter is removed from the vein, pressure is applied to the site for
2-5min to ensure that bleeding has stopped. The patient is then
allowed out of bed and can resume activities as tolerated and as
medically indicated. After undergoing a LHC, direct pressure is
applied for S-20 min or until the bleeding has stopped after which a
pressure dressing is applied and the limb immobilized. The physi
cian may insert a vascular plug or a suture to seal the puncture site of
the artery but the patient will typically need to be on bedrest. If the
femoral artery is the site for catheterization, the patient will be on
bed rest for 4-6h. If the brachial artery is the site for the LHC, the
patient may be allowed out of bed in 2-4h but the extremity will need
to be elevated and immobilized for 4-6h. When the patient and the
extremity are permitted to be mobilized, it is important for the clini
cian to inspect the arterial site for bleeding or the development of a
hematoma before and after the therapeutic intervention. If bleeding
persists or a hematoma has developed, it is critical to notify the
physician in order to control the bleeding and assess the artery for the
development of an aneurysm. There is also the risk of renal dysfunc
tion because of the dye that is used during the arteriography.

ANGIOPLASTY

Then' are several procedures that may be performed in the cardiac
catheterization laboratory when a diagnosis of coronary atherosclero
sis has been confirmed. A discrete noncalcified lesion that is in the
proximal. artery is the best lesion for a percutaneous transluminal
coronary angioplasty (PTCA) procedure. Angioplasty should be con
sidcred for one- or two-vessel disease except when there is Significant
disease involving the left main artery (Michaels & Chatterjee 2002).
Heart function and comorbidities, such as diabetes mellitus and acute
myocardial infarction (MI), should also be taken into account when
the specific invasive procedure is selected because they may decrease
the favorable outcome of a PTCA (Arjomand et al2oo3).

By performing a PTCA, it may be possible for the cardiologist to
open the occluded artery and restore blood flow. A guide wire and
catheter are inserted using the same procedure as in LHC The guide
wire is advanced through the atherosclerotic lesion and a dilatation
catheter balloon is inserted over the guide wire. The balloon is then
inflated, with the goal of redistributing the atherosclerotic plaque.
The result is an enlargement of both the lumen and the overall diam
eter of the vessel. The balloon is then deflated and an angiography
repeated to assess the effectiveness of the PTCA. The patient is typi
cally administered heparin or bivalirudin to decrease the risk of
thrombus formation and nitroglycerin may be administered into the
coronary artery to prevent vasospasm. The PTCA can be repeated if
nt'ccssary or be performed on other involved arteries.

The catheter sheath is typically not removed immediately and the
patient is taken to the recovery room for monitoring to ensure hemo
dynamic stability and resolution of ischemia and anginal symptoms.
It is recommended that the sheath be removed within 5 h to reduce
the risk of complications such as bleeding. This decreases the length
of stay and, in addition, it has been shown that patients who have a
sheath in place for more than 7h have an increased mortality rate
(Galli & Palatrik 2005).

Although PTCA is a minimally invasive procedure and is associ
ated with an approximate acute success rate of 90%, it is associated
with several complications. Venous thrombosis and embolization may
occur, causing a cerebrovascular accident (CVA) or occlusion of

another coronary vessel and creating further ischemia or infarction.
During the procedure, there is a risk of perforating or dissecting the
coronary artery, which could lead to tamponade or MI. Tamponade or
artery dissection requires emergency surgical intervention to stop
bleeding and preserve myocardial function. The catheter can also
cause life-threatening arrhythmia, and bleeding, infection and the
development of a pseudoaneurysm may occur at the entrance site of
the catheter, usually the femoral artery. PTCA is associated with a
complication rate of 4.1%; in total, 29% of these complications are
caused by arterial dissection. The restenosis rate is 4% and, of patients
who suffer from restenosis, the arterial closure leads to MI in up to
50% of cases. About 30% of patients will require surgical intervention.
Finally, there is a 5% mortality rate for patients who suffer from PTCA
complications (Arjomand et al 2003).

Despite the advances in medical technology, there is a 30% chance
of restenosis within the first year after a PTCA. Restenosis within the
first 6 months post-PTCA is associated with cell proliferation,
macrophage infiltration, platelet agitation and neovascularization
(Hedman et al 2003) that leads to narrowing or occlusion of the coro
nary artery. After 6 months, it is believed that restenosis is caused by
further progression of the coronary artery disease.

STENTS

The use of an endovascular stent in PTCA has been associated with
a decreased rate of restenosis compared with the use of a PTCA alone.
The benefit of stents is that a larger lumen can beachieved and there
is a decrease in elastic recoil of the artery (Arjomand et al 2003).These
stents may also be placed after a PTCA when there is an acute
restenosis. In the US, over a million stents are used annually but
there still is a 1S-20% restenosis rate (Radke et al 2003), which has
the same cellular mechanism as described above. The stent is guided
into place across the atherosclerotic plaque over the guide wire. Once
in position, the stent either self-expands or a balloon is inflated to dis
rupt the lesion and dilate the coronary artery to restore myocardial
perfusion.

Further advances in stent technology have been made to address
the complication of restenosis, Stents vary in size, length, thickness
and drug coating over the stent. A stent can be coated with heparin or
another drug that actively interrupts the development of restenosis,
Thus, drug-coated or drug-eluding stents can be covered with such
drugs as sirolimus or rapamycin. Sirolimus actually decreases
endothelial function and affects platelet physiology (Lemos et al
2003)and rapamycin inhibits cell proliferation (Arjomand et al 2003).
At the time of the catheterization, a glycoprotein IIb/lia inhibitor.
such as abciximab, eptifibatide or tirofiban, may be injected before
stent placement to decrease thrombosis formation (Arjomand et al
2003). Along with a drug-eluding stent, the patient is typically placed
on anticoagulant medication for at least 6 months to decrease risk of
thrombosis formation.

When stenosis occurs, there are several options to treat the ischemic
state. Another stent can be placed within the present stent to reapm
the lumen; this is known as 'stent-in-stent therapy'. Also, a PTCA,
atherectomy, or laser or radiation therapy can be selected to reopen
the lumen (Radke et aI2003).

ATHERECTOMY

There are four general types of atherectomy procedure that can be
used to debulk or remove a thrombosis or atherosclerotic plaque and
restore coronary blood flow. Atherectomy can be used independently



or in conjunction with PTCAor stent deployment. The primary func
tion of the atherectorny is to mechanically remove the plaque. A direc
tional atherectomy (side-cutting) is best used when the lesion is
located at a bifurcation or is eccentric and complicated. The rotational
atherectomy uses a circular abrasive method and an atherosclerotic
extraction device with cutting blades at the end of the endovascular
instrument to debulk the artery. Laser has been successfully used to
vaporize tissue in the case of 'in-stent' stenosis. Finally, a cutting bal
loon angioplasty, which is an atherotomy as opposed to an atherec
tomy, excises the lesion and dilates the artery by using a balloon
catheter with a microsurgical blade (Arjomand et aI2(03).

As well as the complications mentioned for PTCA, atherectomy
can also cause microembolic activity that can result in arterial occlu
sion of distal smaller arteries. This can lead to focal ischemia and
infarction.

LASERS

TIlt'atherosclerotic lesion can be managed by an ablative laser atherec
tomy procedure. Direct ablation by laser is indicated for a lesion in a
saphenous vein graft, in aorta-coronary artery ostial stenosis, for a
fibrotic or calcified lesion, for a lesion that affects a diffuse area or in
stent restenosis, Based upon the cellular makeup of the plaque, the
correct wavelength can vaporize the lesion. The most common com
plication of this application of lasers is perforation of the vessel
(Arjomand et aI20(3).

Lasers are also being used to conduct the Maze procedure for the
treatment of atrial fibrillation and transmyocardial revascularization.
These procedures will be briefly discussed later in this chapter (see
under 'Maze procedure').

RADIATION

lntracoronary radiation, also known as brachytherapy, is being uti
lized to manage restenosis of treated coronary artery disease. The use
of isotopes inhibits smooth muscle proliferation, delays the healing
process and prevents the remodeling of the treated arteries. When
brachytherapy is used in stent restenosis, there is a reduction of fur
ther restenosis by 50'}"u (Arjomand et aI2(03).

Therapeutic intervention
--- --- ------ --------

The therapeutic intervention during the acute phase after a catheter
ization procedure is similar to that described above for a LHe.
Because the patient has been diagnosed with coronary artery disease
and there is the risk of restenosis, it is important that the clinician
educates the patient in the importance of compliance with routine
medical check-ups and the use of medications and that the patient is
able to recognize the signs and symptoms related to MI. In the long
term, it is important that the patient begins to minimize his or her
cardiac risk factors, such as cessation of smoking, management of
hypertension and diabetes and proper diet and weight management,
and participate in a regular exercise program.

CORONARY ARTERY BYPASS SURGERY

In the presence of multi vessel coronary disease, complex diffuse
lesions, left main arterial disease, multivessel disease with left ven
tricular dysfunction and in patients with diabetes, coronary artery

Invasive cardiacprocedures 289

bypass graft (CABG)surgery is the invasive procedure of choice (Ghali
et aI2000, Grip et aI2004). The purpose of performing CABG surgery
is to restore perfusion to viable myocardium by diverting blood
around the atherosclerotic plaque to perfuse the myocardium distal
to the occlusion.

Typically, the surgical approach is a median sternotomy but, more
recently, CABG procedures are being carried out using an anterior
thoracotomy approach. The approach that is used depends on the
involved arteries, heart function, stability of the conduction system,
the need for cardiopulmonary bypass support and the surgeon's
training.

The vascular tissue that is harvested for the bypass procedure can
be either arterial or venous in nature. Traditionally, the saphenous
vein has been used to bypass the lesion by making an anastomosis of
the vein to the aortic root and to a point distal to the lesion or steno
sis. The vein is sutured in the reverse direction to prevent the valves
within the veins from obstructing blood flow. Other sources of grafts
or conduits continue to be investigated because the saphenous vein
graft (SVG) has a modest rate of stenosis. In total, 15% of SVGs will
become occluded within the first year because of hyperplasia and
accelerated atherosclerosis and 50% are occluded within 10 years
(Verma et aI2(04).

The left, right or both internal thoracic (mammary) arteries (IMA)
are common grafts for bypassing the left anterior descending artery.
The left mammary artery, which has a 90% patency rate 10 years after
the surgical procedure (Verma et aI2004), is most commonly used
because the use of the right mammary artery or both IMA is associ
ated with sternal wound complications (Knot et aI2(04). Other arter
ies of the torso, such as the right gastroepiploic and inferior epigastric
arteries, have been used as conduits but are not commonly used
because of the difficulty in harvesting the arteries, which are small and
fragile and associated with wound complications (Verma et aI2004).

The radial artery is another viable graft option if there is sufficient
perfusion to the hand and forearm. In total, 88% of radial artery con
duits are still patent 10 years after surgery. The radial artery is sus
ceptible to vasospasm and lower patency when it is used to bypass
the left circumflex or right coronary artery. It is also less viable for
women (Knot et al 2004, Verma et aI2004).

Traditionally, when undergoing this procedure, the patient was
placed on a cardiopulmonary bypass (CPB) to stop the heart and
allow the CABGsurgery to be completed. The CPB circulates blood to
allow for full cardiopulmonary support while the heart is not beat
ing and the grafts are sutured in place. This is a necessary procedure
based upon the size and location of the coronary arteries, hemody
namic stability and left ventricular function. Unfortunately, there are
adverse effects associated with CPB, particularly in the geriatric pop
ulation. These adverse effects are related to the inflammatory
response by cellular and humeral mediators that can lead to myocar
dial, renal and neurological dysfunction and coagulopathies, and
small embolic activity that may impair cerebral function. These com
plications can also lead to respiratory failure and multisystem organ
failure (Verma et al 2004).

It is believed that there is a decrease in mortality and a decrease in
the incidence of stroke and central nervous system dysfunction
when the CABG surgery is completed off CPB. However, it has not
been determined how this will affect the long-term outcome for
patients (Verma et aI2004).

Certain risks are involved when a patient is undergoing a CABG.
The surgery may be complicated by MI, arrhythmia, incisional and
sternal infections, failure to wean from mechanical ventilation, bleed
ing, stroke or acute renal failure. The procedure also carries a 1-3%
mortality rate, which can be higher in patients with postoperative
complications or in patients with coexisting disease like diabetes,
declining left ventricular function and untreated heart failure.
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Minimally invasive direct coronary artery bypass
-_. -_._-

Depending upon the blood vessels that are occluded, the stability of
the patient and the function of the heart, the surgeon may opt to per
form the bypass through a small anterior thoracotomy, referred to
as minimally invasive direct coronary artery bypass (MIOCAB). The
goal of a thoracotomy approach is to decrease the surgical trauma
caused by a median sternotomy, improving recovery and reducing
the length of the hospital stay. The MIDCAB is performed through a
small anterior thoracotomy incision in the left fourth or fifth inter
costal space. Typically, the left IMA is the conduit of choice to bypass
the left anterior descending artery. The inferior epigastric artery or the
saphenous vein can also be used as a conduit, but this is rare.

There are two major advantages to this surgical procedure: the
patient does not have to be placed on CPB during surgery and a
median sternotomy is avoided. MIDCAB is also referred to as a key
hole procedure. It is usually selected over the traditional CABG in
cases of isolated left anterior descending (LAD) arterial disease, with
or without additional vessel stenosis that can be managed with
lyrcA. When the patient undergoes a MlOCAB and PTCA, it is com
monly referred to as a hybrid procedure. Patients who are at high
risk for developing complications from CPB or median sternotomy
are candidates for a MIOCAB.

Therapeutic intervention
----------

Immediate postoperative precautions should be followed but the cli
nician should be aware that the postoperative precautions may vary
from facility to facility. There is little published research to guide the
clinician in the appropriate care of patients in the acute postoperative
period; consequently, the information provided in this section is the
clinical advice from this author. Commonly, the incisions are covered
with only a dry dressing in the immediate postoperative phase and in
the presence of a draining wound. If the saphenous vein is harvested,
the involved lower extremity will typically be Ace-wrapped for
24-48 h to control edema.

In terms of shoulder range of motion (ROM), when a median ster
notom y is the surgical approach, activity is performed within the tol
erance of the patient, particularly flexion and abduction to 90 degrees
and external rotation with abduction from 0 to 60 degrees. If the
patient has a long history of diabetes associated with poor healing or
is cognitively impaired or unable to report pain upon movement,
ROM should be limited to 90 degrees of flexion only and external
rotation performed only at 0 degrees of abduction.

Acute care rehabilitation includes restoring functional mobility,
increasing ambulation tolerance and preparing for discharge.
Strengthening and functional mobility exercises are also performed
within the patient's tolerance and using proper body mechanics to
protect the sternum and incision. Female patients who wear a 'C
cup' or larger size of bra should wear a bra that does not have an
underwire, to decrease the tension of the incision.

For a patient who has undergone a median sternotomy and been
classified as uncomplicated, functional mobility should begin as soon
as the patient is alert and hemodynamically stable. Out-of-bed activi
ties may begin as early as 3-6 h in the postoperative period. The
supine-to-sit transfer should begin with the patient placing a pillow
across the chest and rolling to a sidelying position. If the patient rolls
to right sidelying, the right arm should splint the sternum while the
left upper extremity assists in the roll, keeping the left humerus ante
rior to the midaxillary line. From the sidelying position, the right
upper extremity continues to splint the sternum while the left upper
extremity is positioned across the torso onto the bed to push the
body upward into a sitting position.

For getting into and out of a chair, the patient should be instructed
on weight-shifting on to an elbow; this will unweight the contralat
eral pelvis and enable the pelvis to be moved forwards or backwards.
Moving from 'sit' to 'stand', the hands can be placed on the knees or
on the arm rest but the work should be performed through the lower
extremities. It is safe to allow the patient to use an assistive device if
necessary; in the case of a wheelchair, the patient should instructed
not to position the hands any further back than the top of the wheel.
Patients are typically instructed to comply with sternal precautions
for appropriately 10 weeks.

Patients who have undergone a thoracotomy procedure do not have
to follow strict upper extremity precautions. ROM can be completed
according to tolerance. Splinting across the surgical site helps to
decrease pain and improves the patient's willingness to cough, partic
ipate in deep breathing exercises and initiate mobility training. There
are no restrictions for transfers; if necessary, the clinician should assist
the patient in transfer modifications to decrease the incisional pain.

At the University of Maryland Medical Center, patients are classi
fied into low, moderate and high risk for sternal complications.
Patient are classified as moderate risk for sternal complications if they
have a significant history of poorly controlled diabetes, a history of
type I diabetes of greater than 10 years, a history of systemic corticos
teroid use, moderate truncal obesity or if the surgeon used a bilateral
IMAgraft. Other moderate-risk patients are those with comorbidities
that require partial or weight-bearing as tolerated for the upper
extremities in order to permit mobility. These patients may be placed
in a device that approximates the upper rib cage, such as a sheet
wrapped around the thorax or a 'heart-hugger' device, to increase
the stability of the sternum. Once the sternum is stabilized, functional
mobility can be instructed as described above. The clinician should
routinely inspect the incision for healing and assess the patient for
sternal stability. Figure 46.2 describes mobility training in patients
using moderate sternal precautions.

Patients who are classified as high risk have a known history of
wound complications, nonunion fractures and impaired mental sta
tus. These patients are instructed to splint the sternum and rib cage
with both upper extremities and avoid the use of upper extremities
during transfers. Family training to assist with functional mobility is
very important for these patients. ROM exercises are limited to
shoulder flexion to 70 degrees and external rotation is completed
only at 0 degrees abduction. If the patient is unable to comply with
precautions and follow commands, ROM exercises are delayed for
10-21 days to simplify the patient's education. If mental status
improves, ROM and functional mobility can be advanced to promote
functional independence. Patients classified as having a moderate to
high risk of sternal complications are instructed to follow precautions
for at least 12 weeks and sternal healing should be confirmed by
radiography.

Rehabilitation during the acute phase of recovery should also
address pulmonary care and include education about cardiac risk fac
tors (e.g. cessation of smoking), the proper use of medications and the
need for a sensible diet. Instruction in the use of the incentive spirom
eter, splinting and coughing techniques, and early ambulation should
be emphasized to reduce the risk of atelectasis or pneumonia. It is rec
ommended that patients ambulate at least three times a day with a
goal of ambulating for at least 10 min in each session. Postoperative
education should also include a home exercise program that includes
increasing walking tolerance to 30 min a day for 5 days a week over
the next 6 weeks of recovery. The patient and family should be
instructed on which signs and symptoms to monitor so that any post
operative complications can be identified. The patient should avoid
lifting more than 10lbs (5 kg) and should not drive until the surgeon
or clinician discontinues the sternal precaution. The patient should sit
in the back seat of a vehicle with a pillow across the chest underneath



the seat belt; the patient should not sit in the front seat of a vehicle if
it is possible that an airbag may be activated. The goal for discharge
is to achieve medical stability, restore functional mobility and com
plete all the education necessary within 3-5 days of surgery.

The focus of rehabilitation in the subacute phase is to restore the
patient's ability to perform the activities of daily living and low-level
aerobic exercise. Upper extremity ROM is progressed to within normal
limits. Walking and cycling are the most common modes of exercise.
The aerobic program usually begins with timed intervals based upon
the patient's tolerance, with the goal of achieving 1~20min of exercise
daily. Referral to outpatient cardiac rehabilitation to begin phase Il can
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occur as early as 2-3 weeks postoperatively; this typically ranges from
24 to 36 visits during which electrocardiogram and vital sign responses
to exercise are monitored. The goal of this phase of rehabilitation is to
raise the patient's tolerance to the point where 40min of aerobic exer
cise can be completed. Once the surgeon has confirmed that the ster
num is healed, the patient can begin weightlifting using light to
moderate weights. Questions regarding a return to work and recre
ational activities are entertained at this time. If the patient is returning
to a job that requires physical labor, the clinician should design a work
hardening program to enable the patient to successfully re-enter the
workforce and decrease the risk of work-related injuries.

Figure 46.2 (Aand B) These photographs illustrate how the patient is instructed to progress
out of bed using a hearthugger. Please notethat the patient is using the right upper
extremityto splint the chest wall and that the elbow is held tightly against the rib cage to
prevent the patient from abducting the arm.
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Figure 46.2 (e) During scooting it is important to remind the patient to keep the upper extremities in front of the.trunk. (D) .The upper
extremity [-ies] can beused to move from 'sit' to 'stand' but the patientshould visually check to make sure that their hand(s) IS properly
placed in front of the trunkbefore pushing.

VALVULAR PROCEDURES

In the case of moderate to severe valvular disease, the valve can be
dilated, repaired or replaced. In balloon valvuloplasty, a procedure that
is carried out via catheterization for a noncalcified stenotic valve, the
balloon catheter is placed across the valve. The balloon is then inflated
to dilate the lumen and thus decrease the pressure across the valve.
This procedure may be complicated by hypotension, myocardial wall
perforation, tamponade, arrhythmia, an embolic event, rupture of the
chordae tendineae cordis or papillary muscle, MI and valvular regur
gitation. A valvotomy is a palliative procedure performed in a younger
patient with an uncomplicated noncalcified stenotic lesion. This open
procedure allows the surgeon to see the valve and to resect an atrial
thrombus, a common finding. The surgeon can correct the fusion of the
leaflets or chordae tendineae cordis and split the papillary muscles to
improve the function of the valve. An annuloplasty involves the repair
of the annulus, particularly necessary in cases of regurgitation. The
annulus can be reduced in size to correct the insufficiency or a stent can
be put in place to stabilize valve function. Finally, a commissurotomy
involves the surgical splitting of the commissure to correct a stenotic
valve (Vahanian & Palacios 2004, Yacoub & Cohn 2004).

In the case of a complicated calcified lesion, a symptomatic patient
with moderate to severe disease or the failure to repair a defect, the

diseased valve can be replaced by either a mechanical or a biological
valve. The mechanical valve, composed of metal or synthetic materi
als, is a ball or disk mechanism that responds to pressure changes. The
most common valve is a St Jude valve. It is highly durable and is
the valve of choice for the younger patient. The disadvantage of the
mechanical valve is that it makes an audible sound and requires anti
coagulation drugs to be taken for life because of the risk of throm
boembolic complications. Biological valves can be obtained from
animal or human tissue. A heterograft is composed of porcine or
bovine tissue. Human valves are harvested from cadavers, but the
availability is low. The advantage of a biological valve is that it pre
serves the normal function of the valve and is fairly nonthrombogenic;
however, it is of limited durability and has a tendency to have a
smaller orifice, which creates a stenotic state. The selection of the type
of valve depends on the age of the patient and the risk of anticoagula
tion (Vahanian & Palacios 2004, Yacoub & Cohn 2004). The reader is
referred to Chapter 44 on Heart Failure and Valvular Heart Disease for
further information on the management of valvular disease.

Therapeutic intervention
The rehabilitation of the patient who has undergone valvular repair
or replacement is similar to that of patients who have undergone



myocardial revascularization (see the discussion above on immedi
ate post-CABG rehabilitation). Patients who are placed on anticoag
ulation therapy should be educated to be cautious when participating
in contact recreational sports and vigorous weight-lifting activities.
They should also be educated on the importance of follow-up med
ical checks to monitor anticoagulation levels and the signs and
symptoms of bleeding.

MAZE PROCEDURE

One of the complications of heart disease is the development of atrial
fibrillation. This is an irregular conduction rhythm that interferes
with proper filling of the ventricles and increases the risk of throm
bus formation within the atrium, which increases the risk of stroke.

Although atrial fibrillation is considered to be very unpredictable
with regard to heart rate, the pattern of depolarization is more pre
dictable than once thought. With this in mind, it is possible to disrupt
the pathway of depolarization within the atria, with emphasis on the
left atrium, to ablate the arrhythmia. The Maze procedure involves
making surgical incisions or lesions with a laser in a precise pattern to
create alleys that only allow one way for atrial depolarization to
occur (Cox 2004).

The Maze procedure can be performed alone through an anterior
thoracotomy or, more commonly, in conjunction with another open
heart procedure. With the most recent Maze procedure, the Maze III,
the surgeon also excises the appendage of the left atrium and con
centrates the laser around the pulmonary veins (Gillinov &
McCarthy 2004).

In the acute phase of recovery, it is not uncommon for the patient's
heart to revert back into atrial fibrillation because the myocardial tis
sue is irritated and inflamed. It is important for the clinician to moni
tor and be able to recognize the signs and symptoms of atrial
fibrillation. Typically, for the first three months after the procedure,
the patient will be placed on antiarrhythmic medication to decrease
the risk of developing atrial fibrillation. In total, 38% of patients will
develop atrial fibrillation in the acute and subacute phase of recovery
(Palazzo 2(00). The patient should undergo cardioversion and have
their medication adjusted to prevent recurrence of the arrhythmia.

TRANSMYOCARDIAL REVASCULARIZATION

A patient who suffers from disabling angina that is nonresponsive to
medical therapy but who is not a candidate for the bypass procedure
because of diffuse distal coronary disease may be a candidate for
transmyocardial revascularization (TMR). Since the acceptance of
enhanced external counterpulsation therapy, fewer isolated lMR pro
cedures are being performed. In today's practice, the surgeon is
more likely to perform a lMR in conjunction with a CABG or valvu
lar procedure (Yanget aI20(4). The 1MR procedure involves the use of
a laser and the approach can be percutaneous, thoracoscopical or,
most commonly, a left anterolateral thoracotomy in the fifth or sixth
intercostal space. When the left ventricle is fully distended with
blood and depolarization has begun, a laser is fired through the
myocardium. The laser makes a l-mm channel through the wall of
the left ventricle and the laser beam is absorbed by the blood in the
chamber. Several channels are made through the myocardium. Direct
pressure is applied to the epicardial surface to stop bleeding into the
pericardial sac. A suture may also have to be placed at the entrance
of the laser to control bleeding (Horvath 2004, Yang et aI20(4).

The exact mechanism that enables 1MR to improve myocardial
perfusion is still unknown. One theory states that perfusion is
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improved because blood is allowed to pass directly into the
myocardium from within the chamber. The use of the laser may also
stimulate the formation of collateral circulation, which further
improves perfusion. The procedure may also decrease angina
because of the denervation of the myocardium at the channel sites
(Horvath 2(04).

Therapeutic intervention
The rehabilitation process is similar to that recommended for the
patient who has undergone a medial sternotomy, but with a few dif
ferences. With the incision being made in the intercostal space, no ster
nal precautions need be taken. Upper extremity ROM, strengthening
and functional mobility can progress within incisional tolerance. The
rehabilitation progress may be slower for the patient who has under
gone a lMR secondary to coronary artery disease with impaired
overall myocardial perfusion. In this patient population, it is impor
tant to educate on the signs and symptoms of myocardial ischemia
and focus training on functional strengthening and functional activi
ties, for example walking, to promote independence. Education
regarding work simplification and energy conservation may also be a
key component of the rehabilitation process.

VENTRICULAR RECONSTRUCTION

When the ventricle becomes dilated as a consequence of ischemic
heart disease or develops an aneurysm as a result of a large trans
mural myocardial infarction, the ventricle is unable to generate a
sufficient contraction to maintain cardiac output and the patient
develops heart failure. The surgeon may consider a procedure to
reconstruct the ventricle and improve the efficiency of muscle con
traction. The aneurysm can be resected, known as aneurysectomy,
which may also improve anginal symptoms and decrease ventricular
arrhythmia. A section of the ventricular wall can be excised and a poly
ester mesh wrapped around the ventricle to act as a girdle; this pro
vides flexibility to the ventricle to allow for filling and strengthened
ejection. This is known as the Acorn Corcap procedure and is currently
under clinical trial. Surgeons have also used a portion of the latissimus
dorsi to wrap around the ventricles, known as dynamic cardiomyopa
thy; however, this procedure is associated with a high mortality rate.
Alsounder investigation is the myosplint procedure. In this procedure,
epicardial pads are secured to the ventricular wall and transventricular
wires pass through the wall to connect them. This increases wall ten
sion and results in a restructuring of the shape of the ventricles and
therefore an improvement in their function (Lee et al20(4). These pro
cedures are primarily used for left ventricular pump dysfunction and
failure but may be used in patients with severe right ventricular failure.

VENTRICULAR ASSIST DEVICES

Until recently, the use of ventricular assist devices (VADs) was reserved
for younger patients who were suffering end-stage heart failure and
waiting for heart transplantation. The VAD was implanted as a bridge
to transplant in patients whose condition was refractory to medical
care. More recently, in the US, clinical trials have begun to explore the
use of VADs in older patients who are not candidates for heart trans
plantation. The goal of these trials is to support the function of the fail
ing left ventricle so that the patient can regain functional independence
and improve their quality of life.The investigators in these clinical tri
als are also hoping that the use of VADs will decrease the number of
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Figure 4G.3 The Novacor is a ventricular assist device (VAD) that
supports the left ventricle. The position of the VAD within the body
and its interface with the cardiovascular system is shown, along
with the actual pump, its cannulas that allow for filling and
emptying of the pump and the drive line that connects the pump to
the computer, controller and power source.
(From WorldHeart Inc., Oakland, CA. Available: www.worldheart.com.•with
permission.)

hospital admissions and the cost of healthcare for patients with end
stage heart failure.

Currently, three clinical trials are exploring the use of left VADs
(LVADS) as surgical management for end-stage heart disease. The
permanent use of VADs is referred to as destination therapy.
The RELIANT trial is studying the performance and outcome of the
Novacor VAD compared with the HeartMate I (see Fig. 46.3). The
other clinical trials are investigating the use of the HeartMate II and
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INTRODUCTION

Lung disease can be classified based on its clinical characteristics. It is
common to classify pulmonary diseases as obstructive, restrictive (also
known as pulmonary fibrosis) or vascular.

Chronic obstructive pulmonary disease (COPD) is a generic term to
describe many lung pathologies that result in the trapping or reten
tion of air upon exhalation. Emphysema and chronic bronchitis are
two conunon obstructive diseases that affect people in the sixth decade
of life. Asthma and cystic fibrosis are also considered to be obstructive
lung diseases; they are typically diagnosed early in life, although
asthma can develop across the lifespan.

Pulmonary fibrosis refers to diseases that cause a scarring of the lung
tissue, for example interstitial pulmonary fibrosis and occupational
lung diseases such as silicosis, farmer's or coal worker's pneumoco
niosis and sarcoidosis. The result of the scarring causes a restriction or
reduction of the lung's compliance, which is the ability of the lung to
expand upon inspiration.

When a lung disease results in the destruction of the massive pul
monary vascular bed, pulmonary hypertension develops within the
pulmonary system. Pulmonary hypertension in the elderly can be the
result of a long-standing progressive obstructive or restrictive lung
disease, stenosis of the mitral valve, which causes a chronic rise in pres
sure in the pulmonary vascular bed, or a pulmonary embolism.

In a complete classification of lung pathology, there are threemore
categories of lung disease that are recognized by clinicians: infectious
diseases such as pneumonia and tuberculosis, pulmonary oncology
and diseases of the pleural lining. This chapter will briefly discuss
obstructive, restrictive and infectious diseases, their clinical presen
tation and therapeutic interventions.

CHRONIC OBSTRUCTIVE PULMONARY DISEASE

Emphysema and chronic bronchitis
Emphysema is defined as irreversible anatomical enlargement of the
airspaces that are distal to the terminal bronchioles (Fig. 47.1). There
is destruction of the acini, which are the functional units of the lung
where gas exchange occurs in individuals without fibrosis. Emphysema
can be classified based on the location of the anatomical disruption.
Centrilobular emphysema is the type of emphysema most commonly
associated with smoking and involves the enlargement and destruc
tion of the first- and second-order respiratory bronchioles with the
alveoli remaining intact. It most commonly affects the upper lobes and
results in a mismatch between ventilation and perfusion. Panacinar
emphysema is found in the elderly and in patient's who have a
genetic form of emphysema called oj-antitrypsin deficiency. This form
of emphysema affects all of the respiratory bronchioles in a uniform
pattern. Paraseptal emphysema involves the peripheral secondary
lobules and is not typically associated with progressive end-stage
disease but with an increased risk and incidence of pneumothorax.
Finally, paracicatrical emphysema is characterized by irregular enlarge
ments of the acini with fibrosis, usually adjacent to a previous pul
monary lesion (Hogg 2(04).

Emphysema is the second most common of the obstructive dis
eases, with only asthma having a higher incidence. There is a definite
increase in the incidence of emphysema in the fifth decade and a
continued increase into the seventh decade. Because the lungs have
a vast amount of surface area to allow for sufficient gas exchange, many
individuals will be asymptomatic in the early stages of the disease
unless the activity level is at a high intensity; under such conditions,
emphysema may contribute to the fatigue and shortness of breath
caused by deconditioning and the aging process (Higenbottam
2(05). The level of disability or functional limitation is dependent on
the extent of lung destruction, not the type of emphysema.

Chronic bronchitis is a clinical diagnosis that presents as a per
sistent productive cough that produces sputum for more than 3 months
per year for at least two consecutive years in the absence of another
definable medical cause for the sputum production such as pneumo
nia. The disease is associated with hyperplastic glands and an increase
in goblet cells of the epithelial lining. There is a marked decrease in
the ratio of goblet cells to ciliated cells, leading to hypersecretion of
mucus, which overwhelms the mucociliary clearance (Fig. 47.2). The
end result is the overproduction and retention of sputum, which causes
airway obstruction, inflammation of the respiratory bronchioles,
narrowing or occlusion of the small airways from mucus plugs and
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Figure 47.1 Comparison of normal lung tissue (A) with the
pathological changes observed in lung tissue damaged by
emphysema (B).
(From Heard B 1969Pathology of Chronic Bronchitis andEmphysema.
Churchill Livingstone, London.)

hypertrophy of the smooth muscle, resulting in an increased risk of
pulmonary infections.

Contributing factors

Several contributing factors have been linked to emphysema and
chronic bronchitis, the most common of which is cigarette smoking.
Smoking increases the aggregation of neutrophils and alveolar
macrophages, which begin the immune response to rid the body of
foreign materials. One theory suggests that emphysema is the result of
an imbalance between the protective antiprotease enzymes that pro
tect the delicate structures of the lungs and the protease enzymes that
lyse or break down tissue. This imbalance leads to the loss of the
clastic recoil of the lung architecture. The small airways depend upon
the adjacent elastic tissue of the parenchyma to recoil and assist with
expiration and to provide airway stability to allow for effective inspi
ration. Another theory currently under examination is the role that

smoking plays in the observed elevated rate of apoptosis or cell death
of the alveolar cells, followed by the failure to repair the structures to
a functional state. There is also an increase in platelet and neutrophil
aggregation, which destroys the small capillary bed. This leads to a
decrease in the gas exchange function of the lungs and pulmonary
hypertension (White et aI2003, Higenbottam 2(05).

Exposure to air pollutants and occupational factors is also associ
ated with an increased incidence of emphysema and chronic bronchi
tis. There is an increased incidence in the development and progression
of capo as the number of respiratory infections increase. The
increased frequency and dose exposure to systemic steroids, for
example prednisone, has also been linked to the progression of COPD.
Finally, genetic factors that have been linked with a predisposition to
emphysema and chronic bronchitis.

Clinical manifestation

Emphysema and chronic bronchitis can exist without evidence of clin
ically significant obstruction or functional limitations. However, by the
time that the patient presents to the healthcare provider with symp
toms, extensive irreversible lung damage is present. capo results in a
limitation of airflow. The lumen size of the bronchioles is decreased
because of smooth muscle proliferation and contraction and because of
bronchial edema resulting from inflammation. With the loss of the lung
parenchyma, there is a reduction in the elastic recoil of the airways,
leading to dilatation of the distal airways and early airway closure. The
end result of these changes in structure within the lungs is an increase
in the ease with which air can enter the lungs during inspiration, which
is referred to as an increase in compliance. Unfortunately, the changes
also result in the closure or collapse of the fragile airways upon exhala
tion, leading to air becoming trapped in the distal respiratory bronchi
oles and acini. This presents clinically as hyperinflation of the lung. The
hyperinflation causes shortening of the inspiratory muscles and a flat
tening of the diaphragm. This leads to compensatory changes in the
chest wall called barrel chest deformity, which is an increase in the
anterior-posterior dimension and rib angle. These musculoskeletal
changes lead to a decline in the mechanical effectiveness of the
diaphragm and other respiratory muscles to support the increased
demands of ventilation.

The clinical presentation of patients with COPD includes dyspnea,
an increase in the work of breathing and a cough. Upon auscultation,
there are diminished normal breath sounds and wheezing, particularly
associated with exertion. There is an elongated expiratory phase
because the patient tries to slow down the change in airway pressure
during expiration to minimize the degree of air trapping or obstruction.
Accessory respiratory muscles are commonly hypertrophied and there
is a decrease in the excursion of the diaphragm. On percussing over the
intercostal spaces, there is hyper-resonance. With exertion, there is a
marked increase in muscle recruitment, both for inspiration and expi
ration. Shortness of breath is the leading cause of exercise intolerance.

Patients who have a mismatch between ventilation and perfusion
have the clinical presentation of desaturation because of the disruption
of gas exchange. There may be areas of the lung where there is good
blood flow through the pulmonary capillaries but poor ventilation.
There may also be areas with an increase in the dead space in patients
with COPD, which means that there is sufficient ventilation occur
ring in areas of the lungs where the capillary bed has been destroyed
or pruned. This mismatch between ventilation and perfusion leads
to hypoxia and the retention of carbon dioxide.

Examination of pulmonary function tests in patients with COPD
reveals a classic pattern. Patients have a marked reduction in the
ability to expel air rapidly, measured by the forced expiratory volume
in 1s (FEVl ) and forced vital capacity (FVC). The decline in FEV] is
associated with the degree of dyspnea or shortness of breath. Exercise
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Figure 47.2 Comparison of a normal airway (A) with a chronic bronchitic airway (8). alv,
alveoli; br, bronchi; c,cartilage; gc, goblet cell; m,mucus; mg, mucus gland; sm, smooth muscle.
(From Des Jardins T 1984Clinical Manifestations of Respiratory Disease. Year Book Medical Publishers,
Chicago. IL, with permission. Redrawn by Kenneth Axen.)

limitations because of dyspnea are associated with a FEV] of less
than 50% of the predicted value for age, height and weight. When
the patient is dyspneic at rest, the FEV] will be as low as 25% of the
predicted value. There is also a marked increase in the total lung
capacity and the residual volume, which clearly represents the
increased compliance of the lung and the degree of air trapping or
obstruction (see Fig. 47.3).

Although the majority of patients with COPD have mixed features
of both emphysema and chronic bronchitis, there are certain clinical
signs and symptoms that are associated more with emphysema than
with chronic bronchitis. With emphysema, there is a long history of
dyspnea on exertion and little sputum production. These patients
favor a posture of forward trunk flexion; this is to fixate their upper
extremities so that accessory muscle recruitment is increased and the
influence of gravity is decreased. The patient with emphysema is
more likely to practice pursed lip breathing or grunt during expira
tion to keep the airways open. The patient will present with an ele
vated minute ventilation (respiratory rate X tidal volume), which
aids in maintaining a sufficient arterial oxygen concentration at least
through the early to mid-stages of the disease. In addition, a patient
who suffers predominantly from emphysema will have an under
weight to cachectic appearance (Hogg 2004).

In contrast, a patient who suffers predominantly from chronic bron
chitis usually presents with a long history of a chronic and productive
cough. Initially, the productive cough may only occur during the win
ter months; however, as the disease progresses in duration, frequency
and severity, there is excessive sputum production and mucopuru
lent infections. Bythe time the patient experiences exertional dyspnea,
there is a severe degree of airway obstruction. These patients have a
tendency to be overweight and cyanotic, with a lower minute venti
lation than patients with emphysema (Hogg 2004).

As these diseases progress to end-stage, there will be further declines
in lung function. The destruction of the respiratory bronchioles and
acini lead to additional difficultieswith proper ventilation, an increased
airway resistance and a significant increase in the work of breathing.
The disruption of the capillary bed within the lung causes a rise in
pulmonary pressure and places a strain on the right ventricle. Over
time, the patient will develop cor pulmonale, or right heart failure,
which is associated with peripheral pitting edema, ascites and enlarge
ment of the liver, jugular vein distension and anorexia.

Normal Obstructive Restrictive

Figure 47.3 The effects of obstructive (COPO, emphysema) and
restrictive (pulmonary fibrosis) pulmonary diseases on lungvolumes.
ERV, expiratory reserve volume; IRV, inspiratory reserve volume; RV,
residual volume; TV, tidal volume.

Therapeutic intervention
Smoking cessation is instrumental in the care of patients with COPD.
Cessation leads to a decrease in the rate of loss of FEVl ' Importantly,
cessation also means the avoidance of people or places where there
is the risk of exposure to second-hand smoke. Behavioral modification
training should also focus on weight management, developing coping
strategies to minimize anxiety attacks, controlling responses to stress
and learning breathing strategies to control dyspnea.

Beyond behavioral modifications, there are many pharmacological
options to assist in the management of the disease and the associated
symptoms. Short- and long-acting ~2-agonists or bronchodilators such
as albuterol can be used to minimize bronchospasm and decrease
wheezing and airway resistance. Anticholinergic drugs, such as atro
vent, can block bronchoconstriction; xanthine-derived medications,
such as theophylline, also produce bronchodilation and accelerate the
mucociliary transport system and limit the inflammatory response.
Corticosteroids, such as prednisone or flovent, are used for their anti
inflammatory benefits. It is critical for patients with lung disease to
receive a flu shot annually to decrease the risk of infection. When a
patient has a history of recurrent infections, antibiotics playa critical
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role not only in the treatment of a recurrent infection but also as part
of prophylactic care. These patients may also benefit from chest phys
ical therapy including postural drainage, percussion and assistive
breathing techniques, or the use of an oscillating device to mobilize
secretions. Finally,supplemental oxygen is used to correct hypoxemia
and minimize secondary pulmonary hypertension. Oxygen therapy
has been shown to reduce the level of dyspnea, decrease pulmonary
hypertension, reduce the incidenceof cardiac arrhythmias and improve
quality and quantity of life. In the patient who presents with hyper
capnia and respiratory insufficiency, bilevel positive airway pressure
(BiPAI') ventilation has become recognized as an effective device in
the management of patients with progressive disease. The ventilator
provides positive airway pressure to decrease the work of inspiration
and minimize the air trapping, which can reduce the retention of car
bon dioxide.

Pulmonary rehabilitation has become a widely accepted interven
tion in the care of patients with COPD, with the ultimate goal of
improving quality of life. The therapy program should consist of a
comprehensive educational program to address such issues as nutri
tion, weight management, pathology and medical management,
including the proper use of medications, work simplification and
coping strategies. The program should stress and progress aerobic
tolerance and include weight training to improve the muscular
strength and endurance of the upper body; this will increase the
effectiveness of the accessory respiratory muscles and antigravity
muscles in maximizing breathing and promoting functional mobil
ity. The exercises should be functional and weight-bearing in nature
to aid in the management of osteopenia and osteoporosis, which are
very common in this patient population. Oxygen saturation should
be monitored closely and supplemental oxygen adjusted to provide
sufficient perfusion to support aerobic training. With training, the
majority of patients with eOI'D will improve their exercise capacity,
and there is a decrease in the perception of dyspnea, an increase in
self-control and a marked improvement in quality of life (Salman
et al 2003,Anonymous 2004).

There are surgical options for the treatment of emphysema and
chronic bronchitis. In the presence of a large bulla, which is a large
airspace that is no longer contributing to gas exchange and is compress
ing adjacent tissue, surgical resection of this tissue (bullectomy) can
be performed. Volume reduction surgery is an option for patients with
emphysema, in which about 20%of dysfunctional lung tissue is sur
gically removed to decrease hyperinflation and improve ventilation
and perfusion. Finally,lung transplantation has become a viable option
for patients with end-stage eOI'D who have maximized medical
therapy (Nathan et al 2004).

The prognosis for patients with eOI'D varies depending upon the
degree of obstruction, the presence of hypercapnia, the level of hypox
emia, functional mobility, body mass index and the recurrence of
infections. It is generally accepted that a FEV] of less than 25% is
associated with a 50% mortality rate within 2 years. In chronic bron
chitis, the prognosis is dependent upon age, smoking and the degree
of airway obstruction. The 10-year mortality rate is 60% in smokers
but only 15% in nonsmokers. Mortality rates based on FEV] for
patients with chronic bronchitis are similar to patients with emphy
sema (White et aI2003, Pinto-Plata et al 2004).

PULMONARY FIBROSIS

Pulmonary fibrosis is the name for the hundreds of pulmonary
pathologies that result in a restriction of the lungs. The ability of the
patient to increase the volume of air in the lungs, or lung compliance,
diminishes as the disease progresses; the compliance of the chest wall

also decreases because of the decrease in range of motion. Pulmonary
fibrosis can be caused by autoimmune diseases, such as rheumatoid
arthritis, lupus and scleroderma, or can result from occupational expo
sure, such as farmer's lung, silicosis and black lung. Pulmonary
trauma, fat embolism and infection are associated with the develop
ment of acute respiratory distress syndrome. Other diseases, for exam
ple interstitial pulmonary fibrosis, are idiopathic in nature.

Occupational disease
--- ---------------

There is a subset of pulmonary interstitial disorders that result from
the inhalation of inorganic dusts (pneumoconioses), organic parti
cles (hypersensitivity pneumoconioses) and industrial gases, fumes
and smoke. These occupational lung diseases are associated with a
chronic inflammatory process (Kushner & Stark 2003, Ross 2003).

Pneumoconioses involves the permanent deposition of inorganic
material (coal, asbestos, silica, beryllium, etc.) within the pulmonary
system. The risk of developing pulmonary fibrosis is related to the
duration and intensity of exposure and the size and water solubility
of the particles. There is a long latency between exposure and disease,
sometimes as long as 2G--40 years, which may place the onset of disease
in the fifth to seventh decades of life.

If the inorganic materials are able to get beyond the ciliary structures
of the nasal passage and mucociliary blanket, they may cause an
inflammatory process within the air spaces and interstitium, resulting
in lung injury. Hyperplasia and proliferation of pulmonary epithelial
cells characterize the immune response, which is accompanied by
fibroblastic proliferation and collagen and protein deposition.

Hypersensitivity pneumonitis, or external allergic alveolitis, is an
immunologically mediated disease that is typically associated with
sensitivity from repeated exposure to an antigen. Further exposure
results in an inflammatory response that involves the distal airways
and alveoli. There are numerous agents that can be the impetus for
developing hypersensitivity pneumonitis; these include moldy hay
or grains, fungi from water reservoirs, bird serum, feathers and excreta,
mining dust and pharmacological products such as gold, amiodarone
and minocycline. The inflammatory response persists beyond the
exposure time and leads to permanent lung damage. There is infil
tration of macrophages and lymphocytes and epithelioid granuloma
formation, which eventually leads to obliteration of the bronchioles
because of scarring. If the disease progresses into the chronic phase,
the granulomas disappear and are replaced by fibrotic tissue forma
tion and destruction of the architecture of the lung.

Acute respiratory distress syndrome
Acute respiratory distress syndrome (ARDS) is an acute lung injury
that results in pulmonary infiltrates, severe refractory oxygenation
and an increase in lung stiffness (i.e. a decrease in compliance). It has
been suggested that ARDS is the severest form of pulmonary edema,
in which diffuse alveolar involvement proceeds to promote further
injury. In total, 22% of trauma cases that are complicated with ARDS
will involve a lung contusion. In addition, 50% of aspiration cases
will progress to ARDS,with 85% of the cases showing signs of ARDS
within 72h.

This heterogeneous disorder changes over time. The initial phase
(exudate phase) is characterized by pulmonary edema, hemorrhage
and hyaline membrane formation. Clinically, there is a rapid onset of
respiratory failure that is refractory to supplemental oxygen. The sec
ond phase involves cellular proliferation, with an elevation in the
number of neutrophils and other inflammatory cells. This phase is
characterized by diffuse alveolar disease (DAD); this is associated with
cellular necrosis, epithelial hyperplasia and further inflammation,



which leads to destruction of the delicate structures of the lung. The
third phase is fibroproliferation, which is the result of chronic inflam
mation whereby injured lung tissue is replaced with fibrotic tissue.
Beyond the destruction of terminal bronchioles and alveoli, there is
also obliteration of the pulmonary capillaries, leading to pulmonary
hypertension and, eventually, right heart failure (Blaivas 2004,
l'iantadosi & Schwartz 2004).

Idiopathic pulmonary fibrosis
The onset of idiopathic pulmonary fibrosis (IPF) occurs in mid to late
life with usual interstitial pneumonia (VIP) characterized by patchy,
non-uniform and variable destruction of interstitial tissue. There is a
minimal inflammatory component to this disease, involving colla
gen deposition that thickens the alveolar septum. Desquamative
interstitial pneumonia (DIP) is another form of IPF that presents with
little fibrosis but a significant inflammatory response, with an accu
mulation of alveolar macrophages within the alveolar spaces and
interstitium. The initial injury appears to damage the alveolar and
epithelial cells, causing inflammatory cells to release cytokines, tumor
necrosis factor and platelet-derived growth factor. These inflamma
tory chemicals result in smooth muscle proliferation, degradation of
the alveoli and the proliferation of fibroblasts and an increase in col
lagen deposition (Swigris et al 2005).

Clinical manifestation

Despite the range of etiologies that result in pulmonary fibrosis,
patients present with a similar clinical picture of a slowly progres
sive decline, exertional dyspnea, a nonproductive cough that wors
ens with exertion and severe cyanosis. Along with severe dyspnea,
patients generally experience severe desaturation with exertion.
There is a decrease in normal breath sounds and the development of
rail'S and clubbing of the nail beds. The breathing pattern is typically
shallow with an elevated rate and there is a reduction of rib cage
mobility, leading to a marked increase in the work of breathing.
Anorexia, malaise and muscle weakness are also common clinical
signs. Finally, pulmonary fibrosis is commonly associated with pul
monary hypertension and right heart failure.

Conventional chest radiography reveals diffuse infiltrates, and
honeycombing develops in the later stages of pulmonary fibrosis. When
pulmonary function tests are examined, there is a decrease in lung
volume, especially vital capacity (VC) and total lung capacity (TLC), a
decrease in the gas exchange ability of the respiratory system [diffusion
capacity; measured using the diffusing capacity of the lung for carbon
monoxide (DLCO) test] and a decreased pulmonary compliance with
a normal FEV1-FVC ratio (see Fig. 47.3). A ventilation-perfusion
mismatch occurs as ventilation declines and this is associated with
severe hypoxia (Lindell & Jacobs 2003).

Inerooeutic intervention

The best defense against pneumoconioses is prevention; this is achieved
with the use of proper respiratory filter devices and proper ventila
tion in the work area. Management includes the use of corticosteroids
to minimize the inflammatory response and monitoring the progres
sion of the disease with radiological studies, pulmonary function tests
and exercise testing. Other medications that inhibit the immune
response are also utilized in the treatment of IPF.Cyclophosphamide
impairs the function of neutrophils, eventually decreasing fibroblast
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and collagen proliferation. Azathioprine and cyclosporin (ciclosporin)
suppress the production and maturation of T and B cells involved in
the immune response. With the progression of the disease, medical care
may include the use of supplemental oxygen and prostacyclin drugs
for the treatment of right heart failure resulting from pulmonary
hypertension. Mechanical ventilatory support may be helpful to
decrease the work of breathing, improve oxygen delivery and allow
for rest periods. In the presence of isolated pulmonary fibrosis, lung
transplantation should be considered on a case-by-ease base.

Pulmonary rehabilitation can also be beneficial for patients with
pulmonary fibrosis. Once again, the ultimate goal is to improve the
quality of life. An educational and exercise program, similar to that
described in the COPD section, should be provided for this patient
population but the clinician should expect the progress to be much
slower than with COPD patients. It is important that the exercise
program includes stretching exercises to maintain chest wall mobil
ity and, in the presence of pulmonary hypertension, interval exercises.
Prescribed rest times are essential to decrease the strain on the right
ventricle. These patients typically require high levels of supplemen
tal oxygen to prevent severe hypoxia. The disease progression is gen
erally aggressive, so work simplification training is also valuable.

The prognosis is generally poor for patients with pulmonary fibro
sis because of refractory hypoxemia, right heart failure and the
increased risk of bronchogenic carcinoma in patients who smoke and
those with occupational exposure pulmonary fibrosis. In ARDS, the
mortality rate is as high as 60%, with a higher death rate in older
patients because of respiratory failure. In general, the mean survival
time in cases of pulmonary fibrosis is 3-6 years but this will vary based
on the aggressiveness and type of disease, duration of symptoms
and responsiveness to therapy (Lindell & Jacobs 2003, Khalil &
O'Connor 2004).

PULMONARY HYPERTENSION

Secondary pulmonary hypertension can be the sequela of a congeni
tal heart defect, collagen vascular disease, lung disease with hypoxia,
thromboembolic disease and left heart failure resulting from car
diomyopathy and valvular disease. As pulmonary disease progresses
to the point where the pulmonary capillary bed becomes affected,
pulmonary pressure begins to rise. Pulmonary hypertension can be
defined as a mean pulmonary arterial pressure that is greater than
25rnmHg at rest and greater than 30mmHg during exercise.

A significant amount of the lung parenchyma must be involved to
cause pulmonary hypertension because the reserve capacity of the
lungs is so vast. As the intrinsic obstructive lung disease progresses, the
disruption of capillary beds and destruction of the gas exchange area
of the parenchymal tissue leads to hypoxia and vasoconstriction,
producing pulmonary hypertension. Precapillary arteries and arteri
oles also become less distensible and constricted. With pulmonary
fibrosis, for example in collagen vascular disease, the scarring of the
airways and capillaries causes a decrease in compliance and arterial
hypertension. The consequences of abnormal and chronic vasocon
striction include intimal proliferation, smooth muscle hypertrophy
and changes in the endothelium that lead to a decrease in the diam
eter of the arterial lumen and vascular remodeling.

If the pulmonary pressure is not relieved, the pulmonary vascular
system becomes less distensible and blood is shunted to the larger
vessels, which causes a ventilation- perfusion mismatch. To com
pensate for the elevated pulmonary vascular resistance and to main
tain cardiac output, the right ventricle hypertrophies. Over time, the
myocardium dilates and is unable to maintain efficient blood flow
through the lungs for gas exchange, leading to heart failure.
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Clinical manifestation
The progression of dyspnea and the early onset of fatigue are typi
cally the first symptoms of pulmonary hypertension, although many
patients associate this with aging and deconditioning. Patients may
begin to complain of presyncopal symptoms or may experience syn
cope. Chest pain, muscle fatigue, hypoxemia and hemoptysis are other
common symptoms related to pulmonary hypertension. As the
patient develops cor pulmonale, the signs and symptoms of right
heart failure become present, which include jugular vein distension,
peripheral edema and hepatic congestion.

Upon examination, the right ventricle may be palpable in the
lower left sternal or subxiphoid area and abnormal heart sounds are
present, including 54 gallop and a split 52 sound. As the disease pro
gresses, 53 gallop can be heard, indicating advanced right heart fail
ure. Abnormal valvular heart sounds may also be audible including
a systolic ejection click and tricuspid murmur. The electrocardiogram
(ECG) is consistent with right ventricular hypertrophy and changes
in the T wave. As the disease progresses, there will be clear signs of
right heart failure in most cases including jugular vein distension,
hepatic congestion, peripheral edema, ascites and systemic hypoten
sion (Higenbottam 2005).

Therapeutic intervention
The treatment of pulmonary hypertension involves treating the pri
mary cause of the hypertension. Drugs to decrease the strain on the
right side of the heart, such as digitalis and diuretics, and sup
plemental oxygen therapy to treat the hypoxemia may be effective.
Continuous intravenous prostacyclins, for example Flolan, may
decrease pulmonary hypertension by vasodilation when infused into
the pulmonary arterial system. The most common positive effects of
the intravenous use of prostacyclins are an improvement in exercise
tolerance and a decrease in symptoms experienced at rest and with
exertion. Anticoagulation medications may be used to decrease the
risk of thromboembolic events because of polycythemia, which may
develop as a compensatory mechanism to offset hypoxemia.

Rehabilitation for patients with pulmonary hypertension typically
focuses on functional mobility. It is also important to review job sim
plification and energy conservation in these patients. Patients typi
cally tolerate an interval aerobic program, particularly a walking
program. Exercises that isolate muscle groups, such as cycling, are
usually less well tolerated because of local muscle fatigue. It is impor
tant that the therapist prescribe an exercise intensity that is sufficient
for the patient to experience the benefits of exercise without causing
abnormal responses to exertion. These patients should be monitored
closely for signs of chest discomfort, lightheadedness or excessive
fatigue. The therapist should also educate the patient about the
adverse signs and symptoms that indicate distress and progression
of the disease. It is also vital that the therapist works directly with
the physician to establish safe parameters for functional mobility
activities (see Box 41.4 and Tables 41.4 and 41.6 for guidelines).

PULMONARY EMBOLISM

Pulmonary embolism is closely linked to the presence of blood clots
or thrombi in the peripheral venous system, known as deep vein
thrombosis (DVT). Typically, the source of the embolism originates
from a DVTin the upper legs or pelvis. 5mall emboli may present lit
tle compromise to a healthy individual but may cause severe respi
ratory failure in an elderly individual with a reduced reserve of the
cardiopulmonary systems. In the elderly, there are several risk factors

that should be part of the clinician's screening process including pre
vious DVT or pulmonary embolism, surgery, malignancy, hormonal
therapy, obesity, venous stasis, immobility, cerebrovascular accident
(CVA)and heart failure (Charlebois 2005).

Clinical manifestation
The most pronounced clinical presentation in cases of pulmonary
embolism includes unexplained dyspnea of rapid onset and pleuritic
chest pain. The presence of hemoptysis indicates pulmonary hemor
rhage or infarction.

During the process of evaluation, it is important to develop a dif
ferential diagnostic list and proceed with testing to enable a clinical
diagnosis to be formulated. The differential diagnosis may include
the following conditions: acute myocardial infarction (MI), asthma,
pneumothorax, congestive heart failure (CHF), acute pulmonary
edema, pleurisy, pericarditis, musculoskeletal trauma to the chest wall,
sepsis, tamponade and aortic dissection.

Upon physical examination, there may be a low-grade fever,
cyanosis, tachycardia, jugular vein distension, tachypnea and hypoten
sion. Upon auscultation, there may be a pleural rub and split of the
52 heart sound may be heard over the pulmonic valve. The degree of
respiratory compromise is dependent on the size of the pulmonary
embolism and the preexisting cardiopulmonary reserves. An echocar
diogram may be suggestive of right heart strain or ischemia and the
ECG may demonstrate T-wave inversion.

Clinical intervention
The key to appropriate medical care is the identification of patients
that are at high risk and the implementation of effective prophylactic
treatment. Treatment includes early mobilization and the use of
graduated compression devices and TED stockings. The use of inter
mittent pneumatic compression stockings provides peripheral
pumping to encourage venous return and reduce venous stasis.
Many patients will be prescribed anticoagulants for the prevention
and treatment of DVT formation. In patients who cannot take anti
coagulants, an inferior vena cava filter may be placed to decrease the
risk of a pulmonary embolism occurring from a lower extremity or
pelvic thrombus. Finally, thrombolytic therapy has also been used
successfully to break down the DVT or pulmonary embolism, but is
associated with a risk of hemorrhage.

The prognosis for a patient suffering from a pulmonary embolism
is dependent upon the size of the pulmonary embolism, the under
lying compromise of the cardiopulmonary system and the prompt
ness of medical care.

PULMONARY INFECTIONS

Pneumonia
The pulmonary system has two primary mechanisms to manage the'
presence of foreign matter that may precipitate a pulmonary infection.
The upper airway warms and humidifies the air and the mucociliary
cells aid in the entrapment of particles in this conductive system of the
lungs. If particles enter the lung, there is an immune response that
attacks the foreign material and removes it. When one or both of
these mechanisms is impaired, there is an increased risk of develop
ing a pneumonia, which is defined as an acute inflammation of the
lungs, causing the small bronchioles and alveoli to become plugged
with fibrous exudate.

Pneumonias can be classified based on several parameters: (i) by
the etiology underlying the infection, including bacterial, viral and
fungal sources; (ii) as typical or atypical, based on the incidence' of



the infection in a given population or location; and (iii) by the site in
which the infection occurs, with acquired pneumonias referring to
infections obtained in the community and nosocomial pneumonias
defined as infections that occur during the hospitalization of the
patient. With the increase in admissions to such facilities as long-term
care or nursing homes, acquired infections may be subdivided
into community-acquired and institutionally acquired pneumonia.
However the infection is classified, there are common risk factors
that contribute to the susceptibility of developing pulmonary infec
tions (see Box 47.1)

Box 47.1 Risk factors associated with pulmonary
infections

• Age
• Health of the immune system
• State of the pulmonary system
• Ability to protect airway
• Mechanical ventilation
• Medications
• General health status
• Atelectasis
• Aerosolized breathing
• Functional mobilitystatus
• Level of alertness
• Hospitalization (intensive care unit)
• Gastroesophageal refluxdisease
• Smoking
• Strength and motorcontrol

When a pathogen enters the respiratory system and is able to
multiply and overwhelm the preventive function of the immune sys
tem, an infection begins and the inflammatory process is activated
along with a further response from the immune system. This vicious
cycle continues, leading to the progression of edema and the aggre
gation of red and white blood cells, which begins to interfere with
the ability of the lungs to ventilate and participate in diffusion.

Clinical manifestation

The typical clinical presentation for pneumonia includes fever and a
productive cough with sputum that is usually yellowish-green or a
rust color. In most cases, there is also an elevation in the white blood
cell count and a positive sputum culture identifying the infectious
agent. The patient may report an increased level of fatigue and
weight loss. If a substantial amount of lung tissue is involved, the
patient may also present with dyspnea, tachycardia and tachypnea,
and hypoxemia with desaturation upon exertion. The elderly patient
may present with atypical signs and symptoms. Consequently, the
clinician needs to monitor the patient's vital signs as well as be
aware of any unexplained changes in mental status, an increased
incidence of falls, decreased appetite, incontinence and decreased
functional mobility and activity tolerance.

The diagnosis of pneumonia is based on a series of clinical find
ings, including a positive chest radiograph showing infiltration or
consolidation of the infected segment along with clinical symptoms.
The clinician should also be aware of the patient's oral motor control.
In patients with poor motor control, hypotonic state of the muscula
ture of the face and neck, poor phonation and difficulty with motor
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planning and execution, the clinician should have a heightened con
cern for aspiration pneumonia.

Clinical intervention

The primary focus of care should be prevention, which includes
proper cleaning of rooms and equipment and compliance with good
hand washing. Emphasis should be placed on mobilizing patients to
decrease the incidence of atelectasis and muscle atrophy. In patients
that cannot participate in some form of exercise or mobilization,
methods to increase the minute ventilation, a program of assisted
repositioning and assisted breathing and coughing techniques should
be employed. Proper seating should be achieved to minimize aspira
tion. Good dental hygiene is important and all high-risk patients
should receive an annual flu vaccine.

Once the diagnosis of pneumonia has been made, treatment should
include the administration of the correct medications based on the
suspected pathogen. Typically, the patient is placed on a wide
spectrum antibiotic. If the signs and symptoms do not resolve or
become recurrent, a sputum culture should be tested. Chest physical
therapy or other techniques to promote the mobilization of sputum,
increase lung volumes and assist in effective cough should be imple
mented. Mobilizing the patient is also vital to increase ventilation and
diffusion of the lungs and to promote increases in minute ventilation.

Prognosis is dependent upon may factors including age and the
presence of other comorbidities such as smoking, COPO, diabetes
mellitus, heart failure and decreased mental status. The need for
mechanical ventilation only increases mortality rates. The pathogen's
sensitivity to medication will affect the outcome, including the
patient's level of function.

Mycobacterium tuberculosis
With the increase in the number of patients who are living with an
impaired immune system because of human immunodeficiency virus
(HIV) infection and acquired immunodeficiency syndrome (AIDS),
transplantation, a general increase in life expectancy, substance abuse
and homelessness with malnutrition, mycobacterium tuberculosis is
on the rise.

As a primary infection, mycobacterium tuberculosis is an airborne
acquired infection of the lungs. It is spread when a person has suffi
cient exposure to an infected individual and is commonly transmitted
through coughing or sneezing. The risk of infection is dependent on
exposure, concentration of the mycobacterium and the health of the
immune system. The incubation period is 2-12 weeks. The disease
can be reactivated or a secondary infection can occur when the patient's
immune system is further compromised because of illness or aging.
The site of infection can be the lungs or elsewhere in the body
(Zevallos & Justman 2003).

Clinical manifestation

During the primary infection, most patients are asymptomatic. If
there are signs and symptoms, they are similar to the clinical presen
tation of pneumonia, with a nonproductive cough and fever. Lymph
nodes are enlarged and the patient may experience chest wall or pleu
ritic pain if the pleural lining is involved. Rales may be heard in the
area of infection over the infected segments of the lungs, along with
bronchial breath sounds if there is consolidation. Radiographs are
abnormal, showing atelectasis and usually cavitations in the upper
lobes. There is scarring of the lungs, with a loss of tissue function.

Secondary infections are associated with a cough that becomes
increasingly productive as the disease progresses, night sweats, weight
loss, low-grade fever and sometimes pleuritic pain. There are subtle
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inspiratory rales, a decrease in tactile fremitus and breath sounds over
areas of pleural thickening and cavitation. The signs and symptoms
of extrapulmonary disease are dependent upon the particular tissue
that is infected.

Clinical intervention

The best intervention is again preventative, including the use of univer
sal precautions, general healthcare for high-risk groups and screening.
Ifa skin test is positive, individuals should undergo a year of treatment
to minimize the risk of a secondary infection. During the primary infec
tion, respiratory isolation is important to minimize the spread of the
disease and clinicians should comply with the use of personal protec
tive equipment. Patients are usually given rifampin and isoniazid for 1
year to suppress the infection. Further medical or surgical intervention
will depend on the site and severity of the extrapulmonary infections.

PULMONARY ONCOLOGY

Lung cancer is a leading cause of cancer-related deaths in the US
despite the advances in diagnostic and medical therapies. As part of
the medical workup, it is important to obtain an accurate history of
tobacco use and occupational exposures that increase the risk of devel
oping lung cancer.

Lung carcinomas are divided into small cell and non-small cell can
cers. Small cell carcinomas are linked to smoking and there is a high
incidence of metastasis at the time of diagnosis, either to bone or the
brain. The non-small cell carcinomas include squamous cell cancer,
adenocarcinoma and large cell cancer. Non-small cell cancer consti
tutes more than three-quarters of lung cancer diagnoses. The lung can
be the primary site of the cancer or secondary to metastatic cancer from
another site, such as breast or colorectal cancer (Institute NC 2(03).

Clinical manifestation
In many instances, the diagnosis of lung cancer is made during rou
tine testing for another elective procedure. In other cases, the patient
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Diabetes mellitus is a prevalent disease, especially among the eld
erly. In the last 10 years alone, the prevalence of diagnosed diabetes
cases has increased by 50%,mostly because of the increase in obesity.
Age-related changes involving decreased insulin sensitivity in the
peripheral tissues and reduced insulin control of hepatic glucose
output, coupled with physical inactivity and increased obesity, con
tribute to higher incidences of abnormal glucose tolerance in the
older population.

It is estimated that the prevalence of diabetes for all age groups
worldwide was 2.8%in 2000and will be 4.4%in 2030. The total num
ber of people with diabetes in 2000was 171million and it has been esti
mated that this number will rise to 366 million in 2030. The increasing
proportion of individuals who are older than 65 years of age is an
important demographic influence (Wild et al 2004).

Diabetes is more prevalent in certain populations, for example
American Indians/native Alaskans, Hispanic/Latino Americans
and African-Americans. Approximately 18.2 million people in the
US, or 6.3% of the total US population, have diabetes mellitus. Of
those aged 60 or above, 8.6 million, or 18.3%,have diabetes. It is esti
mated that one-third of these individuals are unaware of their dis
ease state. Further, it is estimated that 41 million adults aged
between 40 and 74 have impaired glucose tolerance (lGT), a condi
tion that often precedes diabetes mellitus. Diabetes mellitus is a seri
ous disease that causes a wide range of complications. In 2002, the
total cost of diabetes in the US was US$132billion, US$40billion of
which resulted from indirect costs because of disability, work loss or
premature mortality (National Diabetes Fact Sheet 2003).
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• Conclusion

INTRODUCTION

J

CLASSIFICATION AND DIAGNOSIS OF
DIABETES MELLITUS

In 2003,the American Diabetes Association (ADA) modified the diag
nostic criteria for the classification of impaired fasting glucose (IFG)
and diabetes. There are four clinical classes of diabetes including type
1, type 2, other specific types of diabetes (genetic defects in rJ-eell func
tion or insulin action, disease of exocrine pancreas, drug- or chemi
cally-induced diabetes) and gestational diabetes mellitus (GDM). An
elevated fasting glucose is one of several risk factors that are known to
increase an individual's risk of developing heart disease, stroke and
diabetes. These risk factors, grouped together, are called the 'meta
bolic syndrome' or 'syndrome X' and will be discussed later in this
chapter (see under Medical treatment). For the purposes of this chap
ter, discussion will focus on type 1 and type 2 diabetes (see Table48.1).

There are three ways to diagnose diabetes, each of which must be
confirmed on a subsequent day unless there are definitive symptoms
of hyperglycemia, such as excess thirst and urination (polydipsia
and polyuria), and unexplained weight loss accompanied by increased
or normal food intake. The criteria for the diagnosis of diabetes
include the following: (i) symptoms of diabetes and a random
plasma glucose ~200mg/dL (ll.lmmoI/L); (ii) fasting plasma glu
cose (FPG) ~126mg/dL (7.0mmol/L) (fasting is defined as no

Table 48.1 Comparison of type 1 and type 2 diabetes

Type 1 diabetes Type 2 diabetes

No. of diabetics (010) 2-5 90-95

Onset of disease Abrupt Insidious

Age of onset <35 years >35 years

Symptoms at onset Often ketoacidosis Maybe asymptomatic

Requiring insulin Yes In 25010 of cases

Risk for ketoacidosis Yes Rare

Body type Thin or normal 800/0 are overweight

Suspected cause Autoimmune reaction Insulin resistance/
with islet cell poor insulin
destruction secretion

Genetic predisposition Yes Yes
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caloric intake for at least 8h); and (iii) 2-h plasma glucose :<=200mg/
dL (11.1 mmol/L) during an oral glucose tolerance test (OGTf) with
75g of glucose. FPG is the preferred test for diagnosing diabetes in
nonpregnant adults. Other common presenting symptoms of dia
betes include poor wound healing, fatigue, vaginal yeast infections
and blurred vision (AmericanDiabetes Association 2005).

Hyperglycemia that is not sufficient to meet the diagnostic criteria
for diabetes is categorized as either IFGor IGT. IFGis defined as a FPG
between loomg/dL (5.6mmol/L) and 125mg/dL (6.9mmoIlL). IGT
is defined as a 2-h plasma glucose between 140mg/dL (7.8mmol/L)
and 199mg/dL (11.0mmol/L). IFG and IGT are also called 'pre
diabetes' (American Diabetes Association 2005).

TYPES OF DIABETES MELLITUS

Type 1
Type 1 diabetes is caused by autoimmune destruction of the insulin
producing ii-cells of the pancreatic islets; as a result, these patients
have an absolute need for insulin therapy. The age of onset of type 1
diabetes is most commonly during childhood or young adulthood,
although it can begin at any age. In the absence of insulin replace
ment, patients with type 1 diabetes develop severe hyperglycemia
and metabolic acidosis, which results from the excess production of
ketones, a by-product of fat breakdown in the absence of insulin.
Diabetic ketoacidosis (DKA)is a medical emergency.

Type 2
Of all individuals with diabetes, 9(}.-95% have type 2 diabetes. This is
most commonly a disease of adults and its incidence increases with
each decade of aging. However, type 2 diabetes is increasingly being
diagnosed in children and adolescents. Type 2 diabetes is associated
with obesity, a family history of diabetes, a previous history of ges
tational diabetes, IGT, physical inactivity and the physical finding
of acanthosis nigricans. Other factors associated with type 2 dia
betes are race/ethnicity, with African-Americans, Hispanic/Latino
Americans, native Americans and some Asian-Americans and other
Pacific Islanders being at particularly high risk. Type 2 diabetes is
regarded as being a metabolic disorder that is linked to a modem
lifestyle involving stress, excess caloric intake (particularly fat) and
inadequate physical activity. From a metabolic perspective, these
patients generally have the twin defects of sluggish secretion of
insulin following meals (leading to poor overall insulin production
with long duration) and peripheral insulin resistance (reduced cellular
uptake and utilization of insulin).

THERAPEUTIC INTERVENTION

Newly diagnosed diabetes
Patientss newly diagnosed with diabetes mellitus have a special need
for comprehensive education. Diabetes self-management education
is an integral component of medical care. The onset of diabetes can
be precipitated by physical and emotional stress and other illnesses
and, usually, the diabetic state persists. In addition, certain medica
tions, most notably oral or parenteral steroid therapy, can trigger the
onset of diabetes mellitus or upset metabolic control in a previously
diagnosed patient.

Medical treatment
------------------------
Diet and exercise are the cornerstones of the treatment of type 2 dia
betes mellitus and many individuals with diabetes can control their
blood glucose by following a careful diet and exercise program, los
ing excess weight and taking oral hypoglycemic agents (medications
that lower plasma glucose levels). Generally, it is not necessary to
increase food intake before exercise of short duration or low inten
sity. Exercise of moderate intensity (e.g, 1h of tennis) may be pre
ceded by consuming 10-15g of carbohydrate, although this is often
unnecessary.

Among adults with diagnosed diabetes, about 12% take both
insulin and oral medications, 19% take insulin only, 53% take oral
medications only and 15% take neither insulin nor oral medications.

Glycemic control in patients with type 1 and 2 diabetes is most
often measured using levels of blood glycosylated hemoglobin, or
hemoglobin Ale (HbAlcl, in addition to self-monitoring of blood glu
cose. The HbAle level reflects the mean blood glucose concentration
over the previous 6-12 weeks. The ADA's current glycemic goal for
nonpregnant adults is a value of <7.0% (compared with a normal
nondiabetic range of 4-6%).

As many as one in six Americans over the age of 50 may have the
'metabolic syndrome', a pathophysiological condition that increases
the risk of heart disease, stroke and diabetes. The criteria for metabolic
syndrome are met by having any three of the following risk factors,
which have been recently defined by the American Heart Associa
tion: (i) an elevated waist circumference (abdominal obesity), (ii) an
elevated triglyceride level of '2:150mg/dL, (iii) a reduced high-density
lipoprotein (HDL; good cholesterol) level of <40mg/dL for men
and <50mg/dL for women, (iv) an elevated blood pressure of 130/
85mmHg or higher; and (v) an elevated fasting glucose of
:<=1 00mg/dL.

Although it is clear that each of the above risk factors does increase
an individual's cardiovascular risk, the ADA recently stated that the
metabolic syndrome has been vaguely defined and should not be des
ignated as a syndrome until more research is completed (American
Diabetes Association Statement 2005). The ADA recommends that
blood pressure in patients with diabetes should be <130/80mrnHg.
Lipid goals for patients with diabetes include a low-density lipopro
tein (LDL) level of <1OOmg/dL «2.6mrnol/L), tri-glyceride
level <150mg/dL «1.7mmol/L) and HDL level >40mg/dL
(> 1.1 mmol/L) (American Diabetes Association 2005).

Insulin therapy for type 1diabetes

Therapy for individuals with type 1 diabetes always includes insulin.
Insulin is given by subcutaneous injection or with an insulin pump,
which also delivers insulin subcutaneously. Combinations of rapid-,
short-, intermediate- or long-acting insulin are used, such as Humalog,
Regular, NPH and glargine respectively. In most centers, patients
with type 1 diabetes are treated with two or three doses per day of
rapid- or short-acting insulin combined with intermediate-acting
insulin. However, many patients require more frequent insulin injec
tions to obtain good glycemic control. Cross-sectional studies have
not documented improved control with an increasing number of
insulin injectionsper day,showing that the number of injections alone
is not sufficient to achieve optimal glycemic control. The method of
using long-acting insulin (glargine) combined with rapid-acting
insulin (Humalog), given before meals and snacks, provides greater
flexibilitybut requires a knowledge of carbohydrate counting and the
use of an insulin-carbohydrate ratio. Because blood glucose can fluc
tuate widely in patients with type 1 diabetes, it is recommended that
blood glucose be monitored several times a day, before meals and
bedtime, and insulin doses adjusted accordingly.
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the UKPDS, normoglycemia is now the goal for most patients with
type 2 diabetes. Although insulin may be considered for initial therapy
in type 2 diabetes, especially if the patient presents with a very ele
vated HbA\c level, it is most often used when hyperglycemia persists
despite the use of oral hypoglycemic agents. The dose of insulin
needed to control glucose levels in obese patients with type 2 diabetes
can be extremely large.

The main adverse effect of insulin or oral therapy is hypoglycemia
(low blood glucose). In a patient with diabetes, symptoms of hypo
glycemia generally have a rapid onset and occur when blood glucose
is less than 70-80mg/dL (Table 48.2). A severe reaction can occur
below 60mg/dL. A patient may complain of shakiness and sweating
or other symptoms caused by increased epinephrine (adrenaline)
release, such as tachycardia and anxiety, Deprivation of glucose in
the central nervous system causes blurred vision, weakness, confu
sion, slurred speech and, potentially, seizure and coma, with perma
nent neurological damage. Symptoms of hypoglycemia may be
blunted in a patient with long-standing diabetes, especially the early
warning signs of nervousness, tremor and sweating. The initial
symptom in patients with long-standing diabetes mellitus may be
confusion.

In a diabetic patient, hypoglycemia occurs because of too much
insulin (or oral medications), insufficient food intake (relative to

The Diabetes Control and Complications Trial (OCCI) demon
strated that the risk of progression of diabetic microvascular disease
(retinopathy, nephropathy and neuropathy) and possibly the occur
renceof macrovascular disease (cardiovascular) in patients with type 1
diabetes can be significantly reduced with improved glycemiccontrol.

Ircotmentof tvpe2 diabetes

Treatmentoptions for patients with type 2 diabetes are diverse. Control
can be achieved with diet and exercise therapy, especially if weight
loss is achieved in an overweight patient. However, most type 2
patients also require some pharmacological treatment, either oral
hypoglycemic medication or insulin. Oral medications include the
sulfonylureas (e.g. glyburide, glipizide, chlorpropamide) and megli
tinides, which increase insulin release; thiazolidinediones (rosiglita
zone, pioglitazone),which increase target tissue sensitivity to insulin;
metforrnin, which increases glucose utilization and decreases glucose
production by the liver; acarbose, which slows down the absorption of
carbohydrate through the intestine; and prandial glucose regulators
(repaglinide), which are taken with meals and help to increase insulin
release. These medications can be used alone or in combination.

The United Kingdom ProspectiveDiabetes Study (UKPDS) showed
that good glycemic control in patients with type 2 diabetes results in
a reduction in the risk of microvascular disease. Specifically,a 1% fall
in HbA1c was associated with a 35%reduction in microvascular com
plications (retinopathy,nephropathy and neuropathy). The risk reduc
tion of macrovascular disease was less clear. Based on the results of

Hypoglycemia
~-----~~-------

---~-----------------------------------_._--

Table 48.2 Comparison of diabetic complications
.~~._~. ---------------------------------------

Complication

Precipitating factors

Onset

Initial effect

Skin

Serum glucose levels

Hydration

Cardiopulmonary symptoms

Early CNS symptoms

Late CNS symptoms

Metabolic acidosis

GI symptoms

Intervention required

Hyperglycemia with
diabeticketoacidosis (DKA)

Absence of insulin

Gradual

Lethargy

Hot, dry

>300mg/dL

Increased thirst, polyuria, dehydration

Rapid deep breathing

Headache

Confusion, coma, death

Elevated serum acetone and ketone
bodies in urine, fruity breath

Abdominal pain

Insulin, fluid and sodium bicarbonate
replacement

Hyperglycemia. hyperosmolarity.
nonketosis. coma

Illness, infections, steroid use,
burns

Gradual

Lethargy

Warm

>300mg/dL

Rapid volume depletion with increased
thirst; initial polyuria progressing to
decreased urine output

Confusion, coma, death

No

Abdominal pain

Insulin, fluid and electrolyte
replacement

Hypoglycemia

Excessive exogenous insulin,
decreased oral intake, stress

Abrupt

Agitation, shakiness

Clammy, diaphoretic

<70mg/dL

Unchanged

Tachycardia

Headache, blurred vision,
slurred speech

Confusion, coma, rarely death

No

Hunger

4 OZ (120mL) juice,half a
nondiet soda, two glucose
tablets or two to four
hard candies

eNS. central nervous system; GI, gastrointestinal.
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Physical feature Precaution

Table 48.3 Precautions to take during exercise if diabetic

Hypoglycemia Exercise 45-60 min after eating;may need to
increase dietaryintake before and during exercise;
keep sugar supplements handy; beaware of
delayed onset (upto 24 h)

Wear proper footwear; avoid repetitive stresses;
monitordistalextremities closely

Be alert to signs of cardiac denervation syndrome
(heart rate unresponsive to activity level);
orthostatic hypotension; inability to perceive
presence of angina or myocardial infarction;distal
anhidrosis; poorheatcompensation

Stay hydrated; avoid systolic blood pressure
>170mmHg

Exercise 1h after injections; monitorglucose levels
carefully; avoid exercise during peak insulin
activity; use caution when injecting insulin over
an exercising muscle

Peripheral
neuropathy

End-stage renal
disease

Proliferative
retinopathy

Autonomic
nervous system
dysfunction

Be aware that vital signs maynot beanaccurate
indicator of exercise tolerance; utilize perceived
exertion scale and notedyspnea with exertion; do
not exercise with resting claudication

----_.- ----- - - - ---------._--_._--._----- .... -------

Keep systolic blood pressure <170mmHg; avoid
isometrics, Valsalva maneuvers, head-jarring

Cardiovascu lar
functioning

Insulin levels

exercise days or to take a supplemental snack before exercise
(Table 48.3). One approach is to reduce the insulin dose by approxi
mately 20%; the glucose response to exercise will provide additional
information when making this decision. If weight 1055 is a goal, it is
desirable to avoid supplemental caloric intake. It is also important to
consider the timing of exercise with respect to the timing of insulin
or oral medication administration and meals. Exercise should be
done at least 1-2 h after meals and vigorous exercise should be
undertaken when insulin levels are near the lower range. This might
be in the morning, before injection or 4 or more hours after injection
of regular insulin. Also, consideration should be given to the site of
the insulin injection. Insulin injected over an exercising muscle is
absorbed more quickly and this translates into more potent glucose
lowering effects. Because of this, if exercising within 30 min of injec
tion, a patient should be advised to use the abdomen, not the arm or
thigh, for the subcutaneous injection of insulin (Table 48.3). Exercise
should include a standard warm-up and cool-down period as in
nondiabetic individuals.

It is common for a patient initially referred for rehabilitation to
have a relatively low fitness level that requires a cautious and grad
ual introduction to exercise. Before increasing the usual patterns of
physical activity or starting an exercise program, patients with dia
betes should undergo a detailed medical evaluation and, if indi
cated. appropriate diagnostic studies such as an electrocardiography,
graded exercise test or radionuclide stress testing. The presence of
micro- and macrovascular complications should be screened for as
some may be worsened by the exercise program. Identification of
areas of concern will allow the formulation of an individualized exer
cise program that can minimize the patient's risk.

In type 1 diabetes, exercising during insulin insufficiency can promote
a hyperglycemic response and place the individual at risk for meta
bolic acidosis. Additional insulin may have to be administered and
exercise deferred if the glucose level is higher than 250 mg/dL and
ketones are present in the urine. Caution should be used if blood glu
cose is >3OOmg/dL and no ketosis is present. Patient's with type 1
diabetes should ingest additional carbohydrate if glucose levels are
below 100mg/dL. With type 2 diabetes, the upper value for deferring
exercise is higher (300mg/dL) because ketosis if far less common and
is unlikely to be provoked by exercise. Occasionally, especially in eld
erly type 2 individuals, a medical crisis of severe hyperglycemia and
cellular dehydration may develop, often in response to the physiologi
cal stress of infection, bums or illness. These individuals may progress
to a hyperglycemic, hyperosmolar, nonketotic coma. Because of the
absence of ketosis, the diagnosis may be overlooked and, in this pop
ulation, treatment delay can easily result in mortality (see Table 48.2).
Proper hydration during exercise is essential.

If exercise substantially lowers blood glucose, particularly if it
drops into the range where hypoglycemia is a risk, then some of the
following strategies should be considered. The most fundamental
options are either to reduce insulin (or the oral medication dose) on

Hyperglycemia

Exercise and diabetes
Individuals without diabetes can maintain stable blood glucose lev
els during exercise. However, physical activity can have a marked
effect on blood glucose in a person with diabetes. Exercise increases
glucose use by muscles and improves muscle sensitivity to insulin. A
regular program of exercise may lower the requirements for insulin
or oral medication. These are desirable effects but it should be recog
nized that exercise can increase the risk of hypoglycemia. About
30 min of interval or continuous exercise can decrease blood glucose
regardless of fitness level.

Glucose control does not always improve with exercise, so the effect
must be evaluated for each patient. Patients should increase their
blood glucose self-monitoring during exercise. This is especially
important for patients on insulin or oral medications. At the begin
ning of an exercise program, particularly with type 1 diabetic
patients, blood glucose levels should be checked before exercise,
every 15-30 min during exercise and after stopping exercise. Blood
glucose should continue to be checked frequently, as levels can con
tinue to fall for up to 24h after exercising. Blood glucose self-monitoring
data can be used to assess a patient's response to physical activity
and improve performance.

insulin or medication dose) or increased physical activity (again, rel
ative to insulin dose). Treatment of hypoglycemia must be prompt.
Mild hypoglycemia can usually be quickly reversed by ingesting
something containing sugar. Handy sources of sugar include 40z
(120 m L) of orange juice, half a nondiet soda, a few hard candies, two
glucose tablets or two packets of sugar. Patient" with a hypoglycemic
episode should monitor their blood sugar carefully in the hours fol
lowing the episode. Severe hypoglycemic reactions can require intra
venous glucose or an intramuscular glucagon injection; these are also
necessary if the patient is obtunded and cannot safely be given oral
glucose because of the risk of aspiration. A therapist who has treated a
patient for a severe hypoglycemic reaction should always notify the
physician. Hypoglycemia caused by sulfonylureas can be prolonged
and has a higher risk of mortality than that caused by insulin;
patients can require short-term hospitalization.
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Table 48.4 Diabetes timeline

Complication Incidence Prevention Screening
------- ._._----------------------------------------~-_.

Progression from
IGT (prediabetes)
to diabetes

Lifestyle changes (diet, exercise,
behavior modification),
pharmacological intervention
(metformin, acarbose, troglitazone)

Consider FPG or 2-h OGTT in those ~45 years
with BMI ~25 kg/m2 and those <45 years if
overweight and have other risk factors for
diabetes. Repeat screen every 3 years

Nephropathy Occurs in 20-40%of patients with
type 2 diabetes; develops slowly over
15-25years; may benoted early in
disease in type 2 diabetes

Retinopathy

Neuropathy/
delayed wound
healing

Cardiovascular
disease

Occurs in 80%of diabetics after
15years' duration; occurs in 10-20%
at diagnosis with type 2 diabetes

Occurs in 60-70%of patients with
diabetes; symptoms such as
numbness and tingling occur 10-20
years after diabetes has been
diagnosed; increased riskof foot
ulcer or amputation in diabetes
of ~10 years' duration
----- - ---------

60-75% of diabetics die from
cardiovascular causes: incidence
of CVD is two to three times higher
in diabetic men and three to four
times higher in diabetic women,
after adjusting for age and other
risk factors

Optimize blood glucose control
(goal HbA1cof <7%); lower
blood pressure

Optimize blood glucose control
(goal HbA1cof <7%); lower
blood pressure

Optimize blood glucose control
(goal HbA1cof <7%)

Optimize blood glucose control
(goal HbA,c of <7%); lowerblood
pressure; treat dyslipidemia if
present; with or without aspirin,
and smoking cessation

Annual test for microalbuminuria after~5 years
duration of type 1 diabetes and after diagnosis in
type 2 diabetes using spoturine microalbumin
creatinine ratio. If found, treat with anACE
inhibitoror anARB. Mayrequire protein restriction

An initial dilated and comprehensive eye
examination within 5 years of onset of type 1
diabetes and shortlyafter diagnosis in type 2
diabetes. Repeat examination annually

Annual foot examination to identify high-risk
foot conditions. Examination involves a
Semmes-Weinstein 5.07 monofilament
examination, tuning fork,palpation and visual
examination

Frequent blood pressure monitoring. Intervention
with lifestyle modifications if systolic pressure
~130mmHg and diastolic pressure ~80mmHg.
If systolic pressure ~14O mmHg or diastolic
pressure ~90 mmHg, should receive drug therapy
with ACE inhibitors, ARBs, beta blockers, diuretics
or calcium-channel blockers, along with lifestyle
changes. Lipids should bechecked at least
annually (goal: lDl, 100 mg/dl; TG < 150mg/dl;
and HDl> 40 mg/dl)

ACE, angiotensin-converting enzyme; ARB, angiotensin receptor blocker; BMI, body mass index; CVD, cardiovascular disease; FPG, fasting plasma glucose; HbAle,
hemoglobin Ale; HDl,high-density lipoprotein; IGT, impaired glucose tolerance; LDl,low-density lipoprotein; OGIT, oralglucose tolerance test;TG, tryglycerides.

-------------------------------~

DIABETIC COMPLICATIONS

Diabetesis a systemicdisorder and the function of every organ system
in the body can be affected (Table 48.4). The following discussion
emphasizes the diabetic complications that have particular relevanceto
rehabilitation (seeTable48.3).

As mentioned previously, several recent trials, including the DCCT
and the UKPDS, have shown that improved glycemic control in
patients with type 1 and type 2 diabetes mellitus significantly
reduces the risk of development or slows the progression of the
microvascular complications of diabetes (retinopathy, nephropathy
and neuropathy). The risk of microvascular complications is highest
if the HbAlc is above 12%but is also increased at all values above the
non-diabetic range.

The data on the effect of glycemic control on the development of
macrovascular disease in patients with type 2 diabetes are less clear.
However, a recent meta-analysis of 13 prospective cohort studies
showed that, for everyone percentage point increase in HbA1c, the
relative risk for any cardiovascular event is 1.18 (Selvin et al 2004).

Clinically, this means that patients with poor glycemic control, as
reflected by elevated HbA1clevels, have a higher risk of having a car
diovascular event than someone with better glycemic control, as
reflected by a lower HbA1c level.

Cardiovascular functioning
In total, 60-75% of deaths among individuals with diabetes are due
to heart disease or stroke (National Diabetes Fact Sheet 2003).
Diabetic patients who are at high risk for underlying cardiovascular
disease include those above 35 years of age, those above 25 years of
age with type 2 diabetes of more than 10 years duration, those above
25 years of age with type 1 diabetes of more than 15 years' duration,
those with additional risk factors for coronary disease and those
with microvascular disease, peripheral vascular disease or auto
nomic neuropathy. Diabetic patients who are at high risk for under
lying cardiovascular disease may need to undertake a graded
exercise test if they are about to begin a moderate to high intensity
physical activity program. Patients who have nonspecific ECG



312 BLOOD VESSEL CHANGES, CIRCULATORY AND SKIN DISORDERS

changes in response to exercise, or who have nonspecific ST- and
T-wave changes on the resting ECG, may require additional tests
such as radionuclide stress testing. Clinical judgment must be used
when assessing the need for exercise stress testing in patients plan
ning to participate in low intensity forms of physical activity such as
walking (American Diabetes Association 2004).

Delayed wound healing
---~-------_ .._---

Delayed wound healing is a complication of diabetes that is related
to poor metabolic control, arterial insufficiency, neuropathy and
other factors. In total, 5-10% of diabetic patients have had past or
have present foot ulceration. Individuals at greatest risk are men who
have had diabetes for more than 10years, who have poor glucose con
trol or who have cardiovascular, retinal or renal complications.
Diabetic foot ulcers are a principal cause of the high rate of lower
extremity amputations in diabetics, which is 1-3 times higher than in
nondiabetic individuals. Prevention of foot ulcers is the best therapy,
and prevention starts with a careful foot and lower extremity exami
nation along with an aggressive program of patient education.
Patients must be taught to monitor closely for blisters and other
potential damage to their feet, both before and after exercise. Proper
footwear is important, especially for patients with peripheral neu
ropathy. The use of silica gel or air midsoles, as well as polyester or
blend socks to prevent blisters and keep feet dry, may minimize
trauma to feet during exercise (Larsen et al 2003, American Diabetes
Association 2(05).

Neuropathy
Neuropathy is found in approximately 6G-70% of individuals with
diabetes, with sensory loss being more prevalent than motor loss
(see Chapters 34 and 35) (National Diabetes Fact Sheet 2003).
Sensory loss typically presents in a stocking/glove pattern. Patients
who are unable to perceive the touch of a Semmes-Weinstein 5.07
monofilament on the plantar surface of the foot are at high risk for
ulceration. Decreased proprioceptive input may cause balance and
motor deficits that typically affect the smaller intrinsic muscles of the
feet, thus altering foot structure and pressure dynamics. Patients
with insensitive feet (see Chapter 51) are at increased risk for callus
or blister formation and this can be the trigger event that leads to seri
ous infection (see Chapter 52), ulcer formation (see Chapter SO) and
loss of limb or life (see Chapter 49). The education of patients should
include recommendations against walking barefoot and suggestions
that water temperatures be tested with the elbow and daily foot
inspections be made. Although walking is the form of exercise that
many older people prefer, with the considerable advantage of being
low in intensity and cost, a diabetic patient with a marked neuropa
thy or foot deformity may be exposed to an increased risk of foot
ulceration with a walking program. These individuals may benefit
more from a nonweight-bearing type of exercise, such as cycling or
swimming. Prescription footwear with orthotics may alleviate some
of the risk. Medicare has authorized payments for podiatry visits
and specialized footwear for diabetic individuals. When a transtibial
amputation does occur, 60% of diabetic patients lose the remaining
leg within 5 years. Smoking significantly compounds the problem
(American Diabetes Association 2004).

Physical therapists who are treating orthopedic problems should
document a concomitant diagnosis of diabetes, as this may help to
justify extended interventions. The healing of a foot ulcer can take
weeks to months and a multidisciplinary approach is necessary to
optimize conditions.

Vascular complications
Vascular complications are the leading cause of death among individ
uals with diabetes, as they are at an increased risk for coronary artery
disease, stroke and peripheral vascular disease (PVD) and often have
coexisting hypertension and dyslipidemia. An examination of the feet
of a diabetic should assess for the presence of cold feet, a decrease or
absence of the dorsalis pedis and posterior tibial pulses, atrophy of
subcutaneous tissues and hair loss, all of which are suggestive of PVD.
An ankle brachial pressure index (ABPI) can alsobe obtained. A pos
itive ABPI indicates the need for further vascular assessment.

Symptomatic PVD often presents as intermittent claudication
resulting in a burning cramping sensation, usually in the calf, that is
caused by activity-induced ischemia. These symptoms can be diffi
cult to distinguish from painful diabetic peripheral neuropathy. Some
patients may have significant arterial disease yet remain asymptomatic
because of low levels of activity, and the demands of rehabilitation
may unmask these problems. Physical rehabilitation should empha
size a graded program of exercise to encourage collateral circulation to
the limbs. This entails encouraging patients to exercise the involved
muscles to the point of pain but to avoid persisting once ischemia
begins. For calf claudication, heel lifts, toe taps, toe raises and ankle cir
cles may be good exercises. It usually takes about 3 months for sympto
matic relief through collateral circulation to occur. If the PVD has
progressed to the point of constant pain and resting claudication in the
foot, all lower extremity exercises are contraindicated. This is because
such individuals are at risk for limb loss and require surgical revascular
ization. Whenever PVD is present, individuals should consult with a
physician before using any over-the-counter medications for the foot
(American Diabetes Association 2004).

Autonomic neuropathy
-----'--------

In total, 60-70% of individuals with diabetes have mild to severe
nervous system damage (National Diabetes Fact Sheet 2003).
Autonomic neuropathy develops in the sympathetic and parasympa
thetic nervous systems of 20-40% of those with long-term diabetes.
Exercise programs for diabetic patients with autonomic neuropathy
should proceed cautiously. Autonomic neuropathy can result in distal
anhidrosis, leading to poor heat dissipation as a result of the
decreased sweating in the extremities. Patients with this symptom
should avoid overheating when exercising. Genitourinary auto
nomic dysfunction leads to impotence and the risk of urinary infec
tions. Gastrointestinal disturbances include constipation and diarrhea.

Some individuals with autonomic involvement may present with
significant cardiac autonomic neuropathy. These individuals do not
perceive anginal pain and may be at risk for 'silent' myocardial infarc
tion. Cardiac arrhythmias are not uncommon. Cardiac denervation
syndrome (also referred to as cardiac autonomic neuropathy), a result
of autonomic dysfunction, produces a heart rate that is typically
around 80-90 beats per minute and is unresponsive to activity levels,
beta blockers and antiarrhythrnics. If a sustained grip, holding one's
breath or a Valsalva maneuver produces no changes in vital signs,
cardiac denervation syndrome may be present. The inability of the
cardiovascular system to augment cardiac output places such indi
viduals at risk for postural hypotension. Orthostatic problems (a fall
in systolic blood pressure of >20 mmHg on standing) superimposed
upon cerebral arteriosclerotic changes may precipitate transient
ischemic attacks. Whenever cardiac autonomic changes are present,
monitoring vital signs to assess exercise tolerance may not always
produce accurate information. Individuals in this state should have
thorough cardiac workups before increasing activity levels, including
stress or resting thallium myocardial scintigraphy to look for the pres
ence and extent of macrovascular coronary heart disease. If cardiac



neuropathy is present, during exercise, emphasis should be placed
on perceived exertion rates, dyspnea and other observed symptoms
of distress and not simply on pulse and blood pressure. Exercise
warm-ups and cool-downs should be stressed. Patients prone to ortho
static changes may benefit from minimizing changes in position dur
ing rehabilitation, wearing compressive stockings and ensuring an
adequate fluid intake (American Diabetes Association 2004).

Retinopathy
Retinopathy is a frequent complication of diabetes. About 80% of
type 1 diabetics will have some diabetic retinopathy after 15 years of
disease, and 60% of patients with type 2 diabetes will develop some
degree of retinopathy after 20 years. Further, 20% of type 2 diabetics
have some degree of retinopathy at diagnosis (Larsen et al 2(03).
Although most cases of retinopathy are of the nonproliferative vari
ety (with only mild background changes in vision), some patients
progress to proliferative retinopathy, which is the leading cause of
blindness in adults aged from 20 to 74. Using the Joslin Clinic expe
rience, the degree of diabetic retinopathy has been used to stratify
the risk of physical activity and to discourage certain activities based
on this stratification. For example, in patients with active prolifera
tive diabetic retinopathy (PDR), strenuous activity may lead to vitre
ous hemorrhage or tractional retinal detachment. Patients with
active PDR should avoid physical activity that involves straining,
jarring, jogging, high-impact aerobics or Valsalva-Iike maneuvers.
Patients with moderate to severe nonproliferative diabetic retinopa
thy (NPDR) should also limit activities such as heavy lifting,
Valsalva maneuvers, boxing and highly competitive sports. Systolic
blood pressure should be kept below 170mmHg during exercise
(American Diabetes Association 2005).

Nephropathy
Diabetic nephropathy occurs in 20-40% of patients with diabetes and
is the leading cause of end-stage renal disease, accounting for 43% of
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new cases (National Diabetes Fact Sheet 2(03).The earliest sign of dia
betic nephropathy in type 1 diabetes is persistent albuminuria in the
range of 30-299 mg over 24h (microalbuminuria). Microalbuminuria
is also a marker for the development of nephropathy in type 2 dia
betes, as well as a marker for increased cardiovascular disease risk.
Controlling blood pressure has been shown to reduce the development
of nephropathy; blood pressure should be carefully monitored during
exercise. The ADA has not developed specific physical activity
recommendations for patients with microalbuminuria or overt
nephropathy. Patients with nephropathy may have a reduced capac
ity for physical activity leading to self-limitation of activity level.
High intensity and strenuous physical activity should probably be
discouraged in these individuals unless blood pressure is carefully
monitored (Larsen et aI2003, American Diabetes Association 2(05).

In 2000,a total of 129183 people with diabetes underwent dialysis
or kidney transplantation (National Diabetes Fact Sheet 2(03). For
patients on dialysis therapy, fluid replacement is a crucial issue that
must influence the scheduling of exercise and rehabilitation. In addi
tion, patients are given heparin during infusions and any wound
care that is performed within 24h of dialysis should minimize
aggressive debridement. Exercise programs should incorporate anti
coagulant precautions, such as guarding against skin trauma caused
by weights, hand placement or jarring, especially at intravenous
sites, and there should be renewed vigilance against falling.

CONCLUSION

Diabetes is a common and chronic disease that includes multisystem
involvement. Many patients with diabetes mellitus need medical and
rehabilitative care because of complications resulting from the dia
betes or from other illness. It is important that the healthcare
provider be aware of the significant influence that diabetes has on
rehabilitation.
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Chapter 49

Amputations
Joan E. Edelstein

CONDITIONS RELATED TO AMPUTATION

stance, foot support and balance; the patient tends to lean backwards
on the heel. In all cases of partial foot amputation, the patient should
be fitted with a shoe that has a rocker sole to aid late stance and an
arch support. The shoe insert for an individual with a ray amputa
tion must have a longitudinal insert to prevent the narrowed foot from
sliding in the shoe.

Syme's amputation involves surgical removal of the entire foot
except for the calcaneal fat pad. The fat pad is sutured to the distal
tibia and fibula. The patient should be given a Syme's prosthesis,
which replaces the shape and basic function of the foot. Syme's and
partial foot amputations provide good support and sensory feed
back because the patient can stand on the distal end of the amputa
tion limb (end-bearing).

Transtibial (below-knee) amputation is the most common site for
major lower-limb amputation (i.e, proximal to the ankle) (Fletcher
et aI2oo2). Retaining the anatomic knee enables the individual to sit
and walk reasonably well. Geriatric patients with transfemoral
(above-knee) amputation have poorer functional capacity and gen
erally rely on a wheelchair for long-distance community travel. Ankle,
knee and hip disarticulations are uncommon, particularly among
older adults.

The older individual with bilateral amputations resulting from
vascular disease generally undergoes one amputation before the
other. The presence of diabetes accelerates the loss of the contralateral
limb, so individuals with an amputation resulting from diabetes
must be taught the proper care of the residual and contralateral
limbs (Thornhill et al 1986, Eneroth & Persson 1992)(see the discus
sion on education and prevention in Chapter 48, Diabetes).

I.....__ .__. ~ __J

• Introduction
• Classification of amputations
• Conditions related to amputation
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INTRODUCTION

Amputation is the removal of a body segment. Peripheral vascular dis
ease, with or without diabetes, is the leading cause of amputation in
the US and Europe; however, dysvascular amputations are likely to
increase (Fletcheret al 2(02).Trauma, congenital anomalies and cancer
are other possible etiologies. Elderly patients are much more likely to
have lower than upper limb amputations. Older individuals with
amputations resulting from any cause usually have years of experi
ence in accommodating their lifestylestocope with the interference that
amputations impose on walking and other daily activities. Neverthe
less, insidious musculoskeletal, neuromuscular, integumentary and
cardiopulmonary changes associated with aging are troublesome to
older adults with amputations. This is because of the added stress
that a limb anomaly and prosthesis impose on remaining tissues (see
Chapter 71 for details about evaluating the patient and prescribing
prostheses).

!CHAPTER CONTENTS

CLASSIFICATION OF AMPUTATIONS

Amputations can be classified by anatomical location. Partial foot
amputations are very common among those with peripheral vascular
disease. The different levels of amputation include phalangeal, ray
and transmetatarsal. Removal of one or more of the phalanges com
promises late stance. If an entire toe is absent, including the proximal
phalanx, the longitudinal arch of the foot will flatten because the inser
tion of the plantar aponeurosis is disrupted. A ray pertains to a
metatarsal and its phalanges. Ray amputation interferes with late
stance and the longitudinal arch; in addition, the foot will be nar
rowed. Transmetatarsal amputation has major negative effects on late

Individuals who sustain dysvascular amputations often have other
evidence of vascular disease, including cardiovascular disease, which
compromises their ability to tolerate vigorous exercise. Severe car
diovascular disease, in which the patient has dyspnea at rest, con
traindicates fitting of a prosthesis. Cerebrovascular disease is a
frequent concomitant condition. Hemiparesis, usually ipsilateral, is
also not uncommon. Paresis does not preclude prosthetic use, partic
ularly if the amputation predated the stroke. When peripheral vas
cular disease in one limb is severe enough to lead to amputation,
circulation in the opposite limb is also compromised. Individuals
may complain of intermittent claudication after a short walk; prosthetic
fitting reduces stress on the remaining limb. The remaining foot is
vulnerable to pressure ulcers, which can lead to amputation. Vigilant
foot inspection and hygiene, as well as suitable footwear, are essential.
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Peripheral vascular disease associated with diabetes is often accom
panied by obesity, visual impairment, proprioceptive and tactile loss
and renal dysfunction, all of which complicate the use of prostheses.
Severe arthritis in the lower limbs or the hands also hampers the fit
ting and wearing of a prosthesis.

TESTS IN PATIENTS WITH AMPUTATION

In addition to tests of the peripheral vascular system, including
angiography, pulse oximetry and Doppler ultrasound, the patient
with an amputation should be investigated for sensory diminution.
Tactile sensation may be graded with a 5.07-g filament, whereas pro
prioception can be judged with balance testing. Heart rate and blood
pressure should be monitored to enable the rehabilitation program
to be kept at a challenging level without overstressing the patient.

The amputation limb requires daily inspection to identify any
incipient ulceration. A patient who has had a recent amputation should
have the surgical scar examined to ascertain whether healing is pro
ceeding satisfactorily. Amputation limbs at or above the transtibial
level are measured longitudinally and circumferentially. The longer
the amputation limb, the more efficient the gail. The proximal circum
ferential measurement of the transtibial limb is taken at the fibular
head. For the transfemorallimb, the measurement is taken at a fixed
distance below the greater trochanter. Additional distal measurements
are taken at 4-cm intervals. Consistent circumferential measure
ments indicate that edema has subsided and the patient is ready for
a permanent prosthesis.

Motor power and joint excursion in all limbs and the trunk should
be assessed periodically. Weakness interferes with the ability to main
tain sitting balance, transfer from bed to wheelchair, stand and man
age a prosthesis. Hip- and knee-flexion contractures compromise
prosthetic alignment and the patient's ability to stand and walk with
a prosthesis. The clinician should ask the patient about the presence
and intensity of phantom (awareness of the missing body part) sen
sation and pain, which is highly prevalent (Ephraim et al 2005).
Phantom sensation is likely to present permanently, whereas phan
tom pain can be expected to subside within the first year after sur
gery. Many modalities, such as ultrasound, transcutaneous electrical
nerve stimulation (TENS) and massage reduce pain intensity.

The initial evaluation should also include an inquiry about the
individual's functional level before surgery. An individual with a
bilateral amputation who was not able to use a unilateral prosthesis
is unsuitable for bilateral prostheses. Cognitive assessment is also
essential because the presence of dementia contraindicates pros
thetic fitting. Other factors that influence rehabilitation include envi
ronmental features, such as the number of steps at the entrance to and
within the home, and the patient's vocational and avocational inter
ests. For example, an individual who enjoyed playing golf before
surgery may benefit from a prosthetic foot that can accommodate the
sloping terrain of a golf course.

CLINICAL RELEVANCE: MOBILITY AND
REHABILITATION

Preprosthetic rehabilitation involves measures designed to improve
the health of the amputation limb and interventions that increase the
individual's independence. The goals of treating the amputation limb
arc to reduce postoperative pain, foster healing, stabilize limb vol
ume and prevent complications, particularly contractures and skin
disorders. The patient should be guided towards increasing self-eare
including dressing, grooming, personal hygiene, maneuvering in

bed and various transfers, such as from bed to wheelchair, wheelchair
to toilet and standing. Some older people with unilateral amputation
can negotiate short distances with a walker or a pair of crutches and
the remaining leg. These activities should not be performed unless
the patient is wearing a clean sock and a well-fitting shoe on the
intact foot.

Most individuals with unilateral amputation or bilateraltranstib
ial amputation receive prostheses (see Chapter 71, Prosthetics).
Rehabilitation aims to enable the individual to don and use the pros
thesis safely, either as the sole mode of locomotion or as an alternative
to wheelchair mobility, particularly indoors. A preparatory prosthesis
for balance during transfers or for cosmetic value may be considered.
The clinical team, consisting of physician, physical therapist and
prosthetist, should select the prosthetic components that will provide
the patient with the best opportunity for accomplishing meaningful
activities and that are within the person's functional capacity. The fol
lowing Medicare guidelines for prosthetic prescription (Health Care
Financing Administration 2001) are based on predicting the function
of an individual with unilateral amputation:

• Level0: patient does not have the ability or potential to ambulate
or transfer safety, with or without assistance, and a prosthesis
does not enhance the quality of life or mobility.

• Levell: patient has the ability or potential to use a prosthesis for
transfer or ambulation on level surfaces at fixed cadence; a typical
limited or unlimited household ambulator.

• Level 2: patient has the ability or potential for ambulation with the
ability to traverse low-level environmental barriers such as curbs,
stairs or uneven surfaces - a typical community ambulator.

• Level 3: patient has the ability or potential for ambulation with
variable cadence; a typical community ambulator with the ability to
traverse most environmental barriers and who may carry out voca
tional, therapeutic or exercise activities that demand prosthetic
use beyond simple locomotion.

• Level4: patient has the ability or potential for prosthetic ambula
tion that exceeds basic ambulation skills, exhibiting high impact,
stress or energy levels typical of the prosthetic demands of the
child, active adult or athlete.

THERAPEUTIC INTERVENTIONS

Early care

Reducing postoperative edema has the triple benefit of diminishing
pain, fostering healing and stabilizing limb volume by promoting
resorption of interstitial fluid. An elastic bandage or other modality
is often used until limb girth stabilizes. Most patients can learn to
apply an elastic bandage to a partial foot, Syme's or transtibial
amputation limb but it is exceedingly difficult for a person of any age
to wrap a transfemoral amputation limb. Regardless of amputation
level, the elastic bandage loosens as the patient moves in bed or
transfers into and out of a wheelchair. Consequently, the bandage
must be reapplied several times a day. Elastic shrinker socks are easier
to apply and can be used at the transtibial and transfemorallevels,
although suspension on the thigh is difficult to maintain. As limb vol
ume reduces, successively smaller socks are needed.

Elastic bandages and shrinker socks are the least effective ways of
controlling edema. A rigid plaster dressing applied at the time of sur
gery is a much more effective way to control edema, particularly for
transtibial amputation (Van Velzen et al 2005). Unless signs of infec
tion are evident, the dressing is left in place until the time of suture



removal. An aluminum or plastic pylon and a prosthetic foot can be
attached to the rigid dressing to create an immediate postoperative
prosthesis, although this modification is rarely used with older
patients. Unfortunately, plaster dressings are more difficult to apply,
require suspension from a waist belt and usually prevent inspection
of the operative wound. Sometimes, the distal portion of the dress
ing over the scar is cut, so that the plaster can be removed for wound
inspection and then easily replaced. Alternatively, a removable rigid
dressing can be used, which also allows the wound to be viewed.
Removal of the plaster requires a cast cutter.

An Unna semirigid dressing is comprised of zinc oxide, calamine,
gelatin and glycerin in a gauze bandage. It is easy to apply and
remove, adheres to the skin and thus requires no waist belt, and pro
motes healing; it is well suited to amputations at every level, includ
ing transfemoral (Wong & Edelstein 2000).The dressing remains on
the limb until the sutures are removed. The semirigid dressing by
itself cannot support a pylon and foot. After removal of the rigid or
semirigid dressing, most patients wear a shrinker sock to resolve
residual edema.

Additional care
In addition to stabilizing amputation limb volume, other interven
tions that focuson the amputation limb are those that reduce phantom
pain, including ultrasound, TENS, bilateral resistive exercise and
percussive massage. An educational program and peer support may
help the patient accept the phenomenon of phantom sensation
(Carroll & Edelstein 2006). Contractures can be prevented by encour
aging the patient to use alternative positions rather than remain
seated. A bivalved plaster or a canvas knee splint and a wheelchair
knee support retard development of a knee-flexion contracture.
Resistive exercises should emphasize hip and knee extension. Once
the scar has healed, it can be massaged to prevent adherence.

Interventions that enable the patient to resume self-eare and mobil
ity foster independence (Lusardi & Nielsen 2006). Most patients receive
a wheelchair; the wheelchair should promote good sitting posture
and the seat should have a firm foundation and a proper cushion to
distribute pressure. A lumbar support to overcome the slingback
effect of a flexible backrest is helpful. The brakes must be operative.
Legamputation shifts one's center of gravity posteriorly.Consequently,
either a special model of wheelchair should be obtained that has pos
teriorly offset wheels or a pair of adapters should be bolted to the
rear wheels of a standard wheelchair. The wheelchair will then have
an increased base of support, preventing upset of the wheelchair and
its occupant when ascending steep ramps. An individual with a uni
lateral amputation should have a wheelchair with swing-out footrests
so that the remaining foot and the prosthesis can be supported. The
individual with bilateral amputations who is not a candidate for pros
theses will have a less difficult time transferring if the wheelchair
does not have footrests. Removable armrests facilitate transfers.

The physical therapist should demonstrate the safest way of trans
ferring into and out of the wheelchair and the most efficient ways of
maneuvering it. The home may require modification to accommodate
the wheelchair, such as rearranging furniture to create a pathway and
removing throw rugs and saddle boards at doorways to enable the
wheelchair to be rolled with ease. If the wheelchair cannot fit through
the bathroom door, a commode and alternative bathing facilities will
be needed.

Exercises that improve the flexibility,coordination and strength of
the hands, shoulders and trunk are important. All patients with uni
lateral amputation should be taught how to inspect and clean the
remaining foot and the need for a suitable sock and shoe. Peer sup
port can help many patients and their families cope with the emo
tional and practical problems associated with amputation.
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Rehabi Iitation
Prosthetic rehabilitation begins with assessment to ascertain whether
the prosthesis fits well and that all components function properly.
The basic program emphasizes correct donning of the prosthesis, trans
fer into and out of chairs, balance when standing, and walking, as well
as instruction in care of the amputation limb and the prosthesis.
Some older adults are able to climb stairs and ramps, drive a car and
engage in a wide range of recreational activities once they become
used to the prosthesis.

Applying a partial foot prosthesis generally involves slipping the
prosthesis into the shoe, donning the appropriate sock, making sure
that it is not wrinkled and, finally,inserting the foot into the shoe. The
sequence for dressing with the usual transtibial prosthesis is to put
the sock and shoe on the prosthetic foot, drape the trouser around the
prosthesis, don the amputation limb sock, insert the amputation limb
into the socket and secure any straps or other fastenings. Some people
prefer to don the amputation limb sock and the socket liner and then
enter the socket. The entire sequence can be performed while sitting.
If the prosthesis has distal pin suspension, the patient applies a sili
con sheath to the amputation limb, along with one or more socks,
and then inserts the covered amputation limb into the socket, match
ing the pin in the sheath to its hole at the base of the socket.

Donning of the transfemoral prosthesis can begin while sitting.
The patient applies the amputation limb sock, bringing its proximal
margin to the groin, removes the suction valve from the prosthetic
socket and then places the thigh in the socket.At this point, the patient
stands and pulls the distal end of the sock through the valve hole in
order to smooth superficial tissues into the socket. The patient tucks
the sock end into the socket, installs the valve and fastens the belt
around the torso. If the prosthesis has total suction suspension, the
easiest method is to lubricate the thigh, insert it into the socket while
sitting or standing and install the valve.

Teaching the patient to move safely from various chairs to the
standing position and back again is the most critical aspect of pros
thetic rehabilitation in the older adult. Regardless of amputation
level, it is easiest for the patient to stand from an armchair with a
firm seat, such as a wheelchair. Both feet should be on the floor, with
the sound foot placed slightly posteriorly. Initially, the patient may
use the armrests to assist in rising.

Balancing with a prosthesis may begin at the parallel bars or at the
side of a sturdy table. The latter approach prevents the individual
from forming the habit of pulling, rather than pushing, on the sup
porting structure. The therapist should guide the patient in shifting
from side to side, forward and backward, and diagonally while
maintaining upright posture. Eventually, the patient should be able to
shift their weight without holding onto a support. Advanced balanc
ing exercises include stepping onto a low stool with the sound foot,
thus prolonging weight-bearing on the prosthesis.

Gait training may involve the use of a cane, forearm crutch or a
walker, depending on the patient's ability to masterbalance exer
cises. Proper adjustment of the assistive device and instruction in its
use are essential to promote safe walking. The two-wheeled walker
enables a faster gait than a four-wheeled aid (Tsai et al 2003). The
goals of gait training are safety, symmetrical step length and equal
time spent on each leg. Older adults who wear transfemoral pros
theses walk faster when the knee unit is locked, even though the
appearance of the gait is abnormal, assuming the alternative knee
unit has no stance contral mechanism (Devlin et al 2002). Patients
should practice walking on various surfaces, such as smooth floor
ing, carpets and grass.

Individuals who are able to walk safely on level surfaces should be
given an opportunity to climb stairs and ramps. The easiest task is
ascending stairs that have a handrail on the contralateral side. Most
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individuals with transtibial or more distal amputations ascend and
descend in a foot-over-foot manner, alternating feet on each step. In
contrast, those with transfemoral prostheses ascend leading with the
sound foot and descend leading with the prosthesis. A few exception
ally agile individuals learn to descend in a foot-over-foot pattern. Stair
climbing by those who wear bilateral transfemoral prostheses is
exceedingly rare. They may choose to ascend and descend seated on
the buttocks. Maximal assistance is often necessary. Two handrails
may be facilitative or an electric stair glide may be appropriate. Ramps
pose a problem for those who wear prostheses because most pros
thetic feet have limited ranges of dorsiflexion and plantarflexion.
Diagonal (sideways) climbing may be more practical for older adults
(Smith et al 2004).

There are two concerns with driving a car, namely transferring into
and out of the car and operating the vehicle. An individual with a
right-side amputation will find it easier to enter the car on the pas
senger side. With a left prosthesis, the patient should first sit side
ways on the passenger seat and then lift the prosthesis to the
forward-facing position while pivoting on the buttocks. Operating an
automobile that has automatic transmission is easier for an individ
ual with a left-side amputation. An individual with a right prosthesis
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INTRODUCTION

The integument (the skin) is a vital organ. When a person sustains an
injury to the integument, a break has occurred in the protective bar
rier between the organs/underlying tissues and the outside environ
ment. This principle is crucial to the survival of the elderly. It is fairly
common knowledge that chronic dermal wounds occur most fre
quently in the elderly (Wong 2(00). The body's ability to heal is
altered by various health problems - diabetes mellitus, circulatory
problems, hypertension and chronic obstructive pulmonary disease
(COPD). Normal age-related changes in the skin also affect the rate and
quality of healing (see Chapter 52, Skin Disorders), and there may be
additional risk factors including inadequate nutrition, limited mobility
and muscle atrophy.

WOUNDS AND THE HEALING PROCESS

The normal healing process has three phases (Stillman 2(05). In phase
one, the inflammatory response is activated, which is the body's nat
ural response to injury. This inflammatory response extends from
injury to 4--6days after injury. The process follows a normal sequence
of events including vasoconstriction, fibrin clots, vasodilation and
the presence of neutrophils and macrophages that remove bacteria and
debris. Initially after injury, transudate leaks out of the blood vessels
to fill the interstitial space, leading to localized edema and, thus,
slowing the bleeding. Next, blood vessels reflexively constrict to
assist with reducing blood loss. Platelets aggregate and become
'sticky'; this plugs up the lymphatic tissue, causing greater edema.
The platelets release growth factors that control cell growth, differ
entiation and metabolism. Finally, chemotactic agents are released to
attract cells that are necessary to fight infection and repair the
wound. As the chemotactic agents attract new healing cells, the

vasoconstriction changes to vasodilation, allowing these cells to
reach the site of the injury. Vasodilation results in localized redness,
swelling and warmth, which are characteristics of inflammation.
Fluid seeping from the wound, containing macrophages, white
blood cells (WBC) and neutrophils, is called exudate; it is yellow /
cream colored and more viscous than transudate. Pain is also usually
present (Mowrer 2004).

Phase two, the proliferative phase, occurs approximately 7 days
after injury. This phase includes the utilization of growth factors,
endothelial cells, fibroblasts, new blood vessels and collagen. The
growth factors also generate keratinocytes, which are involved in
re-epithelialization. The inflammatory and proliferation phases usu
ally overlap, with no definitive marker for when one ends and the
other begins. There are four crucial events of the proliferative stage:

1. Angiogenesis is the formation of new capillaries; these capillar
ies tie into loops that bring nutrition and blood to the injured site
(this does not happen in areas of ischemia).

2. Granulation tissue is formed as dead tissue is removed and the
capillary network 'fills in' the space. This tissue serves as a lattice
work for new epithelium to grow on.

3. Fibroblasts lay down a fibrous network in which myofibroblasts
(complete with actin) begin to pull the edges of the wound
together.

4. The wound contracts: keratinocytes begin to migrate across the
wound bed and growth factors act to produce proliferation of
new epithelial growth, also known as re-epithelialization.

In phase three, the remodeling phase, there is no longer an open
wound. During this phase, the connective tissue becomes better
aligned and tensile strength increases. After the re-epithelialization
process has completely covered the wound surface, the maturation
phase begins; this means that the 'new skin' begins to thicken and
mature. The new skin is primarily scar tissue that is formed by rand
omly laid down collagen. This collagen will eventually need to be
'remodeled' so that it can work in conjunction with the surrounding
tissue, i.e. move or become mobile. This process can take up to 2 years
to complete (Stadelmann et aI1998).

Wound classification
Wounds are generally classified according to the predominant
underlying cause. Common categories include arterial insufficiency,
venous insufficiency, pressure ulcers, neurotrophic ulcers, traumatic
wounds and burns. There are several wound classification systems.
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Table 50.1 Wound classification systems

Wound type

Pressure ulcers

Burns

Venous, arterial, and
traumatic wounds

Classification

Stage I

Stage II

Stage III

Stage IV

First-degree

Second-degree

Third-degree

Partial-thickness
Full-thickness

Characteristics
-~ -- --- -------~----------------------------- -

Nonblanchable erythema of intact skin, the heralding lesion of skinulceration

Partial-thickness skin loss involving epidermis and/or dermis; ulcer is superficial and presents clinically
asanabrasion, blisteror hollowcrater

Full-thickness skin loss involving damage or necrosis of subcutaneous tissue that may extend down to,
but not through. underlying fascia; ulcerpresents clinicallyasa deep crater, with or without
undermining of the adjacent tissue

Full-thickness skin loss with extensive destruction, tissue necrosis or damage to muscle, bone or
supporting structures (e.g. tendon or joint capsule)

--- ---- ---- --- ---- --- ~--- -- --- -- -- --- --
Involves the superficial epidermal layer; skin is pinkor red, dry and painful, and sheds within a week
without residual scar

Involves the epidermis and the dermis; wound is immediately blistered and wet, local edema is present;
if superficial, will heal within 2-3 weeks andwill not scar if not infected or unduly traumatized; if
deep, may require skin grafting to achieve optimalhealing

Involves the entire thickness of the skin; wound varies in color from white to black and may present
with darknetworks of thrombosed capillaries that do not blanch with pressure; surface is usually dry,
but may bewet; these wounds require skin grafting for closure if more than 1in (2.54 em) in diameter

Burns arealso designated, at times, bypartial- and full-thickness; first- and second-degree burns are
synonymous with partial-thickness. Full-thickness burns are those in which the entireepidermis
has been destroyed. Parts of the dermis mayalso bedestroyed. along with injury into the
subcutaneous structures

Penetration into the epidermis or into the beginning of the dermis
Penetration into the subcutaneous tissue, muscle or bone

Stage Description

Table 50.2 Wagner classification system of ulcer stages
Table 50.1 presents the classifications systems for pressure ulcers
(Agency for Health Care Policy and Research, AHCPR 1992),burns,
and venous, arterial and traumatic wounds that are not included
in the other classifications. The Wagner (1981) system is another
important assessment tool for the classification of ulcer stages
(Table50.2).

EVALUATING THE PATIENT

o

2

Intact skin

Superficial ulcer involving skin only
---------- --- ---------
Deep ulcerinvolving muscle and, perhaps. bone and joint
structures

The evaluation of a patient with a wound should be completed by a
multidisciplinary team (physician, nurse, physical therapist and
social worker). A nutritionist may also be involved if no other mem
ber of the team assesses these needs. The physical therapist on the
wound-eare team plays an important role and must have expertise in
dealing with the integumentary system. This should not only include
expertise in the active range of motion of all joints, strength, bed
mobility, transfers and gait status but also the classification of
wounds. This information can then be processed to establish a plan of
care that optimizes wound homeostasis and healing. It is important to
remember to treat the patient, not the wound.

When initiating the evaluation, the following elements should be
included (see Forms 50.1,50.2and 50.3):

Obtain a thorough medical history; a patient's past medical history
may predispose them to a nonhealing wound (e.g.diabetes melli
tus or peripheral vascular disease).
Encourage the patient's primary care physician to evaluate the
patient's medical status extensively (e.g. assess blood sugars,
albumin, hemoglobin, wound cultures, if necessary, and
medications).

3 Localized infection;may beabscess or osteomyelitis
------- -------------

4 Gangrene. limited to forefoot area
--- ---- --- --- --

5 Gangrene of the majorityof the foot

,. Assess the patient's physical mobility; contractures may predis
pose a patient to pressure ulcers and immobility limits a patient's
ability to change positions in bedor a chair.

;; Assess the integument. Is it well hydrated? Is there good turgor?
~ Assess nutrition. What and how much is the patient eating?
y Assess the patients support surface. What type of bed, chair and

shoes does the patient use regularly?
.. Review the patient's personal care (hygiene).
'.t Assess peripheral pulses, i.e. ankle brachial pressure index

(ASPI) (see Table 50.3).
•. Assess the wound:

- specific location of the wound;
- size of the wound (length, width, depth);
- wound classification;
- wound odor;
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"-----" ------ --"-----------------------------------
Form 50-1 Sample form for taking a patient history

Physical History

Name: Date: _

Briefhistory: _

i Past medical history:

Major illness:

Cardiovascular:

Pulmonary:

Diabetes mellitus:

Vascular:

Musculoskeletal:

i
! Gastrointestinal:

: Genitourinary:

Hematology:

Neurological:

Coronary disease _
Congestive heartfailure _
Myocardial infarct
Hypercholesterol _
Other _
COPD _
TB _
Other _

Insulin-dependent _
Noninsulin-dependent _
Claudication _
Varicose veins _
Other _

Arthritis _
Fractures _

Peptic ulcerdisease _
Bleeding _
Pancreatitis _
Kidneys _
Bladder _
Other _
Anemia _

Sickle cell anemia _
Bleeding tendency _
T1A Stroke _
Other _

Angina _
Arrhythmia _
Hypertension _

Pneumonia
Asthma _

Rest pain, _
DVT _

Muscle weakness _

Cirrhosis _
Hepatitis _
Other _

Bruisability _

RIND, _

Malignancies: _

Operations: _

Injuries: _

Hospitalizations: _

Medications: _

Allergies: _

Social history:
Occupation _
Smoking _
Alcohol _
Drugs, _

Family history: _

i Family physician: _
: Otherphysicians _

1-----------------------
i COPO, chronic obstructive pulmonary disease; DVT, deep veinthrombosis; RIND, reversible ischemic neurological deficit;TB, tuberculosis; TIA, transientischemic attack.
I

- percentage of necrotic tissue, slough and granulation tissue;
- drainage (amount, odor, color, consistency);
- presence of undermining or tunneling;
- wound color;
- peri wound condition;
- girth measurements (when applicable).

ABPI procedure
ABPIis measured using Doppler ultrasound, a hand-held device that
utilizes sound waves to determine blood flow, and a blood pressure
cuff. This is a quantitative way to measure blood flow without inva
sive testing. With the Doppler ultrasound, a whooshing sound is
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IFor;SO-2Samp~hysical assessment form-- --- -- ------- ---- -- ------ --- --- ---- --~

I

I Physical Assessment
I

General:
Alert _ Oriented _ Height _ Weight _

Irregular _

1 Vital signs:

! Temperature

RN
HEENT:

Normal
I Neck:

ND
Heart:

Regular
Lungs:

Clear
Abdomen:

Tenderness

Pulse. _

Node _

Rhonchi _

Masses, _

Respiration _

Abnormal _

Bruits. _

Rates _

Hernias. _

BP _

Thyroid _

Wheezes _

Organs _

Extremities:
Clubbing _Cyanosis. _Edema _

Other _

Pulses (0-4+ l:
(Rl Radial __ Femoral __ Popliteal __ Dorsalis pedis __ Post-tibial _
(Ll Radial Femoral Popliteal __ Dorsalis pedis __ Post-tibial _

Description of wound: _

Impression: _

Plan: _

_________________________________MD

-- _. - --- -- -_. ----------- -------
BP, blood pressure; HEENT, head, ears, eyes, nose, throat; ND, jugular veindistension; L, left; R. right.

heard, either biphasic (two sounds) or monophasic (one sound). The
ultrasound device should be held at a 45-degree angle to the artery,
against the direction of flow (gel will need to be utilized). The blood
prcssurl' of the brachial artery is taken as 'normal' and the maxi
mum cuff pressure at which the pulse can just be heard with the
Doppler ultrasound is recorded. This is repeated on the lower
extremity (usually the dorsalis pedis). The blood pressure of the lower
extremity is divided by that of the upper extremity to give the ABPI.ln
tho presence of diabetes mellitus, the arteries may be calcified, there
fore the measurements will be altered and unreliable. If this is the
case, an arterio-gram is indicated, If Doppler ultrasound is not
available, pulses will need to be assessed using palpatory skills or
vascular studies.

Types of ulcers
------------------------ ---

In order to intervene appropriately in the treatment of ulcers, it is
crucial to be able to distinguish between the various different types
(Table50.4).

Venous

Venous insufficiency is defined as a disturbance in the forward flow
of blood in the lower extremities that may progress to increased
hydrostatic pressure, venous hypertension and, ultimately, dermal
ulceration (Fig. 50.1). Signs and symptoms of venous disease arc
hemosiderin staining, a purple hue that covers the skin (Fig. 50.2),
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Form 50-3 Sample wound evaluation form

Name: _
Date: _

Pulses: (Rl Post-tibial Dorsalis pedis Popliteal _
(Ll Post-tibial Dorsalis pedis Popliteal _

Location: _

Type of wound: _

Stage: _

Partial/full thickness: _

Size/depth: _

Exposed tendon: _
Exposed bone: _
Color: _

Percent of necrosis: _

Drainage: _

Odor: _

Undermining: _

Periwound condition: _

Assessment: _

Plan: _

coupled with a 'heavy feeling' in the legs and edema. Venous
wounds are usually found in the lower leg in the proximity of the
medial malleoli. These wounds present with large surface areas and
have shallow edges. Many patients will complain of increased pain
with prolonged lower extremity dependence, such as standing or sit
ting, with relief upon elevation of the involved limb.

The wound bed will be wet with a mixture of viable and nonviable
tissues. An ABPI of >0.8 will present in the venous wound, as will
palpable pulses. Palpating pulses in the edematous lower extremity
can be difficult. In this instance, it may be beneficial to seek a nonin
vasive vascular study through the patient's referring physician or
the medical director.
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Patients with venous insufficiency are frequently significantly
overweight. Therefore, it is important to include a weight loss pro
gram or consult a dietician for the comprehensive management of
venous disease.

Table 50.3 Interpretation of ABPI values

The etiology includes valvular incompetence of lower extremity
veins, obstruction of the deep venous system, congenital absence or
malformation of valves in the venous system and regurgitation from
the deep to the superficial venous system via the venous perforators

ABPI

1.1-1.3

0.9-1.1

0.7-0.9

0.5-0.7

<0.5

<0.3

Interpretation

Vessel calcification

Normal

Mild to moderate
insufficiency

Moderate arterial
insufficiency with
intermittent
claudication

Severe arterial
insufficiency, rest pain

Rest pain and gangrene

Possible vascular interventions

ABPI notvalid measure of tissue
perfusion

None needed

Conservative interventions
normally provide
satisfactory wound healing

May perform trial of
conservative care, physician
may consider revascularization

Wound isunlikely to heal
without revascularization,
limb-threatening arterial
insufficiency

Revascularization oramputation

From Myers (2004), with permission.

Table 50.4 Clinical typing of ulcers

Figure 50.1 Venous wound: medial calf, large wet granularwound.

Pressure

Location Bony prominences

Wound appearance Presence of redness, tunneling!
undermining, maceration,
induration, pain and odor;
necrotic tissue may be present

Surrounding skin Erythema; possible induration

Pain Frequent pain

Prevention Education; identify at-risk
patients; improve tissue
tolerance; protect against
pressure

Venous Arterial Neuropathic

Medial aspect lower leg! Between toes, tips of Plantar aspect of foot; metatarsal
ankle; superior to medial toes; around lateral heads; heels; altered pressure
malleolus malleolus; over points; siteof repetitive trauma

phalangeal heads

Irregular wound margins; Pale or necrotic base; Even, well-defined wound margins;
ruddy base (color); granulation absent variable depth; variable exudate;
shallow depth; mode- or minimal; minimal variable extentof necrotic tissue;
rate to heavy exudate; exudate; gangrene! granulation present
granulation present necrosis; infection

Erythema; possible Erythema; possible Erythema; possible induration;
induration; cellulitis; induration; cellulitis cellulitis; callus frequently present
hemosiderin stains

Minimal unless infected Frequently painful Usually painless
or desiccated

Patient education; no Patient education; Patient education; nosmoking; take
smoking; adequate nosmoking; take medications; control diabetes;
nutrition;skin care; medications; avoid cold, moisture, extreme
optimize venous return; diabetes control; temperatures, external heat; daily
take medications; avoid leg crossing, foot care; appropriate footwear
constant compression cold, moisture;

professional foot
care; well-fitting
footwear; pressure
reduction

------~-



that connect the deep and superficial venous systems. Inadequate
pulmonary function will augment the problem because of a weak
'pulmonary pump'. The pulmonary pump functions via deep
breathing, forcing the diaphragm against the abdominal cavity and
increasing the pressure on the venous system, which increases the
flow of blood. Additionally, the deep veins are surrounded by calf
muscles that act as pumps by squeezing the veins and forcing the
blood proximally. Paralysis or atrophy (possibly caused by a seden
tary lifestyle) will impair this pump. This demonstrates the impor
tance of exercise, specifically aerobic exercise, for patients with open
wounds. Failure of the muscle pump is usually coupled with venous
dysfunction, i.e, the veins fail to function and/or the one-way valves
stop working. The veins become distended, with the increased inter
nal pressure from the backflow of blood and subsequent increase in
pressure in the capillaries leading to a 'cuff-like' pressure around the
wound that limits oxygen and nutrients reaching the tissues. Proteins
and fluids migrate out of the vein walls and flood the interstitial tis
sues, leading to edema and hemosiderin staining

The treatment of venous insufficiency involves four major areas: (i)
control of underlying medical and nutritional disorders; (ii) education
of the patient; (iii) control of edema; and (iv) topical therapy to
reduce bacterial load, control drainage and promote granulation tis
sue formation.

Arterial

Arterial insufficiencyis defined as insufficient arterial perfusion of an
extremity or particular location (Fig.50.3). It may be caused by arte
riosclerosis, trauma, rheumatoid arthritis, diabetes mellitus,
Buerger's disease or atherosclerosis. The ABPI will be <0.8, signify
ing arterial involvement. Any edema is localized or can be associated
with an infection.

Pain is a significant symptom associated with arterial insuffi
ciency. The pain may be described as intermittent claudication,

Figure 50.2 Venous wound: significant hemosiderin staining and
edema.
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which is pain during fast/prolonged ambulation or cramping of the
muscles of the lower extremity on climbing many steps. This results
from inadequate blood flow to the musculature of the lower extrem
ity; the muscles begin to cramp, secondary to loss of oxygen perfu
sion and subsequent fuel usage. Ischemic rest pain is another type of
problem that is positional in nature, i.e. during sleeping, when the
legs are flat on the bed, blood flow is decreased, leading to pain. Often
patients will describe a 'pain in my feet (or legs) that wakes me up,
I need to walk around for a little while before it goes away'. Often,
these patients will sleep with their legs dangling over the side of the
bed or even in a recliner to allow gravity to assist with circulation.
A final type of pain that is reported by patients is an intractablepain that
is not managed or decreased in response to analgesia.

There are a few simple tests that can be used to assess perfusion:
(i) check to see whether peripheral pulses are absent or diminished
(the ABPI is a useful measure); (ii) check for a decrease in skin tem
perature; (iii) check for a delayed capillary refill time (more than 3s);
and (iv) check color; is there pallor on elevation or rubor?

The treatment of arterial insufficiencyinvolves seven major focuses:
(i) control any underlying medical and nutritional disorders; (ii)
educate the patient on controlling risk factors, such as smoking, high
blood pressure and cholesterol management, as well as utilization
of proper footwear; (iii) manage the pain; (iv) control edema; (v)
encourage ambulation and/or exercise to tolerance; (vi) use of topi
cal therapy; and (vii) daily skin checks of sensitive areas, especially
toes and feet.

Ulceration and gangrene (Fig. 50.4)are physical representations of
significant peripheral vascular disease (PVD).These types of wounds
require vascular surgery to bypass the blockages in the lower
extremity arterial system and increase blood flow. A physician may
prescribe anticoagulants and other medications to increase blood
flow to the lower extremities; however, this may only be a temporary
solution to the underlying problem.

Figure 50.3 Arterial wound: notecapillary occlusion in great toe
and line of demarcation at the base of the second toe.

Figure 50.4 Arterial wound: significantnecrotictissue involved in
all toes. This resulted in a transmetatarsal amputation.
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Neuropathic

Neuropathic ulcers (also referred to as neurotrophic or diabetic
ulcers) have a direct correlation with peripheral neuropathy. periph
eral neuropathy is defined as an altered function in the extremities
that may involve a diminished or absent sensation in response to
touch, pain or temperature, an absence of sweating, foot deformities
and altered gait and weight-bearing.

Causes of peripheral neuropathy include damage to sensory, motor
and autonomic nerves of the lower extremities. Gradual paralysis of
the intrinsic muscles of the foot leads to muscle imbalances, atrophy
and instability of the foot during stance. This, in turn, leads to increased
pressure and shearing forces on the metatarsal heads of the feet. The
foot itselfcan also change in shape, leading to hammer toes, hallux val
gus or hyperextension of the great toe, all of which change the weight
bearing forceson the plantar aspect of the foot. Patients begin walking
on bones and skin that have never been weighted and/or do not have
sufficient padding to withstand the shearing/pressure forces they are
subjected to.

Additionally, autonomic neuropathy increases the risk of ulceration
secondary to impaired sweating mechanisms, increased callus forma
tion and impaired blood flow. Impaired sweating mechanisms
decrease the elasticity of skin, leading to greater 'overgrowth' of skin or
callous formation and increased pressure at the point of 'overgrowth'.
In tum, the callous formation develops a reduced or altered blood flow,
decreasing the body's ability to heal itself.This affects the bones, result
ing in a loss of calcium from the bone and fractures because of bone
softening. The foot changes shape, often resulting in the appearance of
a 'rocker bottom foot' or Charcot's foot (Figs50.5and 50.6)

Figure 50.5 Neuropathic ulcer and Charcot's foot with hammer
toes and pesplanus deformity or 'rocker bottom'.

The physical examination of the patient should include (i) palpa
tion of peripheral pulses; (ii) notation of skin temperature; (iii) nota
tion of skin color; (iv) assessment of capillary refill (less than 3 s); and
(v) assessment of motor, sensory and autonomic neuropathy.
Clinicians must also determine if the neuropathic ulceration has
exposed (or tunnels down to) bone. In these instances, radiographic
studies will be needed to rule out osteomyelitis. As already noted,
ABPIassessment of the diabetic patient may be unreliable because of
calcification of the arteries.

The treatment of neuropathic ulcers involves six major areas: (i)
control of underlying medical and nutritional disorders; (ii) patient
education; (iii) cessation of smoking; (iv) good control of diabetes;
(v) off-weighting of the affected area coupled with good wound care
to assist in wound healing; and (vi) use of innovative ointments and
procedures to assist with wound healing including growth factors,
synthetic skin grafting and hyperbaric oxygen. At this stage, a refer
ral may be needed to a prosthetist/orthotist for custom-molded
shoes or inserts. Keeping the callus thin by filing or sharp debride
ment will maintain good skin integrity in the periwound skin
and promote contraction of wound edges. Keeping the wound
moist, free from bacterial colonization and devoid of nonviable
tissue are fundamental for the care of diabetic/neuropathic
wounds.

Pressure

Pressure ulcers are a serious problem that can affect patients regard
less of their usual living environments. Pressure ulcers lead to pain,
longer hospital stays and slower recovery. They are defined as lesions
that usually develop over bony prominences and are caused by unre
lieved pressure, resulting in damage to the underlying tissue. The
four main risk factors for developing pressure ulcers are shear, mois
ture, impaired mobility and malnutrition.

The staging system for pressure ulcers classifies the degree of tissue
damage. It is important to note that pressure ulcers do not necessar
ily progress from stage I to stage IV, and they do not heal from stage
IV to stage I, l.e. documenting reverse staging is a misnomer. Reverse
staging implies that the tissue reforms with all of its original com
ponents. New tissue formation is scar tissue and not the normal
epidermis/dermis organization. The treatment of pressure ulcers
involves six major areas: (i) control of underlying medical and
nutritional disorders; (ii) management of tissue loads; (iii) ulcer
care; (iv) topical therapy, i.e, enzymatic/autolytic debridement;

Figure 50.6 Neuropathic ulcer with 'rocker bottom foot'.



(v) management of bacterial colonization and infection; and (vi) edu
cation. In terms of the management of tissue loads, it is paramount in
the treatment of pressure ulcers to keep pressure off the wound bed.
This may seem simple; however, some patients may have difficulty
with this concept, for example patients who are active, must work a
full-time job or have significant infirmities may not be able to effec
tively relieve pressure over their wounds. Patients with heel ulcera
tions (Fig. 50.7) will benefit from pressure relief provided by many
different types of off-weighting boots, such as the multipodus splint
and/or the RIK boot" (KCI Products, Boulder, CO). Paralyzed
patients will need consistent weight-shifting when sitting and lying, as
well as proper cushioning in wheelchairs and mattresses (Fig.SO.8).

Wounds with significant nonviable tissue covering cannot be
assessed for depth or undermining. Therefore, they are documented
as 'depth undetermined, secondary to nonviable tissue, covering
wounds'. Individuals with limited mobility should always be
assessed for additional factors that increase the risk of developing
pressure ulcers. These factors include immobility, incontinence,
nutritional factors and altered levels of consciousness. The multidis
ciplinary team should adopt a validated risk assessment tool such
as the Braden Scale or the Norton Scale (Forms 50.4 and 50.5). The
results recorded on these scales should be documented and used
periodically to reassess the patient's risk.

THERAPEUTIC INTERVENTION

A wide variety of interventions are used by physical therapists to treat
patients with chronic dermal wounds (Tables SO.5 and SO.6). When
physical therapy intervention is utilized, the two primary goals are

Figure 50.7 Leftposterior/lateral heel ulcer. Notethe 100%
nonviable tissue (necrotic) covering.
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(i) to directly amplify the body's natural healing processes, and (ii) to
eliminate factors that block the activity of the body's natural healing
processes.

Hydrotherapy is the oldest known modality of physical therapy
and its use is crucial for the cleansing of wounds. Over the years,
hydrotherapy has taken various forms, such as whirlpools, water
piks and pulsatile lavage. The combination of water, heat and agita
tion is successful in cleansing, softening necrotic tissue, assisting
with the debridement process and removing residues left after the
application of topical agents (see Table 50.6).

Compression therapy is the primary modality used to control
edema (Stillman 2005).Edema is a major factor in the lack of healing
of lower extremity ulcers complicated by venous insufficiency.
Compression devices assist in decreasing interstitial fluid. The pres
sure shift encourages the movement of fluid and proteins from the
interstitial spaces into the veins and lymphatics. Compression ther
apy also increases the efficiency of the muscle pump, as well as
physically approximating the valves of the veins. Compression ther
apy can be provided by a variety of devices including intermittent/
sequential compression pumps, custom-made elastic stockings,
Unna boots, elastic bandages and ready-made elastic stockings. The
goal is to provide sufficient compression to stimulate fluid resorption.
The compression found in elastic garments ranges from 8mmHg to
6OmmHg. Numerous multilayer and multiday (usually 5-7 days)
compression bandages, with a compression approaching 40mmHg,
are on the market today. The challenge for the patient with these
dressings is not to get them wet, i.e. the patient must cover the leg
for showering. Pressures greater than 40mmHg may occlude blood
flow, so caution is necessary if arterial insufficiency is suspected and
the use of compression on arterial wounds is dependent upon the ABPI

Figure 50.8 Right ischial tuberosity pressure ulcer, full thickness.
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Form 50-5 Norton Scale
---------- --- ._--

Physical Mental

condition condition Activity Mobility Incontinent Total score

Good 4 Alert 4 Ambulant 4 Full 4 No 4

Fair 3 Apathetic 3 Walks with help 3 Slightly limited 3 Occasionally 3

Poor 2 Confused 2 Chairbound 2 Very limited 2 Usually (urine) 2

Very bad 1 Stupor 1 Bed 1 Immobile 1 Doubly 1

Name: Date:

From Norton D, Mclaren R, Exton-Smith AN 1962An investigation of geriatric nursing problems in the hospital. National Corporation for the Care of Old
People (now the Centre for Policy on Ageing), London, with permission.

Table 50.5 Therapeutic interventions

Treatment Used for Clinical applications Physiological response

Hydrotherapy/pulsatile lavage Neurotrophic, venous, arterial, Cleanse; debride; soak off dressings Superficial heat/cold; micromassage;
pressure and diabetic ulcers; increased moisture
burns; acute trauma

Ultrasound Neurotrophic, venous, arterial Debride; promote clean wound bed Increase microcirculation; edema
and diabetic ulcers absorption; superficial/deep heat

Compression Venous, arterial anddiabetic Reduce edema Decrease venous hypertension; increase
ulcers; burns venous return

Electrical stimulation Neurotrophic. venous, arterial, Debride; decrease infectionand Increase circulation; bactericidal effects;
pressure and diabetic ulcers; pain; increase circulation; increase fibroblast activity; decrease
burns; acute trauma promote closure edema

Pulsed electromagnetic fields Venous, arterial, pressure and Reduce pain and edema Edema reduction; increase transport of
diabetic ulcers; acute trauma cutaneous oxygen

and the amount of edema. An ABPI should also be performed to rule
out concomitant arterial issues. In general practice, the compression
stocking is donned before getting out of bed and removed before
bedtime. One common problem in the geriatric population is the
inability to pull on the compression stocking. In these cases, compres
sion pumps are a great help in fluid resorption. Compression stockings
should be replaced every 9-12 months, depending upon wash/wear
times, because they tend to lose their compressive qualities over
time. Patients tend to neglect replacing them (usually because of
cost) and this can lead to reoccurrence.

Ultrasound (non-thermal) has been found to be effective in enhanc
ing wound healing, particularly when venous insufficiency is a major
factor. The 3-MHz unit has been proposed to be the most effective fre
quency because most energy is absorbed by the superficial tissues.
Ultrasound has been found to enhance the body's ability to move from
the inflammatory to the proliferative phase of wound healing. It has
also been associated with less dense and more resilient scar tissue.
Ultrasound must be administered through a medium such as a hydro
gel or a hydrogel sheet. The treatment can be administered either along
the periphery or directly over the wound bed (see Table 50.6 for
parameters).

Electrical stimulation has been advocated over the years for the
enhancement of wound healing, regardless of the underlying cause.
Numerous studies have shown the effectiveness of electrical stimu
lation in enhancing wound healing (Baker et a11997, Kloth 2002). In

many studies, high voltage electrical stimulation has been shown to
alter the pH of wound chemistry and facilitate a decrease in inflam
mation. Current protocols result in removal of nonviable tissue from
the wound bed. Unfortunately, the ideal parameters have yet to be
defined and it is therefore best to choose parameters based upon the
desired treatment effect. An alternative protocol. proposed by
Sussman (1998), utilizes the following parameters:

• Settings for the inflammatory phase of healing:
- negative polarity;
- 100-128 pulses per second (pps);
- 100-150V;
- 60 min for 5-7 days/week.

• Settings for the epithelialization phase of healing:
- alternating current: 3 days positive, 3 days negative etc.,
- 64pps;
- 1OD-150V;
- 60 min for 5-7 days/week.

Utilization of a hydrogel-impregnated or saline-soaked gauze as a
wound contact conductor is optimal. Petrolatum-based products will
impede the efficacy of electrical stimulation. The dispersive pad
(which should be larger than the wound-contact pad) should be
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Table 50.6 Treatment suggestions
---~~~--

Hydrotherapy
Whirlpool
Pulsatile lavage

Ultrasound
3MHz pulsed (partial-thickness wounds) and
1MHz (full-thickness wounds)

Compression
Sequential/intermittent

Static

Electrical stimulation (high-voltage pulse current)

Pulsed electromagnetic fields
Thermal
Nonthermal
Acute wound
Chronic wound

10-20minpertreatment session (daily); temperature 92-99°F
10-30 minin entirety, periodic placement of tube throughout the wound; room-temperature
saline solution

0.5-1.5W/cm2 for 1 min/cm2 of wound; pulsed, 20-40%duty cycle; use hydrogel medium or
conductive gel;use over the wound or around the wound periphery

Ideally, patient issupine with lowerextremity elevated; use a pressure at least 20mmHg
below thediastolic reading of the blood pressure taken in the treatment position; treat for
a minimum of 1h; treat in morning if possible; follow with staticcompression wrap

Wrap bandage frommetatarsophalangeal joints to two fingers below the fibula head; be
certain to apply equal pressure; overlap bandage byat least two-thirdswith each wrap;
cover with protective stocking or additional elastic wrap

Initially (-) polarity, 50-80 pps, l00-150V; after fivevisits(or when wound is clean), (+)
polarity, 80-100 pps, l00V; electrode placement: dispersive pad proximal, foil electrode
with saline-soaked or conductive hydrogel pad placed directlyinto the wound

5-minwarm-up (5/10 cycle); 20-mintreatment (10/12 cycle); 5-mincool down (5/10 cycle);
treatonce perday

30-mincycle, cycle 6
45-mincycle, cycle 4; treat once perday

placed proximal to the wound surface. The pads should be placed
close together for shallow wounds and further apart for deeper or
undermining/ tunneling wounds.

Pulsed electromagnetic fields are a relatively new entity in wound
care. Solid-state equipment generates radio waves into the tissues, cre
ating an electricalcharge. The specifications include using radio waves
with a frequency of 27.12MHz. To date, conclusive scientific evi
dence for the efficacy of pulsed electromagnetic fields in wound care
has not been established, although several clinical trials have been
completed in the US (see Table 50.6 for parameters).

Total contact casting is used primarily in the treatment of patients
with neuropathic plantar ulcers that are classified as grades I and II.
The goal of this treatment is to remove weight-bearing forces from
inflamed tissues and immobilize them so that healing can occur.
Following the application of a total contact cast, a patient must be
instructed in partial weight-bearing with an appropriate assistive
device. Generally, these patients have altered sensation, which
makes an exact fit of the cast crucial. The cast is generally reapplied
every 1-2 weeks; however, loosening of the cast, large amounts of
drainage or damage to the cast requires premature removal. In some
cases, a bivalve cast is appropriate. The patient must understand that
the bivalve cast is not to be removed until bedtime.

Currently, there are many skin substitutes available on the market
for increasing the wound healing rate. These skin substitutes have all
of the components of normal skin, including all 21 growth factors,
except for hair follicles and sweat glands. They are applied by a
physician and are accompanied with strict protocols for dressing
changes.

Additional products on the market for the treatment of neuropathic
ulcers are specific mediums containing the dominant skin growth fac
tor (Stillman 2005). These prostaglandin growth factors play a large
role in wound healing. There are currently a few products available,
such as Regranex" (Ortho-McNeil, Somerville, NI), that use topical
application of growth factors. This gel-type medium is an expensive

product but has beensuccessful in speeding up the closure of different
types of wounds. A clean granulating wound bed is necessary to
increase the effectiveness of the gel. Regranex" has biological activity
similar to that of endogenous platelet-derived growth factor, which
includes promoting the chemotactic recruitment and proliferation of
cells involved in wound repair and enhancing the formation of granu
lation tissue.

The woundVA~ (vacuum-assisted closure) device has significantly
decreased the healing time for pressure ulcerations. In this technique,
a special sterile sponge-type dressing is cut slightly smaller than the
diameter of the wound. This is covered with an occlusive riressing and
hooked to a suction unit with a canister/reservoir to collect wound
fluid. The wound VACis then usedto wick all of the air and fluid away
from the wound bed. Blood flow at the wound surface is increased and
the wound edges are pulled together. This author has found it a very
effective adjunct to traditional wound-healing methods (see www.kcil.
com for further information).

All members of the wound-eare team should be aware of the
importance of nutrition and recognize that adequate calories and
protein; vitamins A, C and E; zinc; glucosamine (MacKay &
Miller 2003, Stillman 2005); and the amino acids arginine and gluta
mine (MacKay & Miller 2003) are important for proper wound
healing.

THE ROLE OF EXERCISE IN WOUND CARE

Therapeutic exercise, specifically aerobic exercise, has been found to
have a positive effect on wound healing. Emery et al (2005) found that
1h of aerobic exercise at 70% of the maximum heart rate, three times a
week, increased wound healing in healthy individuals. The mean heal
ing time was 29.2 days in the exercise group compared with 38.9 days
in the nonexercise group. The authors theorized that exercise may
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increase blood flow to the skin and skin oxygen tension. The subjects in
this report were healthy older men and women; the authors admit that
further studies need to be performed on patients with comorbidities.

Finally, it is important for physical therapists/physical therapist
assistants and all medical care providers to treat the patient as a
whole. It is likely that the patient's wound has had other physiolog
ical, musculoskeletal or biomechanical effects that require expertise.
It is important to treat the entire patient, not just the open wound
area. This is ethically correct as well as financially sound.

CONCLUSION

Effective intervention for wound care requires a thorough examina
tion and evaluation and an individualized treatment plan established
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Chapter 51

The insensitive foot
Jennifer M. Bottomley

Absence of pain-warning input

Ulcers occurring at peak pressure sites

Dehydrated inelastic skin

Possible injury

lossof protective sensation

High plantar pressures

Autonomic neuropathy

Risk factor
-----------------~~---~--- .

Table 51.1 Riskfactors in the neuropathic foot
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Introduction
Evaluation of the neuropathic foot
Therapeutic interventions
Conclusion

r"CHAPTER CONTENTS

Previous ulceration or
amputation

Concentration of stress over scar or
lesion

INTRODUCTION Foot deformities Increased local pressures

heel and metatarsal heads result in abnormal weight-bearing patterns
and increased plantar pressures (Lemaster et al2(03). TIssue damage
to the insensitive foot may result from continuous pressure that causes
ischemia or from concentrated high pressure, heat or cold, repetitive
mechanical stress or infection of the tissues (Bottomley & Herman
1992).

Amyotrophic changes result from a lack of nourishment to the
musculature. There is a progressive weakening and wasting of mus
cles accompanied initially by an aching or stabbing pain and result
ing in the total loss of muscle function because of atrophy,
paresthesia, paralysis and loss of sensory input (McGill et aI1996).

Neuropathic arthropathy results from joint erosions, unrecognized
fractures and demineralization and devitalization of the bones and
articulations of the foot. Typically, these changes are caused by routine
weight-bearing activities in the absence of normal protective proprio
ceptive and nociceptive functions of the peripheral sensory system. In
the limb with intact sensation, pain inhibits functional activities and

Insensitivity of the foot is the usual end result of numerous patholog
ical conditions that affect the elderly. Chronic diseases, such as dia
betes mellitus, Hansen's disease, peripheral vascular disease,
Raynaud's disease, deep vein thrombosis, spinal cord injury (e.g.
spinal stenosis, tumors), peripheral nerve injuries, hormonal imbal
ances and vitamin B-complexdeficiencies, result in breakdown of the
microvascular structures and diminution of sympathetic nerve end
ings and somatic sensory receptors, leading to neuropathic conditions
of the foot. These pathologies lead to a decrease in circulatory and
peripheral nerve integrity, which results in edema, discoloration,
diminished skin status, increased pain, absence of sensation and,
ultimately, a decrease in functional mobility (Bottomley & Herman
1992,McGill et al 1996,Birke et al2(02).

Typical warning signs such as changes in gait patterns and pain
associated with foot pathologies are absent in the insensitive foot.
Repetitive stress, coupled with the loss of protective sensation, is a
primary cause of foot ulcerations. The lack of a warning system for
pain and abnormal stress on the plantar surface of the foot predis
poses the neuropathic foot to injury and ulceration (Birke & Sims
1988). However, if the mechanism of injury and the risk factors are
recognized (Table 51.1), foot ulcerations are preventable and treat
able injuries (Bottomley 2(03).

Neuropathic changes in the insensitive foot are a heterogeneous
mixture of disorders that includes progressive distal polyneuropathy,
ischemic mononeuropathy, amyotrophy and neuroarthropathy (Birke
& Sims 1988). A combination of sensory, autonomic and motor neu
ropathies of the foot results in symmetrical or asymmetrical loss of
perception of pain and temperature. Sympathetic denervation can
lead to a progressive mixed-fiber neuropathy with a loss of light touch
and vibratory sensation and motor loss in the intrinsic muscles of the
foot (McGill et aI1996, Birkeet al2(02). Characteristic foot deformities
such as hyperextension of the metatarsophalangeal joints, clawing of
the toes and distal migration of the fibroadipose cushions under the

Neuropathic fractures

Abnormal foot function

High activity level

Vascular disease

Inadequate footwear or
foot care

Visual loss

Poor insulin regulation

Increased plantar pressures and foot
instability

Abnormal load application

Increased cumulative stress

Devitalized tissue susceptible to
injury, poor healing

Decreased protection,
instability, poor hygiene

Inappropriate assessment of
environment, inability to inspect feet

Complications of diabetes
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further trauma to the joints so that the hypertrophic or reparative
phases of callus formation can commence. In the insensate limb, how
ever, the injured part is repeatedly traumatized, leading to increased
hyperemia and resorption of damaged bone (McGill et all996).

Loss of sensation in the joints and bones of the foot predisposes the
neuropathic foot to bony destruction. Midtarsal fractures or dislocations
and hypertrophic bone formation may lead to a Charcot's deformity,
which is the collapse of the foot into a severe rocker bottom foot defor
mity. Charcot's fracture is evidenced by swelling and increased temper
ature in the area of bone involvement (Armstrong et al2003). Oinically,
neuropathic fractures should be suspected in all patients with signs of
inflammation in the absence of an open wound. The differential diag
nosis includes osteomyelitis as well as cellulitis, pyarthrosis and reflex
sympathetic dystrophy

EVALUATION OF THE NEUROPATHIC FOOT

Regular and comprehensive screening of the neuropathic foot is
essential for early identification of risk factors that may predispose
an elderly individual to injury (Form 51.1). The foot screening evalu
ation is a brief examination to identify the history of any previous
ulceration, motor weakness, sensory dysfunction or deformity that
might predispose the foot to local areas of high stress. Circulatory
status, color, temperature, general condition and the presence of
edema or skin lesions should be assessed. Based on the foot screen
ing evaluation, the relative risk of foot complications can be deter
mined for each individual (Bottomley 2004). A risk classification
scheme (Box 51.1) identifies individuals most likely to benefit from
protective footwear and education.

Box 51.1 Risk classification

o Noloss of protective sensation
1 Loss of protective sensation with nodeformity or history

of ulcer
2 Loss of protective sensation with deformity but no his

tory of ulcer
3 Loss of protective sensation with history of ulceration

Evaluating sensation and neurological involvement

The level of sensory loss that places an individual at risk for foot
injury is referred to as loss of protective sensation. The use of nylon
monofilaments calibrated to bend at 10g of force (Semmes
Weinstein monofilaments) is a precise method of determining loss of
sensation. The inability to feel a monofilament of 5.07 g has been
determined to be the level at which loss of protective sensation
occurs (Birke et al 2(02). The Semmes-Weinstein monofilaments
have been found to be a reproducible and accurate way to test sen
sation, and can reliably predict which individuals are at risk for
ulceration because of the loss of protective sensation. The Carville
group, of the G.W. Long Hansen's Disease Center in Carville, LA,
measured protective sensation using the Semmes-Weinstein
monofilaments and found that individuals who could not feel the
5.07-g monofilament were at greater risk for skin breakdown than

those who could. Standardization of sensory testing is crucial in
evaluation so that adequate protective measures can be taken to pre
vent feet that are at risk from developing ulcers (Birke et al 2002,
Coleman et al 2(03). Specific evaluation of the entire plantar surface
of the foot determines areas of sensory loss that are vulnerable to
breakdown (Birke & Sims 1988, Birke et al 2(02). Vibratory and tem
perature sense are diminished very early in the process of peripheral
vascular disease, which compromises proprioception, kinesthesia
and awareness of temperature gradients.

The neurological examination requires a reflex hammer, a tuning
fork (128 cycles per second) and Semmes-Weinstein filaments. Testing
for vibratory, proprioceptive, temperature and protective sensation
should be done with the patient's eyes closed. The boundaries of any
hyper- or hypoesthesias should be distinguished and it should be
determined whether these patterns are symmetrical or asymmetrical.
The absence or presence of sweating should also be noted. Reflexes to
be tested include the patellar reflex and the ankle jerk. As the ankle
jerk is increasingly difficult to elicit with increasing age, it may
appear to be absent. To aid this reflex, gently pronate and dorsiflex
the foot to put tension on the Achilles tendon and gently tap the ten
don. The Babinski reflex can be tested to determine whether there is
a superficial plantar response. To determine if there is clonus, forcibly
dorsiflex the foot at the ankle. To test for loss of balance, the stance of
the individual with eyes closed and feet close together should be
compared with that when the eyes are open (Romberg's sign)
(Bottomley & Schwartz 1995).

Muscle strength should be tested in all lower extremity muscles
using a graded manual muscle test. Again, symmetry should be
noted. Gait evaluation is a helpful adjunct to muscular evaluation
to determine unsteady gait patterns, foot-drop or the presence of
a 'steppage' gait. Range of motion and joint mobility should be
evaluated and any deformities (e.g. Charcot joints, hammer, claw or
mallet toes, hallux abductus valgus) should be noted; these abnor
malities are usually indicative of intrinsic foot muscle weakness.
Trophic nail changes should also be evaluated (Bottomley & Herman
1992).

Evaluating circulatory status
---------- ----

Vascular evaluation should include the palpation and grading of the
femoral, popliteal, dorsalis pedis and posterior tibial pulses and the
observation of other clinical signs and symptoms indicating vascular
compromise in the lower extremities. These include intermittent clau
dication, foot temperature (i.e, cold feet), nocturnal pain, rest pain, noc
turnal and rest pain relieved by dependency, blanching on elevation,
delayed venous filling time after elevation, dependent rubor, atrophic
skin, absence of hair growth and presence of gangrene. Any lesions or
areas of hyperkeratosis or discoloration should be observed and docu
mented (Bottomley 2003).

To differentiate an organic disorder, such as blockage of the lumen
of the vessel, from a vasospastic condition, temporary dilation of the
vessel in question is a useful vascular test. This is accomplished by
using an arterial tourniquet for 3 min and then releasing it. The per
fusion distal to the tourniquet should increase if the condition is
caused by vasospasm (Bottomley & Schwartz 1995).

A determination of blanching and filling times is accomplished
using the Buerger-Allen vascular assessment (see Forms 51.2-51.4). A
stopwatch is used to measure the time it takes the veins in the dorsum
of the foot to fill with blood after they have been drained by elevating
the leg; this is a means of appraising the general circulation in the foot.
The arterial blood being pumped into the dependent leg diffuses into
the arterioles, the capillaries and the venules and then into the veins
of the foot. The time of venous filling is subject to several variables: the
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. Form 51.1 Foot-screening evaluation guide

Date: _

(describe) _YesNo

Name: _
Address: _
Phone: () _

Sex: _ Date of birth _

Language or communication problems:
Primary doctor/podiatrist:
Address: _

Phone: (l----------------------------------------

Subjective data
Medical history: _

1. Do you have: • Arthritis _

• Circulatory problems _
• Heart disease _

• Diabetes mellitus _
• Kidney problems _
• High blood pressure _
• Foot problems _
• Eye problems _
• Thyroid problems _
• Hearing problems _
• Vertigo _

• Dizziness _

• Fractured (Fx) hip _

2. Did you have an injury in the:
Left leg Right leg

Sprain Fx Sprain Fx
No

Yes Hip
Knee
Ankle
Foot
Back

3.Are you experiencing any leg pain?
Left leg Right leg

No

Yes Hip
Knee

4. Are you experiencing anyfoot pain?
Left leg Right leg

No

Yes Aching
Burning
Stabbing
Nail pain
Shoe pain
Metatarsal
heads
Toes

(Continued)
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----_.

Left leg Rightleg

When standing
When walking
When wearing shoes
In the morning
In the afternoon
At other times (describe)

No Yes
No Yes Cane

Walker
Crutches
Other

e

e block Two blocks Five blocks 1 mile Unlimited

ckings)

Left foot Rightfoot

Unacceptable Acceptable Unacceptable Acceptable
ot?
a good fit?
oes? Short Short

Lonq LOrlQ
Narrow Narrow
Worn down Worn down

I

ral counter

I
Left foot

I
Rightfoot

I
Left foot Rightfoot

II III IV V I II III IV V

(Continued)

DescribYesNo

Heloma duram

• Corns Metatarsal heads
Heloma molle

Shear

• Ingrown toenails
• Involuted nails

Taylor
HAV

• Nail tro hiechan es

IPK
Sub

Shoe wear: Hee
Sole
Late

Cleanliness of fo
Socks/stockings
Proper fitting sh

• Calluses Spin
--::P+-in-c~h----+--

• Bunions

Pain increased:

7. Problems

4. Distance ambulated? Home On
5. Regular exercise? No Yes
6. Examination of feet (remove shoes and sto

3. Falls?

1. Ambulates without assistance?
2. Ambulates with assistive devices?

I Objective data
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Circulatory problems
DPP: 0 PTP: 0 DPP:O PTP: 0

1+ 1+ 1+ 1+
2+ 2+ 2+ 2+
3+ 3+ 3+ 3+

Toe ciubbinq
Toe deformities: Hammer

Claw
Mallet
Overlap
Hallux

I II III IV V I II III IV V

Left leg Right leg

• Foot/ankle deformities
• Dermatitis (PI) fungus infection
• Dry scaly skin

• Edema Foot
Ankle

•
•

•

Extrerni

• Infection (describe):

• Other:

Foot screening evaluation

(Continued)
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Comments:

Assessment

Recommend: • None
• Refer to orthotics clinic date: Time:

• Refer for shoes

• Refer to pediatrist

• Refer to podiatrist

• Educated in:

• Orthotics fabricated: Date: Time:

• 2-monthfollow-up: Date: Time: _

• 6-month follow-up: Date: Time: _
-~- -- --- ---- ---- -----

DPP. distal pedal pulse; HAV, halluxabductus valgus; IPK, interphalangeal keratosis; IP, interphalangeal; PTP. posterior tibial pulse
---------

arterial blood pressure, the caliber of the arteries, the volume of blood
reaching the capillary bed of the foot with each thrust of the heart and
the rate of venous return. A filling time of up to 20 s indicates reason
ably good collateral circulation. A venous filling time of longer than 20
s is indicative of a compromised peripheral vascular system and
venous insufficiency (Bottomley 2003).

The rubor of the skin should be noted. Dependent rubor is the red
dish-blue color of the toes and forefoot caused by reduced blood flow
in the capillaries. When there is diminished arterial flow, the peripheral
resistance drops with arteriocapillary dilatation and maximum oxygen
extraction by the tissues and, with dependency, this is exaggerated. The
actual degree of rubor can be noted when measuring venous filling
time. Maximum rubor is usually evident within 2-3 min; it manifests as
a dusky red color when severe ischemia is present (peters et al2oo1).

The evaluation of skin temperature and circumferential measure
ments are two other means of assessing circulatory insufficiency and
determining whether inflarrunation and infection are present. Skin tem
perature measurements are useful if the circulatory problem is asym
metrical, although test results may be variable because of ambient
temperature. In an individual with peripheral vascular disease, the
extremities are often cool to the touch and, in the presence of infection,
there may be hot spots. The use of a skin temperature monitoring
device to obtain precise temperature measures is helpful, although the
therapist can also evaluate skin temperature by touch, rating it as cold,
cool, warm or hot (Bottomley 2003).Circumferential measurements of
the lower leg and foot also aid in the assessment of an individual with
peripheral vascular pathology. Edema is often present when the
peripheral vascular system is involved because of the inability of the
vessels to efficiently remove waste materials from the interstitial tis
sues. This edema will increase in the dependent position because of
gravity. Determination of circumference can be accomplished using
Jobst measurement tapes (free from local vendor) to measure around
the metatarsal heads, the mid foot, in a figure of eight around the

ankle, and in 3in (7.62cm) increments up the lower leg, from the
malleolar level to the subpatellar level. Another means of determining
the degree of edema is by volume displacement; this is achieved by
measuring the amount of water that is displaced upwards when the
lower extremity is submerged in a bucket of water (using a ruler taped
to the inside of the bucket). This method provides an objective and
reproducible means of assessing edema in the lower extremity
(Bottomley & Schwartz 1995).

Evaluating wound status
------------

In the presence of foot lesions, it is helpful to grade the lesion for
objective monitoring. Wagner's classification grades the risk of ulcer
ation as a result of sensory loss as follows:

Grade 0 foot: the skin is without ulceration; no open lesions are present
but potentially ulcerating deformities, such as bunions, hammer
toes and Charcot's deformity, may be present; healed partial-foot
amputations may alsobe included in this group.

Grade 1 foot: a full-thickness superficial skin loss is present; the lesion
does not extend to bone; no abscess is present.

Grade 2 foot: an open ulceration is noted, deeper than that of grade 1;
it may penetrate to the tendon or joint capsule.

Grade 3 foot: the lesion penetrates to bone and osteomyelitis is present;
joint infection or plantar fascial plane abscess may alsobe noted.

Grade 4 foot: gangrene is noted in the forefoot.
Grade 5 foot: gangrene involving the entire foot is noted; this is not

salvageable by local procedures.

In the presence of an ulceration, objective documentation of wound
size is best accomplished by tracing the wound on sterilized X-ray film
or by photographing it on line-graphed film. This is helpful in the
monitoring of any improvement or decline in wound status (McGill
et aI1996).
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~Form 51.2 Buerger-Allen Initial Evaluation forma.

i
!

PATIENT: AGE: SEX: RM no.: _
DIAGNOSIS: Physician: _

DATE INITIAL EVALUATION: Therapist: _

APPEARANCE:

SKIN INTEGRITY:

SKIN TEMPERATURE:

EDEMA PRESENT:

RIGHT LEG

00 +10 +20 +30

Signature
LEFT LEG

00 +10 +20 +30

Left

Modified Yes/no

Dependent _Horizontal

Right

00 +10 +20 +30 00 +10 +20 +30
00 +10 +20 +30 00 +10 +20 +30
00 +10 +20 +30 00 +10 +20 +30
00 +10 +20 +30 00 +10 +20 +30

o PRESENT o PRESENT
o DIMINISHED o DIMINISHED
o ABSENT o ABSENT

10 20 3D 40 10 20 3D 40
10 20 3D 40 10 20 3D 40
10 20 3D 40 10 20 3D 40
10 20 3D 40 10 20 3D 40
10 20 3D 40 10 20 3D 40
10 20 3D 40 10 20 3D 40
10 20 3D 40 10 20 3D 40
10 20 3D 40 10 20 3D 40
10 20 3D 40 10 20 3D 40
10 20 3D 40 10 20 3D 40

DEFORMITIES: Right Left
Hammer/claw:
Bony prominence:
Drop-foot:
Charcot's foot:
Hallux limitus:
Rear/forefoot varus:
Plantar flexed first:
Equinus:
Amputation:

Describe _
Describe _

Left

Protective sensation:

Dorsum:
Plantar digit 1:
Plantar digit 3:
Plantar digit 5:

Metatarsal head 1:
Metatarsal head 3:
Metatarsal head 5:

Proximal head 3:
Arch:
Heel:

o Special
o Inadequate

Elevated _

Vibratorysense:

o Metatarsal heads
o Arch
o Ankle
o Supramalleolar
o Mid-calf
o Subpatellar

Dorsal pedalis

Post-tibialis

Popliteal

Femoral

Anterior tibialis:
Extensor hallucis longus:
Flexor hallucis longus:
Posterior tibialis:
Peroneus lonqus:
Gastrocnemius/soleus:
Intrinsics (strong/weak/
atrophied)

FOOTWEAR:

Right
STRENGTH:

1 = 0.1 g (4.17 for normal)
2 = 109 (5.07 protective sense)
3 = 75 g (6.10 loss protective sense)
4 = Noprotective sensation

PULSES:

SENSORY TESTING:

CIRCUMFERENTIAL:

o Standard
o Adequate

Blanching/filling times: _

TREATMENT RECOMMENDATIONS:b
o Buerger-Allen exercises Cycles Times/day _

~
0 Patient education 0 Skin care 0 Footwear 0 Orthotics

a Buerger-Allen evaluation form created by: JenniferM. Bottomley, PT, MS,PhD e 1996
b Refer to Buerger-Allen treatment flow sheetfor initial blanching/filling times etc.
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RIGHT LEG 
APPEARANCE: 
SKIN INTEGRITY: 
SKIN TEMPERATURE: 
EDEMA PRESENT: 0 0  +10 + 2 0  1 3 0  

Form 51.3 Buerger-Allen Follow-up Evaluation forma. 
- - ~ . .. -. . . - . . .  

LEFT LEG 

0 0  + I 0  +20 + 3 0  

Right 0 Metatarsal heads 
0 Arch 
0 Ankle 
0 Supramalleolar 
0 Mid-calf 
0 Subpatellar 

CIRCUMFERENTIAL: Left 

PULSES: Dorsal pedalis 
Post-tibialis 
Popliteal 
Femoral 

SENSORY TESTING: Vibratory sense: 

Protective sensation: 

Dorsum: 
Plantar digit  1 : 
Plantar d ig i t  3: 
Plantar d ig i t  5: 

Metatarsal head 1 : 
Metatarsal head 3: 
Metatarsal head 5: 

Proximal head 5: 
Arch: 
Heel: 

Right Left 

1 = 0.1 g (4.17 f o r  normal) 
2 = 10 g (5.07 protective sense) 
3 = 75 g (6.10 loss protective sense) 
4 = N o  protective sensation 

STRENGTH: 

I Anterior tibialis: 
Extensor hallucis longus: 

lntrinsics (stronalweakl . <. I atrophied) 1 

0 0  + 1 0  + 2 0  + 3 0  
0 0  + 1 0  + 2 0  + 3 0  
0 0  + I 0  +20 + 3 0  
0 0  + I 0  $ 2 0  + 3 0  

0 PRESENT 
0 DIMINISHED 
0 ABSENT 

1 0  2 0  3 0  4 0  
1 0  2 0  3 0  4 0  
1 0  2 0  3 0  4 0  
1 0  2 0  3 0  4 0  
1 0  2 0  3 0  4 0  
1 0  2 0  3 0  4 0  
1 0  2 0  3 0  4 0  
1 0  2 0  3 0  4 0  
1 0  2 0  3 0  4 0  
1 0  2 0  3 0  4 0  

0 0  +lo + 2 0  + 3 0  
0 0  + I 0  + 2 0  + 3 0  
0 0  + I 0  + 2 0  + 3 0  
0 0  + I 0  + 2 0  + 3 0  

0 PRESENT 
0 DIMINISHED 
0 ABSENT 

1 0  2 0  3 0  4 0  
1 0  2 0  3 0  4 0  
1 0  2 0  3 0  4 0  
1 0  2 n  3 0  4 0  
1 0  2 0  3 0  4 0  
1 0  2 0  3 0  4 0  
1 0  2 0  3 0  4 0  
1 0  2 0  3 0  4 0  
1 0  2 0  3 0  4 n  
1 0  2 0  3 0  4 0  I 

DEFORMITIES: Right Left 
Ham merlcla w : 
Bony prominence: 
Drop-foot: 
Charcot's foot: 
Hallux limitus: 
Rearlforefoot varus: 
Plantar flexed first: 
Equinus: 
Amputation: 

FOOTWEAR: 0 Standard 0 Special Describe 
0 Adequate 0 Inadequate Describe 

TREATMENT RECOMMENDATIONS:~ 
0 Buerger-Allen exercises Cycles Times/day Modif ied Yes/no 

- -. 0 Patient education O S k i n  care 0 Footwear 0 Orthotics 
. -  

' Buerger-Allen evaluation form created by: Jennifer M. Bottomley, PT, MS, PhD @ 1996 
Refer to  Buerger-Allen treatment flow sheet for initial blanching/filling times etc. 
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THERAPEUTIC INTERVENTIONS

Preventive management
A management plan for the neuropathic foot patient is based on the
risk classification scheme (Box51.1).Patients in risk categories 1-3 are
educated in foot inspection, skin care and selection of footwear.
Footwear recommendations depend on the level of risk and the spe
cificneeds of each individual. For example, patients in category 1ben
efit from shoes with leather (or other compliant material) uppers and
a toe-box that accommodates the shape of the foot. Acushioned insole
may be added. Patients in categories 2 and 3 may need customized
insoles and shoe modifications that are appropriate for their defonni
ties (Bottomley & Herman 1992). Once a patient is assigned a level of
risk through the screening process, a program of routine follow-up is
recommended: once a year for category 0 patients, biannually for cat
l'gory 1 patients, l'very 3 months for category 2 patients, and monthly
for those in category 3.

Treatment of plantar ulcers
The treatment of choice for plantar ulcers is the total contact cast
(Coleman et aI1984). In this casting technique, foam padding encloses
the toes; felt pads provide protection over the malleoli, tibial crest, pos
terior heel and navicular tuberosity;and local padding provides reliefat
the ulcer site.The initial cast should be changed within the first week as
edema resolves, to prevent injury because of an improper fit. The effec
tivenessof walking casts in healing diabetic and non-diabetic foot ulcers
has been demonstrated in numerous studies. Walking casts promote
plantar wound healing by (i) reducing plantar pressures, (ii) reducing
leg edema, and (iii) protecting the area from traumatic reinjury
(Bottomley & Herman 1992,Coleman et al 2003, Lemaster et al 2003,
Bottomley 2004).

Not every patient will accept, or is a candidate for, a walking cast.
lntection and fragile skin are contraindications to casting and, in these
cases, alternatives should be used. A walking splint is a posterior cast
secured to the leg by an elastic wrap. The shell is made of plaster rein
forced by fiberglass taping, and relief for the posterior heel and plan
tar lesion is provided by adhesive backed padding (Coleman et al
2(03). The ulcer-relief (cut-out) sandal is another device that can be
used as an alternative to casting. The foot bed of molded plastazote is
cut out or cut in relief to reduce pressure beneath the plantar lesion
(Coleman et al 2003).

Prevention and treatment
A major challenge is to prevent re-ulceration, The patient must be
provided with temporary protective footwear at the time of healing
and be given protective footgear following the healing of the ulcera
tion. The patient is gradually allowed to resume activities, avoiding
those that may have contributed to the ulcer formation, A sandal
molded from thermoplastic materials is an acceptable device during
this critical period. Individuals who resume activity too quickly after
a period of casting or other immobilization with protective footwear
are at risk of developing a neuropathic fracture. The best way to
monitor infections is by comparing the temperature between the
involved and uninvolved foot. Temperatures increase by as much as
1°f(17.22°C) because of stress-induced inflammation. A skin-surface
temperature monitor can by employed to evaluate differences in
temperature between the inflamed area and the non-inflamed areas
of the foot. The patient must be aware that the first evidence of injury
to the bones of the foot is swelling and warmth (Birke et al 2002,
Bottomley 2(03).

Figure 51.1 Buerger-Allen protocol: legs elevated.

When the ulcer site is fully healed, footwear is progressed to mod
ified shoes fitted with accommodative orthotics. With mild deformi
ties, molded insoles are added to extra-depth shoes or sneakers. For
healed forefoot ulcers, a rocker sole is applied to the sole of the shoe
to assist with push-off. If the foot is significantly shortened or
deformed, custom shoes may be required. Custom shoes are made
by pedorthists or orthotists over plaster models of the patient's feet,
and extra depth is incorporated into the shoe to accommodate a soft
molded interface beneath the foot (Bottomley & Herman 1992, l'raet
& Louwerens 2003).

Charcot fractures often result in serious deformities of the foot.
Acute Charcot fractures may require surgery or long periods of
immobilization in a cast; temperature monitoring is also required.
The length of time of casting and immobilization depends on the
individual rate of healing. Custom shoes are prescribed when then'
is no longer a difference in skin temperature between the fractured
and the uninvolved foot (Coleman et al 2003).

Buerger-Allen exercise protocol
Buerger-Allen exercises are performed according to the protocols dis
played in Figs 51.1-51.3 (Bottomley 2oo3).The individual lies supine
with the legs elevated at an angle of 45 degrees until blanching occurs
or for a maximum of 3 min (Fig. 51.1).Active pumping and circling of
the feet and isometric quadriceps and gluteal contractions are per
formed for the first minute or more in the elevated position. Once the
blanching has occurred, the subject sits up and hangs the lower leg
over the edge of the bed (Fig. 51.2).While the legs are in the depend
ent position, the individual is encouraged to actively plantarflex, dor
siflex and circle the foot. This position is maintained for a minimum of
3 min or until rubor has occurred. Finally, the individual lies supine
with the lower extremities flat for 3 min (Fig. 51.3).Again, active con
traction of the leg muscles is perfonned for at least 1 min in this posi
tion. It is important to note that, in the presence of severe physiological
compromise of the cardiovascular system, it is recommended that the
supine position be assumed between the elevation and dependent
phases, as well as between the dependent and elevation phases, to pre
vent the consequences of orthostatic hypotension. The entire sequence
is repeated three times in each session. Buerger-Allen exercises should
beperformed twice a day for maximum benefit. If peripheral neuropa
thy is present and active muscle contraction is not possible, the clini
cian can passively plantarflex and dorsiflex the foot in each of the
respective positions to increase blood flow, which is facilitated by the



Figure 51.2 Buerger-Allen protocol: legs dependent.
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neuropathy.

CONCLUSION
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to good care is a proper evaluation, which leads to appropriate ther
apeutic intervention. Several evaluation tools have been presented
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INTRODUCTION

As the skin ages, many structural and functional changes take place.
These alterations include a flattening of the dermal-epidermal junc
tion and, in the epidermis, a 20-50% decrease in the number of
Langerhans cells, which are responsible for immune recognition, a
decrease in the number of melanocytes, which are responsible for pro
tective pigmentation, and a variation in the size and shape of ker
atinocytes (Yaar & Gilchrest 2(01). The dermis is characterized by a
decrease in thickness cellularity, a decrease in vascularity and a
degeneration of elastic fibers. Photoaging, which results from chronic
exposure to ultraviolet radiation, potentiates the average 20% age
related loss of dermal thickness. The numbers of mast cells, fibrob
lasts and specialized nerve endings are also diminished. Between the
ages of 10 and 90 years, about one-third of the cutaneous sensory
nerve-end organs are lost, which may contribute to a 20% increase in
the cutaneous pain threshold. In general, the hair follicles and seba
ceous glands, as well as eccrine glands, decrease in number. During
adulthood, there is a 15% loss of eccrine glands and a diminished out
put by the remaining glands, which, compounded by the reduced
cutaneous vascularity, increases the risk for heatstroke, especially in
dry heat. The loss of hair bulb melanocytes accounts for the graying of
hair, which is substantial in SO% of individuals by the age of SO.
Subcutaneous fat, an insulator that helps with thermoregulation,
provides shock absorption and protects the body from trauma,
decreases with age. The body's overall proportion of fat, however,

usually increases and is redistributed to the thighs and abdomen
(Merck 2000).

Functional changes in aging skin include altered permeabil
ity, diminished sebum production, decreased inflammatory and
immunological responsiveness, and attenuated thermoregulation
with decreased sweating. Wound healing and sensory perception are
impaired, elasticity is reduced and vitamin D production is decreased.
In addition to these normal changes, known as intrinsic aging, addi
tional changes take place in response to cumulative ultraviolet irra
diation; this is called photoaging. These changes include atrophy of
the epidermis, epidermal dysplasia and atypia, a further decrease in
the number of Langerhans cells, increased and irregular distribution
and activity of melanocytes, dermal elastosis (deposits of abnormal
elastic fibers) and further decreases in inflammatory and immuno
logical responsiveness.

GENERAL PRINCIPLES

When evaluating a patient with a skin disorder, it is important to ascer
tain which topical home remedies and other products, such as alcohol
or detergents, are being applied, as these products often exacerbate
the primary skin condition. It is essential to take a full medical his
tory, with particular emphasis on medications. The chronicity of the
condition and whether others in the patient's environment have a
similar condition may also provide clues to the diagnosis (Fitzpatrick
et aI1998).

Management of skin conditions must be tailored to the patient's
physical capabilities and circumstances. Limitations in movement of
the geriatric rehabilitation patient can make application of topical
treatments difficult, and remedies commonly used in younger
patients, such as oil in bath water, may be quite dangerous for the
elderly. To avoid errors, treatment regimens should be as simple as
possible. Moreover, the elderly are two to three times more likely to
experience adverse reactions to antihistamines and corticosteroids,
drugs frequently used to treat skin disorders. These drugs should be
prescribed reluctantly and always with clear written instructions.

Most dermatological agents are applied topically, and the choice
of a base for the active ingredient is important. Ointments, greasy
preparations containing little water, are most useful for treating con
ditions in which the skin is dry, scaly or thickened. In general, a med
ication in an ointment base is better absorbed, and therefore more
potent, than the same medication in a cream or lotion vehicle.
Creams, semisolid emulsions of water in oil, are more cosmetically
appealing but can be drying and are thus useful for treating exudative
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conditions. However, most creams contain stabilizers or preserva
tives that can induce allergic sensitization. Lotions, usually suspen
sions of fine powder in an aqueous base, are useful in the evaporative
cooling and drying of the skin and are preferred on hair-bearing
areas because of their ease of application. Powders are useful for
absorbing moisture from weepy or intertriginous skin. Soaks and
compresses, which are very drying as they evaporate, are soothing
and thus appropriate for highly exudative and vesicular lesions.

Topical steroid medications are commonly used in the treatment
of dermatological conditions. Numerous preparations are available,
which are classified by their potency. This chapter offers guidelines
as to the appropriate potency of topical steroids to use for the vari
ous conditions discussed; however, certain basic principles should
be emphasized. Overuse of topical steroids can result in local side
effects of skin atrophy, telangiectasia, hypopigmentation and tachy
phylaxis. The higher the potency of the drug and the longer the
duration of use, the greater the risk. Only mild-potency topical
steroids should be used on the face, genitalia and intertriginous
areas. Finally,application of topical steroids over a large area of the
body results in systemic absorption, which can lead to possible adre
nal suppression and other sequelae.

TREATMENT OF INFECTIONS

Viral infections

Herpes simplex

Ilerpetic infection appears clinically as grouped vesicles on an ery
thematous base (Elgart 2(02). Vesicles can become pustules and
eventually crusts and erosions, with a characteristic punched-out
appearance. Herpes simplex virus (HSV) infection can be accompa
nied by pruritus, burning or pain. The diagnosis can be confirmed
either by the presence of multinucleated giant cells on a Tzank smear
or by viral culture. Herpes simplex eruptions can be either primary
or secondary; secondary eruptions can be provoked by stress, infec
tion, trauma or ultraviolet radiation. They are most commonly seen
in the perioral and anogenital regions, although they can be seen in
any location. Herpetic whitlow is a herpes simplex infection of the
finger, classically seen in healthcare workers as a result of inocula
tion by a patient's lesions. In the immunocompetent host, HSV is a
self-limited infection that does not necessarily require treatment; this
is often the case with perioral herpes. If treatment is desired, as in
genital herpes, 200mg of oral acyclovir five times a day is effective
(treat for 10 days for primary infection,S days for recurrent infec
tion). When indicated, acyclovir can be used for the chronic suppres
sion of HSV (400mg twice a day). A severe herpes simplex infection
in an immunocompromised host should be treated with 5 mg/kg of
intravenous acyclovir every 8h until resolution.

Herpes zoster

Otherwise known as shingles, herpes zoster is an acute eruption
caused by a reactivation of latent varicella virus in the dorsal root
ganglia. Although it may occur at any age, elderly patients are at
greater risk (Elgart2(02).Other, often additive, factors that predispose
to zoster include immunosuppressive drugs, corticosteroids, malig
nancies, local irradiation, trauma and surgery. A common sequela of
herpes zoster infection is postherpetic neuralgia, for which the inci
dence, duration and severity increase with age. Other complications
include encephalitis, ophthalmic disease when the first branch of the
trigeminal nerve is involved, facial paralysis and taste loss when the

second branch of the trigeminal nerve is involved (Ramsay-Hunt
syndrome), motor neuropathies, Guillain-Barresyndrome and urinary
or fecal retention when sacral nerves are involved.

The clinicalpresentation of herpes zoster infection is sometimes pre
ceded by prodromal symptoms of pain, pruritus or paresthesia along
the affected dermatome. Fever, chills, malaise and gastrointestinal
symptoms can also occur. Usually, red papules appear along a der
matome within 3 days. These rapidly progress to grouped vesicleson
an erythematous base that may become hemorrhagic vesicles or pus
tules. After about 5 days, the vesicle formation ceases and crusts form.
Gradual healing occurs over the next 2-4 weeks, sometimes resolving
with pigmentary disturbances or scarring. Disseminated herpes
zoster infection can occur in patients with underlying malignancy or
immunodeficiency. This is a potentially life-threatening infection that
requires hospitalization and intravenous acyclovir (1Q-12mg/kg
every 8h).

Not all cases of herpes zoster require treatment. If treatment is to be
instituted, it should be started within 72h of the onset of symptoms.
Two antiviral drugs are currently available: 800mg of acyclovir five
times a day (Beumer et al 1995) for 7-10 days (note that a much
higher dose is needed than for herpes simplex) or 500mg of farncy
clovir three times a day for 7 days. Other antivirals are currently
undergoing testing. Antiviral therapy has been shown to hasten the
resolution of the acute disease; however, its role in decreasing
the incidence of postherpetic neuralgia is controversial. In addition,
the use of systemic steroids has been in and out of favor in recent
years. Certainly, antiviral therapy has a more favorable side-effect pro
file and, if systemic steroids are prescribed, they must be used with
care in the elderly. Topical soaks with an astringent solution such as
Burow's solution (aluminum acetate) can help dry up vesicles and
soothe the affected area. Analgesics are commonly required. It should
be kept in mind that vesicle fluid is contagious to those who have
never had varicella and to immunocompromised individuals. Thus,
caregivers should wear gloves to avoid direct contact with the
lesions and pregnant women should also avoid contact. Once the
lesions have crusted over, they are no longer infectious.

Fungal infections
Superficial fungal infections may be caused by yeast or dermato
phytes. Deep fungal infections of the skin are rare and occur mainly
in severely immunocompromised patients. They will not be dis
cussed here.

Tinea

Tinea, the name given to superficial dermatophyte infection of the
skin, is further classified by anatomical location: tinea pedis (foot),
tinea cruris (groin), tinea manuum (hand), tinea corporis (body) and
tinea unguiurn or onychomycosis (nails). Tinea cruris characteristi
cally spares the genitalia, as opposed to candidiasis, in which the scro
tum and penis in men and the vulva in women are usually involved.
Tinea capitis, or fungal infection of the scalp, is rare in older adults.
Heat and moisture predispose to fungal infection. Tinea manifests
clinically as scaly patches or plaques with annular or serpiginous,
often slightly raised, borders. Varying degrees of erythema may be
present. Tinea pedis and tinea manuurn may present as diffuse scal
ing of the plantar or palmar surfaces. Often, one hand and two feet are
affected. Tinea pedis may also present with toe-web maceration. Nails
are alsocommonly involved, showing thickening and yellow discol
oration of the nail plate, onycholysis (separation of the nail plate from
the nail bed) and hyperkeratotic debris under the nail plate.
Greenish discoloration indicates pseudomonal superinfection of the
nail. When fungal infections are mistakenly treated with topical



steroids, they initially appear to improve and show diminished scaling
and inflammation; however, fungal organisms flourish and infected
areas enlarge (tinea incognito). Discontinuation of steroids results in
a flare in the affected area. The infection can invade the hair follicle,
resulting in a deeper infection known as Majocchi's granuloma.

Diagnosis of a fungal infection is made by culture or by direct
microscopic visualization of fungal hyphae in scales after treatment
with potassium hydroxide. Most cutaneous dermatophyte infections
can be treated with a 4-week course of topical antifungal medication.
Affected areas should be kept as dry as possible, particularly the
groin and toe-web spaces. The exceptions to topical treatment are tinea
unguium, tinea capitis and, often, tinea manuum and Majocchi's
granuloma, which require oral antifungal agents. Until recently, the
only agent approved for the treatment of cutaneous dermatophyte
infection was griseofulvin, which is quite effective for infections of
the scalp and skin. A dose of 3.3mg/kg/day of ultramicrosized grise
ofulvin, given once or twice a day for 4--6 weeks, is usually curative.
Nails, however, are best treated with itraconazole. Because the drug is
retained in the nail plate for extended periods, controlled trials sup
port a pulsed regimen of 200mg twice a day for 1 week of each month;
however, current Food and Drug Administration (FDA) guidelines
recommend a dose of 200mg/day for 3 months. Other agents under
going FDA review for use in onychomycosis include fluconazole and
terbinafine. In patients with both tinea pedis and onychomycosis,
recurrence of tinea pedis is common if the nails are not also treated,
often necessitating indefinite topical treatment.

Candidiasis

Candida albicans, the most frequent cause of candidiasis, thrives in warm
moist areas such as the groin, the axilla and the inframammary regions.
Diabetic and immunosuppressed patients, as well as those receiving
systemic antibiotic therapy that reduces competing surface bacteria,
are at increased risk for infection. The organism may be carried
asymptomatically in the bowel, mouth and vagina. Cutaneous candi
dal infection is characterized by beefy red, often moist, plaques with
satellite pustules and papules. As mentioned above, unlike tinea
cruris, candidiasis involves the skin of the genitalia. Oral candidiasis,
or thrush, presents as creamy white plaques on the tongue, palate or
buccal mucosa that can be easily scraped off. Perleche, or angular
cheilitis, is a candidal infection of the comers of the mouth character
ized by erythema, fissuring and a white exudate. Predisposing fac
tors are dental malocclusion, poorly fitting dentures and deep folds
at the comers of the mouth, with consequent retention of saliva and
food particles in the affected area. Candida paronychia is an infection
of the skin proximal and lateral to the nails, characterized by erythema,
tenderness and swelling, with separation of the nail plate from the
adjacent nail folds. This condition is chronic and should be distin
guished from acute paronychia, which is usually bacterial in origin.
Frequent immersion of the hands in water is a predisposing factor.

Confirmation of cutaneous candidal infection is by culture or potas
sium hydroxide preparation. Topical antifungal medication is usually
curative, and attempts should be made to keep affected areas clean
and dry.
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skin. The infection can occur on previously normal intact skin or it
can present as a superinfection of a primary skin disorder (e.g.
eczema, neurodermatitis, herpes zoster), in which breaks in the cuta
neous barrier allow bacteria to penetrate.

In managing impetigo, a skin swab should be sent for culture and
to determine sensitivity. Single or localized lesions can be treated top
ically with mupirocin ointment applied three times a day, but more
extensive impetigo requires systemic antibiotics, such as 250-500 mg
of dicloxacillin four times a day for 7-10 days. Wet lesions can be
soaked in an astringent such as Burow's solution that also has antimi
crobial properties.

Folliculitis

Infection of the hair follicle is manifested by follicularly based erythe
matous papules and pustules. Lesions can be either superficial or
deep (Elgart 2002).Areas of predilection are the scalp and extremities,
although the eruption can occur anywhere. Sweating and occlusion,
such as under a splint, predispose to folliculitis; however, as long
as therapy has been initiated, exercise and splints are not con
traindicated in patients with this condition. The most common
causative organism is S. aureus. However, Gram-negative organisms
(such as Pseudomonas, which causes hot-tub folliculitis), candida and
Pityrosporum yeast can also be pathogenic. Because of the variety of
potentially causative organisms, it is advisable to send pustule con
tents for culture and determination of sensitivity. However, given
that most cases are caused by S. aureus, it is reasonable to start anti
staphylococcal treatment, such as 250-500 mg of dicloxacillin four
times a day for 1-2 weeks, pending culture results. Mild cases can be
treated with topical antistaphylococcal antibiotics, such as erythro
mycin, clindamycin or mupirocin. Antibacterial soaps, such as
Hibiclens, pHisoHex and Lever 2000, help to maintain a lower bacter
ial count on predisposed hosts. The treatment of candidal infection
has already been discussed. Pityrosporum folliculitis occurs mainly on
the trunk and is often associated with diabetes mellitus, antibiotic
therapy or immunosuppression. Treatment is with a 2-week course
of selenium sulfide 2.5% lotion applied daily for 10 min and then
washed off. Topical antifungal creams are also effective (Table 52.1).

Erysipelas

Erysipelas is a superficial infection of the skin caused by group A or
group C hemolytic streptococci. The organism may enter the skin
through minor cuts, wounds or insect bites. Lesions of erysipelas are
characterized by warm edematous erythematous plaques with well
defined, often rapidly advancing, margins. Vesicles and bullae may

Table 52.1 Examples of antifungal preparations"

Compound Formulation

Clotrimazole Cream or lotion 1.0010

aMany equally effective compounds and formulations are not listed.
bEffective against candida but not dermatophytes,
<Fungicidal against dermatophvtes (others are fungistatic), thus allowing
shorter duration of treatment; activityagainst candida isvariable.

Bacterial infections

Impetigo

Impetigo is a superficial bacterial infection of the skin that is most
commonly caused by either Staphylococcus aureus or group A strepto
cocci (Elgart 2002). Vesicles or pustules in the early stages break
down to form golden-colored crusts that often adhere to the underlying

Ketoconazole

Nystatin

Terbinafinehydrochloride

Cream 2.0%

Cream or powder"

Cream 1.0%<
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be present and can even be hemorrhagic. Fever, malaise and lym
phadenopathy accompany cutaneous infection. The face is the most
common location for erysipelas but infection can occur anywhere.
Treatment is with oral or intravenous antistreptococcal antibiotics
such as penicillin or erythromycin (in penicillin-allergic patients). A
typical outpatient regimen is 250-500mg four times a day for 2 weeks.
Clinical judgment and continuous evaluation of the clinical course
determine the treatment setting and route of administration of
antibiotics. Because infection continues to spread during the first
12-24 h of oral therapy, patients with facial lesions often require hos
pitalization and intravenous antibiotics to prevent the complication
of cavernous sinus thrombosis.

Cellulitis

Cellulitis is a deeper infection of the skin, most commonly caused by
group A streptococci and occasionally by S. aureus or Gram-negative
organisms (Merck 2000). It can occur as a complication of an open
wound, a venous ulcer or tinea pedis, or it can develop on intact skin,
particularly on the legs. Clinically, it presents as erythema, tender
ness, swelling and warmth. Fever and lymphadenopathy may also
occur. Treatment is with oral or intravenous antibiotics, depending
upon the severity of infection and the background health of the
patient. Streptococcal cellulitis is best treated with penicillin, as out
lined above; however, if S. allreus is suspected or the causative agent
is unclear, broader coverage antibiotics, such as 250-500 mg of
dicloxacillin or cephalexin four times a day, should be instituted and
adjusted according to the clinical response. Patients with diabetes
mellitus or peripheral vascular disease will probably need close
monitoring and intravenous therapy. Diabetic patients are more likely
to have Gram-negative, anaerobic and mixed microbial infections. The
treatment of any underlying predisposing condition should also be
undertaken. If the cellulitis does not respond to antimicrobial therapy,
Gram-negative or resistant organisms or an alternative diagnosis
should be considered.

Swelling, pain and open lesions may necessitate modification or
temporary suspension of physical rehabilitation; however, cellulitis is
not a frank contraindication to physical exercise. Clinical judgment
must be used and the effects of disuse weighed against the need for
rest. It is important to avoid aggravating the condition.

TREATMENT OF INFESTATIONS

Scabies

Scabies is an intensely pruritic eruption caused by the Sarcoptes scabiei
mite. The female mite burrows into the skin and deposits eggs,
which hatch into larvae in a few days. Scabies is easily transmitted by
skin-to-skin contact and can be readily spread between residents of
the same household, nursing home or institution. Pruritus is caused
by a hypersensitivity reaction, so infestation has usually been pres
ent for weeks before it manifests clinically. Pruritus is severe and
often worse at night. The hallmark of scabies is the burrow, which is
a linear ridge, often with a tiny vesicle at one end; however, these
lesions may be obscured by scratching. Other cutaneous signs of sca
bies are papules, nodules and vesicles. Lesions are characteristically
found in the interdigital web spaces, the flexor aspects of the wrists,
the axilla, the umbilicus, around the nipples and on the genitalia.
The skin is almost always excoriated and lesions are susceptible to
secondary impetiginization. In elderly and physically or mentally
disabled patients, scabies may present less typically because of the

inability to scratch and is often a long-standing infestation. The condi
tion may mimic eczema or exfoliative dermatitis and widespread
hyperkeratotic and crusted lesions may be present.

The diagnosis is confirmed by observation of the scabies mite,
eggs or excretions in a skin scraping placed in mineral oil and exam
ined under a microscope. A typical patient has only 10-12 adult
female mites at one time, so confirmation of scabies is not always
possible and diagnosis is often presumptive. Several antiscabitic
creams and lotions are effective in treating scabies. The two most
commonly used today are 5% permethrin cream and 1% lindane
lotion or cream. Lindane, particularly if overused, can have neuro
toxic side effects, including headaches, dizziness, nausea and, rarely,
seizures. Permethrin is thought to be a safer treatment for infants
and pregnant women. Successful treatment requires the treatment of
all close personal contacts. In an inpatient or residential facility, all
clinical staff, patients, selected visitors and their household contacts
should be treated. As mentioned earlier, the infestation can be sub
clinical for weeks, so infested contacts may be asymptomatic. The
medication should be applied to the entire body, from the neck down
(the head is also treated in infants). Particular attention should be
paid to applying the cream or lotion under the fingernails and to the
external genitalia. The medication should be washed off 8 h later
and, at that time, all clothing and linens should be washed in hot
water, dry-cleaned or placed in a hot dryer. This process should be
repeated 1 week later, to kill any newly-hatched larvae. Unlike lin
dane, permethrin has the advantage of killing scabies eggs as well as
the mites and larvae, so, in theory, only one application is necessary;
however, two applications are usually performed to ensure cure. It
must be kept in mind that, as pruritus is caused by allergic sensitiza
tion and not viable organisms, it may continue for 1-2 weeks after
successful treatment. This can usually be controlled with mild- to
mid-potency topical steroids (Table 52.2) and oral antihistamines.
Itching that continues beyond a few weeks may indicate treatment
failure, reinfestation or an incorrect diagnosis (Elgart 2002).

Table 52.2 Examples of topical corticosteroid preparations"

Potency Compound Formulation

Very high Clobetasol proprionate Cream or ointment0.05010
Halobetasol proprionate Cream or ointment0.050f0b

High Betamethasone diproprionate Cream or ointment0.05%
Betamethasone valerate Ointment 0.1010
Fluocinonide Cream or ointment0.05010
Halcinonide Cream or ointment0.1010

Medium Betamethasone valerate Cream 0.1010
Fluocinolone acetonide Cream or ointment0.025%
Hydrocortisone valerate Cream or ointment0.2010
Triamcinolone acetonide Cream, ointment or lotion

0.1010 or 0.025010

Low Hydrocortisone Cream, ointment or lotion
2.5% or 1.0010

AfterGilchrest BA 2000 Skin changes and disorders. In: Beers MH and Berkow
R(eds) The Merck Manual of Geriatrics, 3rd edn, Merck Et Co, Whitehouse
Station, NJ, p 1247, with permission.
"Manyequally effective compounds and formulations are not listed.
bOintments aremore potent than creams containing the same corticosteroid
in thesame concentration because of their enhanced penetration.



Pediculosis
Three species of lice infest humans: Pediculus humanus var. capitis
(head lice), Pediculus humanus var. corporis (body lice) and Phthirus
pubis (pubic lice, also known as crab lice). Transmission is by close
person-to-person contact or by sharing clothing, hats or combs.
Elderly individuals who have poor personal hygiene or who live in
an overcrowded environment are at risk for head and body lice.
Pediculosis capitis presents with scalp pruritus, which can progress
to eczematous changes with impetiginization. Localized lymph
adenopathy can occur. Examination reveals small, gray-white nits
(ova) adherent to hair shafts. Adult lice can occasionally be found.
Pediculosis corporis should be considered in a patient who presents
with generalized pruritus. Again, secondary eczematous changes,
excoriation and impetiginization can occur. Lice and nits are usually
not found on the body but rather in the seams of clothing. Phthirus
pubis is usually spread by sexual contact but may also be transmitted
via clothing or towels. The bases of pubic hairs should be examined for
liceand nits in a patient complaining of pubic pruritus.

Head lice are treated with 1% lindane shampoo, which is applied
for 4min and then washed off. Treatment should be repeated in 7-10
days. Close contacts should also be examined and treated. Combs
and brushes should be soaked in lindane shampoo for 1 h. The pres
ence of nits after appropriate treatment does not signify treatment
failure. They can be removed from the hair with a fine-tooth comb
dipped in vinegar.

Body lice are treated by washing the affected clothing in hot water,
dry-cleaning them or placing them in a hot dryer and then ironing
the seams. Alternatively, the clothing can be disinfected with an insec
ticidal powder such as DDT 10% or malathion 1%. If lice or nits are
found on the skin, the patient can wash with lindane shampoo as
above. Pubic lice are treated identically to head lice, with local appli
cation of lindane shampoo. In all forms of infestation, pruritus and
dermatitis can be treated with emollients and topical steroids, and
impetiginization may require antibiotics.

TREATMENT OF INFLAMMATORY SKIN
CONDITIONS

Pruritus
--------------------

Pruritus, or itching, is a common complaint. It can occur in the pres
ence or absence of objective cutaneous findings; associated skin erup
tions may be causative (primary) or secondary. Patients who complain
of pruritus should be examined for inconspicuous primary skin lesions
because some pruritic skin diseases, such as bullous pemphigoid and
scabies, may show little, if any, cutaneous signs initially. Systemic dis
orders that are associated with generalized pruritus without primary
skin lesions include liver and renal disease, polycythemia vera, iron
deficiency anemia, lymphomas, leukemias, parasitosis (usually of the
gastrointestinal tract) and psychiatric disease. Some drugs (e.g. barbi
turates, narcotics) can also cause itching without a skin eruption.
Disorders rarely associated with itching include diabetes mellitus,
hyperthyroidism, hypothyroidism (where pruritus is usually second
ary to xerosis)and solid malignancies. The most common cause of pru
ritus is xerosis (dry skin) and, regardless of cause, most patients
complaining of pruritus benefit from treatment for xerosis (see the fol
lowing section). Antihistamines can be helpful in some cases but
should be used cautiously in the elderly.

If no skin disease is evident, patients should be examined for
evidence of systemic disorders such as lymphadenopathy, hepa
tosplenomegaly, jaundice and anemia. Appropriate laboratory tests
for screening include a complete blood count, erythrocyte
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sedimentation rate, electrolytes (including urea nitrogen and creati
nine), urine glucose, thyroid function tests and liver function tests. If
indicated by history or physical examination, a chest radiograph
may be obtained or stools tested for occult blood, ova and parasites.
When itching begins suddenly and is severe and unrelenting, an
underlying disease should be strongly suspected and laboratory
evaluation should be thorough (Merck Manualof Geriatrics 2000).

Xerosis
Xerosis is quite common in the elderly and it is the most common
cause of pruritus. Symptoms are often worse in the winter when cen
tral heating decreases the humidity indoors and the skin is exposed to
cold and wind outdoors. Patients should be advised to avoid very hot
baths or showers, as well as irritants such as harsh detergents and
topically applied alcohol. Emollients should be applied liberally and
frequently, especially immediately after bathing when the skin is still
moist. Severely dry skin may become inflamed (see Asteatotic eczema,
below).

TREATMENT OF DERMATITIS

Often used interchangeably with the term eczema, dermatitis indi
cates a superficial inflammation of the skin caused by exposure to an
irritant, allergic sensitization, genetically determined factors or a com
bination of these factors. Pruritus, erythema and edema progress to
vesiculation, oozing, crusting and scaling. Eventually, the skin may
become lichenified (thickened and with prominent skin markings)
from repeated rubbing or scratching (Merck MnnualofGeriatrics 2000).

Allergic contact dermatitis
Allergic contact dermatitis is an immune-mediated, type W, delayed
hypersensitivity reaction. The prototype is Rhus dermatitis, or poi
son ivy. Acute lesions tend to be vesicular, whereas chronic contact
dermatitis appears scaly and lichenified. Clues to an allergic contact
dermatitis are a bizarre shape or location or linear arrangement of
lesions. Common contact allergens include nickel, fragrance addi
tives, preservatives in cosmetics or medications, rubber, lanolin, chro
mates (used in tanning leather), topical antibiotics (especially
neomycin, which is used, for example, on chronic ulcers) and topical
anesthetics (e.g. benzocaine). Treatment consists of identifying and
removing the causative agent and applying mid- to high-potency
topical steroids (Table 52.2). Soaks such as Burow's solution dry
acute vesicular lesions, whereas emollients soothe dry chronic
lesions and resolving acute lesions. Pure petrolatum has no fra
grances or preservatives and is advised when a fragrance or preserva
tive allergy is suspected or when the allergen is unknown. If a contact
dermatitis is suspected and a causative agent is not apparent by his
tory and physical examination, patch-testing, usually performed by
a dermatologist, can aid in making a diagnosis. All cutaneous aller
gies should be documented on the patient's chart because systemic
exposure (e.g. via oral medication) to chemically related compounds
may result in severe systemic allergic reactions.

Irritant contact dermatitis
Unlike allergic contact dermatitis, irritant contact dermatitis is not
immune mediated. Given enough contact with an irritant, any patient
will develop a dermatitis. Common irritants are soaps and detergents.
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Although the elderly have a less pronounced inflammatory response
to most irritants than younger patients, chronic irritant dermatitis is
a common occurrence in the elderly. Clinical manifestations are iden
tical to those of allergic contact dermatitis and treatment is similar.

Atopic dermatitis
-----

Atopic dermatitis, commonly referred to as eczema, is a chronic pru
ritic condition that is commonly associated with other atopic fea
tures, such as asthma, allergic rhinitis and xerosis. Atopic dermatitis
is often referred to as 'the itch that rashes', highlighting pruritus as
the hallmark of this condition. Atopic dermatitis rarely begins in
adulthood and usually improves with age. However, it can be exac
erbated by environmental factors, for example the dry environment
that {X'CUTS in winter as a result of central heating, woolen clothing,
harsh detergents and prolonged bathing. Treatment centers around
altering habits to avoid these factors and aggressively using emol
lients and mid-potency topical steroids.

Lichen simplex chronicus
----

Also known as neurodermatitis, lichen simplex chronicus is a local
ized pruritic eruption that results from chronic scratching and rub
bing, eventuating in a scratch-itch-scratch cycle. Clinically, lesions
appear erythematous or hyperpigmented, Iichenified and scaly.
High-potency topical steroids are often required to break the cycle.
Steroid-impregnated tape, such as f1urandrenolide (Cord ran), applied
at bed time or after bathing and left in place up to 24 h, also protects
the lesions from being scratched. When symptoms improve, the
potency can be reduced. Topical doxepin relieves pruritus and also
helps to break the scratch-itch-scratch cycle, but systemic absorption
and drowsiness sometimes limit its use. If applicable, lesions can
be covered with dressings such as an Unna boot to prevent the
patient from scratching. More nodular lesions are termed prurigo
nodularis,

Asteatotic eczema
When skin becomes excessively dry and scaly, fissures and excoria
tion allow environmental irritants to penetrate and further worsen
the condition, adding inflammation to dryness. This commonly
occurs on the lower legs and is characterized by scaly erythematous
plaques with a 'cracked porcelain' appearance, which are caused by
superficial fissures and scalecrust; this condition is referred to as
eczema craquele. Treatment consists of the aggressive use of emollients
and, initially, the additional use of a low- to mid-potency topical
steroid ointment.

Stasis dermatitis
Stasis dermatitis, commonly seen in the aging population, occurs in
the context of chronic venous hypertension. Scaling and erythema are
seen on a background of edema, varicosities, and hemosiderin
hyperpigmentation. At times, stasis dermatitis may be confused
with cellulitis, but it is usually chronic and bilateral. When severe and
chronic, the condition may induce sclerosis, beginning at the ankles
and progressing proximally (termed lipodermatosclerosis). Another
complication of severe venous stasis is ulceration. Successful treat
ment of stasis dermatitis is contingent upon treating the underlying
venous hypertension with leg elevation and compression therapy, if
not contraindicated by concomitant arterial disease. Low-potency
topical steroids and emollients relieve the dermatitic component and

the frequently associated pruritus. Potential contact allergens, such
as neomycin, should be avoided (Merck Manualof Geriatrics 2000).

Seborrheic dermatitis
Seborrheic dermatitis is a common scaly erythematous eruption of
the central part of the face (particularly eyebrows, glabella, eyelids
and nasolabial folds), postauricular and beard areas, body flexures
and scalp, where it is known in lay terms as dandruff. The central
chest and interscapular areas can also be affected. Seborrheic der
matitis affecting the eyelids causes blepharitis and, sometimes, asso
ciated conjunctivitis. Seborrheic dermatitis is especially prevalent
among patients with neurological conditions, particularly Parkinson's
disease, facial nerve injury, poliomyelitis, syringomyelia and spinal
cord injury. Neuroleptic drugs with parkinsonian side effects can
also bring about seborrheic dermatitis. More recently, severe sebor
rheic dermatitis has been found with increased frequency in human
immunodeficiency virus (HIV)-infected individuals. Although still a
controversial theory, an inflammatory response to an overgrowth of
the normally resident lipophilic yeast Pityrosporllffl ovate is thought
to be the cause. Treatment focuses on suppressing inflammation by
means of a mild-potency topical steroid such as hydrocortisone or on
killing the yeast with a topical antifungal such as ketoconazole,
Topical ketoconazole also exerts some anti-inflammatory effects.
Seborrheic dermatitis of the scalp responds to shampoos containing
selenium sulfide, zinc pyrithione, salicylic acid and tar. Ketoconazole
shampoo and mild topical steroid solutions can also be helpful.

Intertrigo
Intertrigo is an inflammation of intertriginous skin, resulting from irri
tation, friction and maceration. It appears as moist, erythematous
and, sometimes, scaly areas in the flexures. Patients may complain of
pruritus or soreness. Contributing factors include obesity, poor
hygiene, hot weather, irritating or occlusive products applied locally
and clothing made of synthetic fabrics that do not breathe. Secondary
candidal or dermatophyte infection is common and should be
treated with an antifungal cream. Treatment should focus primarily
on eliminating the contributing factors mentioned above. The
affected areas should be kept as dryas possible. A low-potency
topical steroid such as hydrocortisone is used initially to decrease
inflammation and allow restoration of an intact skin barrier. Lotrisone,
a commonly prescribed combination antifungal and topical steroid
cream, should not be used for this condition because the steroid that
it contains (betamethasone diproprionate) is too strong for use in
intertriginous locations.

TREATMENT OF PSORIASIS

Psoriasis is a common chronic papulosquamous condition that fol
lows an unpredictable waxing and waning course. It usually occurs
in individuals from 16 to 22 years of age or later, in the sixth decade
of life (van Voorhees et aI2oo1). The cause of psoriasis is not known,
although a genetic predisposition has been noted. Clinically, it is
characterized by well-demarcated pink plaques with adherent thick
'silvery' scales. Areas of predilection are the extensor surfaces of
both upper and lower extremities, the scalp, the gluteal cleft and the
penis. Psoriatic plaques commonly occur in areas of trauma, such as
scars or bums. This is referred to as the isomorphic response or
Koebner 's phenomenon. Nails are often involved, with pitting of the
nail plate, areas of yellowish discoloration known as oil spots, ony
cholysis (separation of the nail plate from the nail bed) and subun
gual debris. Psoriatic arthritis accompanies skin lesions in 5-H% of



patients. Factors that exacerbate psoriasis include stress, streptococ
cal infection, cold climate and certain medications, for example beta
blockers,antimalarials, nonsteroidal anti-inflammatory drugs, lithium
and alcohol. Systemic steroids should be used with care and tapered
slowly in a psoriatic patient, as a severe flare can occur with discon
tinuation. Psoriatic variants include inverse psoriasis of intertrigi
nous areas, guttate psoriasis, pustular psoriasis and erythrodermic
psoriasis.

Treatment is suppressive rather than curative and, in the elderly, is
aimed at keeping the patient comfortable and functional (van
Voorhees et al 2(01). The most commonly used medications are the
topical steroids. In general, mid- to high-potency steroids are needed.
The vitamin D-derived calcipotriene (Dovonex) ointment is often
effective and lacks the side effects of atrophy, tachyphylaxis and
(rarely) adrenal suppression resulting from systemic absorption that
are associated with topical steroid use. A maximum of 100g can be
used per week and it is contraindicated in patients with hypercal
cemia, vitamin D toxicity or renal stones. Tar-containing bath addi
tives, shampoos and ointments are good adjunctive therapy,
although they can be messy and baths are often not feasible for the
elderly or disabled. Treatment of a coexisting streptococcal infection
often results in improvement of the psoriasis. Emollients should be
used liberally. Other treatment modalities used by dermatologists
include anthralin, phototherapy, oral retinoids and methotrexate.

TREATMENT OF DRUG ERUPTIONS

Drug eruptions can present in a wide variety of clinical manifesta
tions. Adverse drug reactions are found in 10-20% of all hospitalized
patients and are the cause of hospitalization in 3-6% of admissions
(Sullivan& Shear 2(02). They typically appear 1-10 days after starting
a drug and last for up to 14days after discontinuation of the drug. A
rechallenge results in more rapid development of a rash. Rarely,
drug eruptions can occur after weeks, months or even years of using
a medication. The drugs most commonly implicated are penicillins,
sulfonamides, cephalosporins (10% cross-reactivity with penicillins),
anticonvulsants, blood products, quinidine, barbiturates, isoniazid
and furosemide (frusemide). However, any medication, including
over-the-counter preparations and sporadically used drugs, can
cause eruptions (Goldstein & Wintroub 1994).

The most common morphology is the morbilliform, or macu
lopapular, eruption, which is a symmetrical pruritic eruption of coa
lescing erythematous macules and papules distributed on the trunk
and extending peripherally onto the extremities. Other forms of drug
eruptions are urticaria, photosensitivity, lichenoid drug eruption,
vasculitis (discussed below) and fixed-drug eruption (a single or a few
localized red-to-violaceous round plaques that resolve with hyper
pigmentation and recur in the same location with rechallenge). Treat
ment of a drug eruption requires discontinuation of the culprit drug.
Medium-potency topical steroids, antihistamines and antipruritic
lotions, such as calamine and Sarna lotion, give symptomatic relief.

Potentially life-threatening drug eruptions requiring hospitaliza
tion, especially in the elderly (Sullivan & Shear 2(02), are exfoliative
erythroderma, anticonvulsant hypersensitivity syndrome, erythema
multiforme major (Stevens-Johnson syndrome) and toxic epidermal
necrolysis. These are dermatological emergencies, requiring hospital
ization and supportive care. Exfoliative erythroderma is character
ized by generalized erythema and scaling. The inability to maintain
fluids, regulate electrolytes and temperature, and high-output cardiac
failure are complications. Anticonvulsant hypersensitivity syn
drome is a multiorgan reaction that occurs with phenobarbital, car
bamazepine and phenytoin, all of which cross react with each other.
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In addition to cutaneous findings, which can be of any type, fever,
lymphadenopathy, hematological abnormalities and hepatitis are
seen. Other organs can also be affected. In erythema multiforme
major, the pathognomonic target lesions, which have red peripheries
and cyanotic or bullous centers, are accompanied by erosion of the
mucous membranes. This can sometimes be seen on a continuum
with toxic epidermal necrolysis, which is characterized by a tender
skin eruption that rapidly progresses to blistering and sloughing of
skin. Applying lateral force to the skin causes the overlying epider
mis to shear off (Nikolsky's sign). This condition, with its 50% mor
tality rate, is best treated in a bum unit.

TREATMENT OF URTICARIA

Urticaria, or hives, is characterized by pruritic, edematous and, usu
ally, erythematous papules and plaques, often surrounded by a red
halo (flare). Angioedema or deeper subcutaneous swellings may
accompany urticaria. By definition, individual lesions last no longer
than 24h: if lesions are longer lasting, urticarial vasculitis or other
diagnoses should be considered. Urticaria has a variety of causes, the
most common of which is an allergic reaction to foods (e.g. straw
berries, nuts, shellfish) or drugs (e.g. penicillin, contrast dye). Physical
factors, such as cold, pressure or sunlight, emotional stress or infec
tions (e.g. dental abscess, streptococcal upper respiratory infection,
parasitic infection), can also induce urticaria. Certain medications,
such as aspirin and narcotics, can cause direct nonimmunological
degranulation of mast cells, which results in urticaria. Bullous pem
phigoid (see below) can initially mimic urticaria. Urticaria usually
resolves spontaneously within days to a few weeks; if lesions continue
to appear for more than 6 weeks and if no allergen can be identified, a
workup for systemic disease is warranted (Sullivan & Shear 2(02).
Whenever possible, the causative agent should be identified and elim
inated. Antihistamines are the mainstay of treatment. In cases of ana
phylaxis or laryngeal edema, emergency resuscitation measures
should be undertaken, including the administration of epinephrine
(adrenaline), support of blood pressure and maintenance of a patent
airway.

DIFFERENTIAL DIAGNOSIS AND TREATMENT
OF BLISTERS

Bullous eruptions in an elderly patient can range from those caused
by benign physical factors to life-threatening immune-mediated bul
lous disorders. A flattening of the dermal-epidermal junction with
aging results in increased skin fragility and susceptibility to blister
ing. Edematous skin is even more likely to develop blisters. The fol
lowing is a partial list of diagnoses to consider.

Pressure blisters
Lesions can occur over pressure points such as the heels and maleoli
in a patient with a diminished level of consciousness or with sensory
deficits. Macular erythema often precedes blistering. Treatment con
sists of relieving the causative pressure, usually by frequent reposi
tioning, protective cushioning or both.

Burns
Chemical, thermal and ultraviolet-light injury can result in blisters in
affected areas. A diagnosis can usually be made after taking a patient



Disorders of hemostasis
Purpura can be a manifestation of bleeding disorders, such as idio
pathic thrombocytopenic purpura, thrombotic thrombocytopenic
purpura, disseminated intravascular coagulation, liver disease, throm
bocythemia or bone marrow dysfunction secondary to leukemia or
drugs. Anticoagulants, such as heparin, coumadin, aspirin or nons
teroidal anti-inflammatory drugs, can also be associated with pur
pura, usually in response to an injury to the skin. Often in such
patients, other dermatitides, such as drug eruptions, can become pur
puric. Treatment is directed at the underlying problem.
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history. Treatmentis supportive, employing cool soaks for thermal and
ultraviolet bums, as well as antibiotic ointments, such as silver sul
fadiazene and protective dressings. Nonsteroidal anti-inflammatory
drugs, such as aspirin or indomethacin, can also be beneficial in the
early treatment of sunburns.

Contact dermatitis
As discussed above, an acute contact dermatitis can result in such
serious inflammation and edema that it leads to frank vesiculation.
Clues to contact dermatitis are a linear arrangement of vesicles, odd
shaped lesions and sharply demarcated lesions. Treatment is out
lined above (see under Dermatitis). Fragility of blood vessels

----- ------

Bullous impetigo
This superficial staphylococcal infection presents as flaccid bullae
that easily rupture, leaving yellowish crusts. Treatment is with anti
staphylococcal antibiotics, such as 2So-S00mg of dicloxacillin four
times a day.

Bullous pemphigoid
TIIisis a chronic, immunologically mediated, bullous disorder charac
terized by tense bullae on normal or erythematous skin. Pruritus is
common and mucous membrane involvement occurs in approxi
mately 20-S0% of cases. As mentioned above, bullous pemphigoid
can have a prebullous phase that presents as urticaria or pruritus
without distinct skin lesions. Men and women are equally affected
and most patients are over 60 years of age at the onset of disease.
Diagnosis is made by skin biopsy followed by routine pathology and
immunofluorescence. Immunofluorescence reveals immunoglobu
lin G (lgG) and complement (C3) deposits at the dermal-epidermal
junction of perilesional skin. Traditionally, bullous pemphigoid has
been treated with systemic corticosteroids and immunosuppressive
therapy. Recently, tetracycline and nicotinamide have been shown to
be effective in some patients. Consultation with a dermatologist is
strongly advised.

Pemphigus vulgaris
Much less common than bullous pemphigoid, pemphigus vulgaris
is another chronic immunologically mediated bullous disease that
presents with flaccid, rather than tense, bullae. Often, only ruptured
bullae (erosions and crusts) are present. Mucous membranes are
almost always affected and may sometimes be the only manifesta
~ons of the disease. Again, the diagnosis is made by skin biopsy and
Immunofluorescence, which shows IgG and C3 deposited on the
su~face of ker~tinocytes. Before the advent of corticosteroids, pem
phigus vulgaris was universally fatal. Today, it is treated aggres
sively with corticosteroids and other immunosuppressives, leading
to long-lasting remissions.

TREATMENT OF PURPURA

When blood extravasates into cutaneous tissue, purpura results.
Purpura can be classified as a disorder of hemostasis, increased
fragility of blood vessels and their supporting connective tissue, vas
culitis (inflammation of blood vessels) or pigmented purpura.

The most common cause of thispurpura is actinic (Bateman's) purpura
(Merck 2000). The combination of aging and chronic sun damage
leads to degeneration of the collagen that surrounds and supports
small vessels. Minor trauma, often not even noted by the patient,
results in slowly resolving purpuric macules. Chronic corticosteroid
administration can produce similar changes.

Vasculitis
Palpable purpuric papules should point to the possibility of vasculi
tis, although lesions of vasculitis need not always bepalpable. Causes
of vasculitis include drug allergy, bloodborne infection (e.g. strepto
coccus, meningococcemia, viral hepatitis, endocarditis), serum sick
ness, collagen vascular diseases and cryoglobulinemia. Wegener's
granulomatosis and polyarteritis nodosa are examples of vasculitis
involving larger medium-sized vessels. When vasculitis is present in
the skin, it is important to rule out systemic involvement with a urinal
ysis, renal and liver function tests and a stool guaiac test. Whenever
possible, treatment is directed at the underlying condition. Treatment
is generally supportive, although some forms of vasculitis, particu
larly those with systemic involvement, may require treatment with
corticosteroids or other antiinflammatory or immunosuppressive
drugs.

Pigmented purpuras
In this disorder, there are several idiopathic purpuric eruptions,
unrelated to any systemic disease, that primarily affect the lower
legs. Lesions may be predominantly red/purple (of recent onset) or
brown to golden-brown (chronic hemosiderin deposits). No treat
ment is necessary and, indeed, none is very effective.

CONCLUSION

Age-related changes occur in the structure and function of the skin.
Viral, fungal and bacterial infections of the skin, as well as infesta
tions and inflammatory conditions, can occur; the use of some com
mon treatment interventions can be affected by the advanced age of
the patient and so precautions must be taken. The proper care of the
skin of an aging individual is confounded by coexisting pathologies;
thus, special considerations may be necessary.
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INTRODUCTION

as a result of the normal aging process. These changes range from a
decrease in the ability to focus on the printed page, to the reduction
in the production of tear fluid, to a need for greater illumination
when reading. By 2020, there will also be a considerable number who
will experience a significant loss of vision because of pathological
eye conditions such as macular degeneration, diabetic retinopathy,
glaucoma and cataract (Table 53.2).

Vision-related healthcare costs
The escalation of health costs combined with increased longevity
will have immediate as well as long-range implications for health
care planning. Important issues range from deciding on the number
of doctors to train to the cost of healthcare delivery to the millions of
people in need of treatment. An analysis of the economic costs of
treating visual disorders shows that these costs have more that
quadrupled in the past 25 years (Table 53.3).

Table 53.2 Eye disease prevalence and projections

Terminology
Specialists in geriatric medicine should be aware of the terminology
used by those involved in the care of the partially sighted. Such

From Congdon N, O'Colmain B, Klaver CC et al 2004 Causes and prevalence of
visual impairment among adults in the United States. Arch Ophthalmol
122:477-485; 2004 Arch Ophthalmol 122:444 (Special Issue: Blindness), with
permission.
"Another 7.3 million people are at substantialrisk for vision lossfrom AMD.

Demographics
--'--------------------

Changes in the visual system resulting from the normal aging process,
as well as those caused by pathological eye diseases, dramatically
increase after the age of 60. In light of the worldwide increase in
longevity, the number of individuals affected is significant, especially
in developed nations. At age 60, for example, life expectancy is 18
years for men and 23 years for women in developed nations (United
Nations 2(01). Estimates for the number of individuals over the age of
70 and 80 are continuing to grow rapidly (Table 53.1), and there are
also greater numbers of people living well into the ninth, as well as
tenth, decades of life (US Census 20(4).

The dramatic upward demographic shift in aging translates into
greater numbers of individuals who will experience changes in vision

Table 53.1 Estimates of Americans
with visual system changes

Age Population

60+ 48883408

65+ 36293985

85+ 4859631

From US Census Bureau, July 1 2004 estimates.

Currentestimates
(in millions)

Advanced age-related 1.80

macular degeneration
(with associated vision
loss)

Glaucoma 2.2

Diabetic retinopathy 4.1

Cataract 20.5

2020 projections
(in millions)

2.9

3.3

7.2

30.1
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information is useful for understanding medical records and eye
reports, as well as understanding any implications that there may be
regarding disability benefits. The most commonly used terms are
low vision, blindness, visual impairment, functional vision, visual
disability and visual handicap. Definitions are provided in the glos
sary at the end of this chapter.

Disability evaluation under social security
Health professionals, especially those involved in geriatric rehabili
tation, should be aware of any disability benefits available from the
Social Security Administration (SSA).These may include benefits for
impaired visual acuity, a decrease in the field of vision, a loss of eye
muscle function or a loss of visual efficiency (how easily and effec
tively the visual system processes visual information).

Table 53.3 Economic costs of visual disorders and disabilities
in the USA in 1981 and 2003

--------
Economic costs (in millions
of USdollars)

Category of costs 1981 2003

Direct costs

Visitsto ophthalmologists 924.5 6663.8

Visitsto other MDs 115.5 832.5

Eye surgery (MD fees) 1134.0 8173.9

Optometrists' services and
materials 2061.9 14862.2

In-patient hospital care 762.7 3655.6

Nursing home care 1517.2 8846.8

Ophthalmicdrugs and
optical goodSO 1185.7 5050.9

Rehabilitationservices
and equipment 178.1 656.5

Total 7879.6 48742.2

Indirect costs

Days lost from work
(acute episodes) 109.8 332.8

Individuals unable to work 4636.9 14054.4

Women unable to keep
house 973.5 2950.7

Institutionalized persons 438.7 1329.7

Waiting time for eye care 75.9 230.1

Total 6234.8 18897.7-_ .. ----- -----
Grand total 14114.4 67639.9
------

From the National Eye Institute October 2004. Available: http://www.nei.
nih.gov/eyedata/hu_estimates.aspltable1).
°Drugs constituted approximately 1Ql\b (USS118m) of thiscostcategory in 1981,
with the remaining 9Ql\b (USS1067.7m) being foroptical goods.

The normal aging eye: presbyopia - the first sign
of aging in the visual system
Many normal changes take place in the aging eye, on a physiological
as well as a functional level. As noted above, there is also a sharp
increase in the incidence of ocular disease in the seventh, eighth and
ninth decades of life. It is therefore important to understand the
changes that occur in the visual system of the normal aging eye in
order to differentiate them from the more serious changes resulting
from ocular pathology.

The earliest signs of change in the aging visual system are the sub
tle changes that take place in the focusing ability of the eye (known as
accommodation). The mechanical system that regulates accommoda
tion consists of the lens, the ciliary body and the zonules or tiny guy
wires connecting the lens to the ciliary body (Fig. 53.1).

The crystalline lens of the eye normally changes its shape and
becomes more convex when viewing an object nearby. In most
individuals, the accommodative ability of the eye begins to decrease
around the age of 40; this eventually leads to the need for prescriptive
reading glasses to make up for the lack of accommodative flexibility.
This gradual loss of elasticity of the lens is known as presbyopia,
which, translated literally, means 'the eyesight of the aged'.

A reading prescription will facilitate the ability to resolve
newspaper-size print. However, vision at intermediate distances
may also be affected by aging. Regardless of one's age, computers
are an accepted part of modem day life and are used for everything
from work-related activities to email. Although the computer screen
has a lower demand for accommodation than reading at a distance of
13-16 in (33-40cm), most people will eventually require prescriptive
lenses to avoid 'computer fatigue'.

The symptoms of presbyopia generally include blurring of print,
headaches and the inability to comfortably sustain reading. Arm
length is one of the variables that influence the age of onset of pres
byopia. The onset of the first symptoms may appear earlier in life in
individuals who are short in stature because the accommodative
demand is greater when the print is held closer to the eye. For exam
ple, an individual of 6' 6" (2m) may only have to exert + 1.00 diopter
(United Nations 2001) of accommodation at age 40, whereas a per
son of 5' (105m) may have a greater accommodative demand

Figure 53.1 The eye.

(From the National Eye Institute, National Institutes of Health, refno. NEA01.)



(e.g. +1.50 dioprers) ana may mererore require a reading prescrip
tion at an earlier age.

At the age of 75, the 'maximum' reading prescription, determined
by the optometrist or ophthalmologist during a refraction, is gener
ally assumed to be from +2.50 diopters (focal distance 16in/4Ocm)
to +3.00 diopters (focal distance 13in/33cm). Reading corrections
may be prescribed as single vision lenses, bifocals (combination of
distance and reading lenses), contact lenses, monovision lens (con
tact lens in one eye for distance or near) or trifocals. New surgical
restorative methods are being developed for presbyopia by ophthal
mologists who specialize in the anterior segment (the front portion
of the eye).

VISION FUNCTION AND ASSESSMENT

Visual function consists of a number of components including visual
acuity, visual field and contrast sensitivity. Glare sensitivity, meta
morphopsia, stereoacuity, color perception, dark adaptation and
photopsia may also be manifested in the presence of eye disease but
are not usually as important as visual acuity, visual field or contrast
sensitivity deficits. However, they can seriously affect an individual's
performance.

Visual acuity
Visual acuity is a single aspect of vision but perhaps the most synony
mous with visual health because it is the standard measurement for
vision testing in the USA. VISual acuity is the ability to distinguish
object details as well as a measure of the clarity of vision. Static visual
acuity is the standard type of visual acuity measurement and is one of
the primary measurements used in clinical eye trials in the USA. In
general, static visual acuity declines very little with age other than
what can be accounted for by miosis (reduction in pupil size) or by the
increased density and yellowing of the lens.

Clinical assessment of visual acuity is commonly performed using
a projected Snellen eye chart (Fig. 53.2) or the ETDRS (Early Treat
ment of Diabetic Retinopathy Study) eye chart (Fig. 53.3) (Ferris &
Sperduto 1982, Ferris et aI1982).

Visualacuity or the 'acuteness' of vision has been measured for cen
turies. However, Dr Herman Snellen is credited with introducing the
modem system in 1862that, for the most part, remains in place to this
day. It is based on the ability of an individual to resolve the detail of a
target: the Snellen fractions 20/20, 20/30 and 20/200 relate to the abil
ity to identify a letter (optotype) of a certain size at a specific distance.
The numerator or top of the Snellen fraction indicates the test distance.
The fraction 20/ x (6/ x ) indicates that the test was performed at a
distance of 20 feet (6m) from the eye. The 2D-foot test distance was

Figure 53.2 Snellen eye chart.
(From the National Eye Institute,National Institutesof Health, ref
no. EC01.)
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selected because it is considered to be optical infinity and no focusing
(accommodation) is required for an object placed at this distance from
the eye. The denominator of the fraction is the distance at which a let
ter would subtend 5 minutes of arc at the retina. For example, the frac
tion20/20 (6/6) indicates that someone has the ability to resolve or see
a target that is 1 minute of arc at a distance of 20 feet (6 m) from the eye.
A person who is only able to see a letter (or groups of letters) that is
twice as large as an individual having 20/20 vision would be recorded
as having 20/40 vision. The letters on the 20/200 line are 10 times
larger than those on the 20/20 line; they are used to indicate legal
blind status when this is the best visual acuity that an individual has
when wearing glasses or contact lenses.

When vision is decreased because of ocular pathology, visual acu
ity may be measured at closer distances (2m, 10 feet or less). For
example, 10/200 is equivalent to 20/400; 1/40 is equivalent to
20/800. When possible, the low vision clinician will record a func
tional acuity and avoid notations such as CF (counts fingers) or HM
(hand motion). Light perception indicates the ability to see a light
source, whereas light projection indicates the position of the pro
jected light.

As noted above, in the USA, visual acuity is one of the parameters
used in the definition of legal blindness to determine eligibility for
disability benefits as well as entitlement to income tax benefits (US
Census 2004). Individuals who satisfy the definition of legal blind
ness are also entitled to talking books from the Library of Congress,
operator-assisted service, handicapped parking privileges and, in
some areas of the country, access-a-ride.

Visual fields and assessment
Visual field testing is another measure of visual function that pro
vides information about motion detection and peripheral vision, as
well as playing an important role in mobility. Visual field testing deter
mines the extent and distribution of the patient's sensitivity to light.
It involves measuring the extent of the visual field in all directions
while the eye is fixating in the straight-ahead position. The normal

Figure 53.3 ETDRS eye chart.
(From the National Eye Institute, National Institutesof Health, ref
no. EC05.)
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Figure 53.4 Normal visual field (A) and left homonymous hemianopia (B).

visual field for each eye when looking in the straight-ahead position
is approximately 60 degrees to the nasal side, 90 degrees to the tem
poral side, 50 degrees superior and 70 degrees inferior.

Measurement of visual fields will help to reveal any depression in
sensitivity, constriction or scotomas (areas of no vision). Loss of
visual fields may be relative (sensitive to certain stimuli but not
others) or absolute (demonstrate no sensitivity to a stimulus). Visual
field measurements will also locate and define the shape of the sco
toma, as well as any sector or field cut.

Visual field losses may vary according to the etiology. For example,
peripheral field losses are primarily the result of two major patholo
gies that may severely affect mobility: glaucoma and retinitis pigmen
tosa. Central visual loss may be caused by conditions that affect the
macula of the eye, including macular degeneration, central retinal
artery occlusion and central retinal vein occlusion. Stroke, as well as
brain tumors, may result in disabling visual field loss and may be
manifested as homonymous hemianopsia (total loss of the visual field
on one side in both eyes) (Fig.53.4)or as a quadranopsia (loss of a quar
ter of the visual field). Patients with hemianopic field loss may bump
into objectson the side of the field loss when moving around and may
have difficulties with near activities, such as reading or finding things
at the dinner table. Some patients also demonstrate visual neglect

after a stroke and may not even be aware that they are missing half of
their visual world (Wikipedia).

Methods used to determine the extent of visual field involvement
include observational assessment, the confrontation test (the ability to
detect a moving object in the field while fixating straight ahead) or
the use of a precision quantitative device, such as the Goldmann or
automated perimeter. The automated perimeters are rigorously uti
lized in the management of conditions such as chronic open-angle
glaucoma and have programs that can measure the extent of the
visual field using targets that can be varied in size and density, as
well as position.

Measurement of the visual field following a stroke may require
modification or simplification of the testing procedure to obtain the
extent of the visual field involvement. The Amsler grid (Fig. 53.5) is
the most commonly used assessment tool for the analysis of the cen
tral 20 degrees of the visual field in age-related macular degenera
tion. Changes in the retina may be reflected on the grid as distortions,
decreased sensitivity or scotomas (Fig. 53.6). The grid is also used as
a home procedure to detect any changes such as bleeding or fluid
leakage that may warrant immediate intervention. The confocal scan
ning laser ophthalmoscope is another precise way of measuring the
involvement of the visual field in age-related macular degeneration



Figure 53.5 Amsler grid.
(From the National Eye Institute, National Institutes of Health, ref. no. EC03.)

Figure 53.6 Distorted Amsler grid.
(From the National Eye Institute, National Institutes of Health, ref. no. EC04.)

but is generally limited to institutional settings because of cost
(Fletcher 1994).

Contrast sensitivity
--'---------------

Contrast sensitivity is a measure of how much a pattern must vary in
contrast to be seen (compared with visual acuity, which measures
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Figure 53.7 Marscontrastsensitivitychart
(www.marsperceptrix.comn.

how big an object must be to be seen). Contrast sensitivity is increas
ingly recognized as an important factor influencing the quality of
vision. A decrease in the contrast sensitivity function can lead to a
loss of spatial awareness and mobility and increase the risk of acci
dents. Reduced contrast sensitivity may also affect the ability to walk
down steps, recognize faces, drive at night or in the rain, find a tele
phone number in a directory, read instructions on a medicine con
tainer or navigate safely through unfamiliar environments. Reading
is also compromised, for example letters may be almost invisible if
the print is too light. Environmental modifications, such as high
contrast colors or strips on the first and last steps of staircases, con
trasting colors on door frames and the use of contrast on electrical
outlets, can all improve patient safety.

Decreasing contrast sensitivity function is associated with ocular
pathological conditions such as a cataract, age-related macular
degeneration, diabetic retinopathy, glaucoma and optic nerve
degenerations.Various charts have been designed for the measure
ment of the contrast sensitivity function. See the Mars contrast sensi
tivity chart in Fig. 53.7.

Glare sensitivity
Glare sensitivity is generally classified as either discomfort glare or
disability glare. Disability glare is the common type of glare encoun
tered from an oncoming headlight at night and may result from the
formation of a cataract as well as an uncorrected refractive error.
Discomfort glare may be experienced, for example, when the sun is
too bright.

Older individuals are generally more sensitive to glare and often
take longer to recover when exposed to a glare source (Paulson &
Sjostrand 1980).It is important that they be aware of this inability to
quickly adapt to varying light levels when moving from an area of
low-light level to one of high-light level. The failure to adapt quickly
can result in a serious fall (McMurdon & GaskeI11991).

Color vision
Macular degeneration and other retinal diseases affecting the macular
region may also decrease color sensitivity. This is because color recep
tors (cones) are densely packed in the macula and color perception
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will be seriously affected when there is damage to the retinal recep
tor layer. Changes in color perception may affect the ability to see
traffic lights and distinguish colors when dressing, for example, as
well as distinguishing whether fruit is ripe or food is cooked.

It has been established that the ability to see color declines with age
because of changes in the absorption of light by the ocular media
such as the lens, as well as a reduction in pupil size (Aston & Maino
1993). Acquiredcolorvision loss in older individuals differs from con
genital (present at birth) defects, in which altered characteristics of
cone photopigments lead to color confusion. One way of classifying
acquired color defects is Kellner's law, which describes the location
of the color vision loss. This law states that lesions in the outer retinal
layers give rise to blue-yellow defects, whereas lesions in the inner
retinal layers and optic nerve give rise to red-green defects.

Individuals with cataracts that have only a nuclear yellowing
commonly have a blue-yellow defect, as do individuals with age
related macular degeneration. Other individuals with optic neuritis
(inflammation of the optic nerve) may report a red-green defect.

Individuals who are taking medications or combinations of drugs
may also experience a change in the perception of color. Drugs that
affectcolor perception are sedatives, antibiotics and antipsychotics.

Additional age-related physiological changes include the thinning
and yellowing of the conjunctiva (Michaels 1993).The corneal sur
face tends to dry out as tear production by the lacrimal gland
decreasesand tear film losesstability during the aging process (Hom &
Maino 1993). The tear film, composed of oil and mucus, protects and
lubricates the eye. The use of artificial tears is often indicated to
avoid irritation, as well as possible damage, to the cornea. The
cornea itself does not appear to be affected as much by the aging
process, although there is an increase in light scatter as well as an
overall flattening.

Between the ages of 20 and 80 there is a decrease of about 2.5mm
of the size of the pupil (Morgan 1986). The decrease in pupillary
aperture size can be clinically significant under low levels of illumi
nation. In addition, mobility at night and reading (e.g. the menu in a
restaurant) may be affected by the resulting loss of light because of
the decrease in pupil size.

The density and weight of the crystalline lens increases with age.
The lens becomes yellowed and demonstrates fluorescence. Other
physiological changes include a decrease in the number of retinal
pigment epithelial (RPE) cells in the posterior pole of the eye
(Dorney et aI1989).

IMPACT OF VISUAL LOSS ON ACTIVITIES OF
DAILY LIVING AND EMOTIONAL STATUS

Visual loss may have a severe impact on activities of daily living,
such as driving a car, reading and crossing the street, and seeing traf
fic signs, the temperature on the oven and steps. This, in turn, may
result in clinical depression. Scott et al (2001) found that patients
with retinal disease had a 59.3%prevalence of emotional stress com
pared with 2% in the control group.

A low-vision evaluation, as well as a vision rehabilitation team,
may help to enable an individual to return to many of the activities
that were previously enjoyed before the loss of vision. This will often
lead to an improvement in the quality of life and the development of
new strategies for coping with everyday activities.

------------ ------
The low-vision evaluation

---- -----------
Stereoacuity vision
Stereoacuity loss may often result in the vision being much poorer in
one eye. This disparity between the two eyes may manifest itself in
such tasks as threading a needle or tying shoelaces.

Dark adaptation
It becomes progressively more difficult for many individuals, espe
cially those with retinal disease, to adjust to a new level of illumina
tion, for example when going from the outdoors to the indoors.
Individuals with eye diseases such as age-related macular degenera
tion may actually have to wait until their eyes become adjusted to
the indoor lighting. As noted above, poor adaptation to changes in
light level is also more common in the elderly and may result in falls.
Absorptive lenses are often indicated to minimize the adaptation
time as well as enhance the contrast.

PHYSIOLOGICAL CHANGES IN THE AGING EYE

Various physiological changes can occur in the aging eye that may
result in decreased vision. Structural changes in the eyelids with age
sometimes result in damage to the cornea. Ectropion is an in-turning
of the lower eyelid and is caused by atrophy and loss of tonicity, as
well as elasticity. There is a sensation of discomfort, which is the
result of the eyelashes rubbing against the front surface (epithelial
layer) of the cornea. One of the many consequences of ectropion is
that the nasal lacrimal duct (drainage canal in the eyelid) cannot han
dle the profuse tearing, resulting in tears running down the cheek. A
more serious effect, however, is the possibility of exposure keratitis
(inflammation of the cornea).

Blepharoptosis is a drooping of the upper eyelid and generally
results in a narrowing of the palpebral fissure (space between the eye
lids) when the eyelid is open. This results in a reduction in the
amount of light entering the eye because the pupillary aperture is
obscured. Treatment involves supporting the upper lid by surgical
means, as well as physically holding the lid up with a 'ptosis' crutch
or tape. Precautions must be taken to protect the corneal surface from
extensive exposure by supplementation with artificial tears.

The low-vision evaluation is carried out by an optometrist or oph
thalmologist who specializes in the care of the partially sighted. The
evaluation includes a detailed functional history, measurement of
visual acuity, an external evaluation, subjective and objective evalu
ations and tests of visual function, as well as a prescription of dis
tance, intermediate and near-vision lenses or low-vision devices.

The case history (Faye 1984, Rosenthal & Cole 1991) provides
information on patient objectives as well as the need for medical
counseling, mobility rehabilitation and training or surgical interven
tion. The medical history provides the ocular history of any surgery,
laser treatment, eye medications or other treatments; a general health
history; and an analysis of tasks. The task analysis will explore activ
ities of daily living in detail, for example the ability to see the
microwave dials, the food on the plate, the label on a prescription
bottle and the numbers on the telephone; the ability to travel inde
pendently; other distance and near tasks; lighting considerations;
and job activities. Near tasks are especially important and may
include the ability to read a newspaper, see prices and labels, fill a
syringe or write a check. By the end of the case history, the clinician
should have an impression of the patient's objectives and goals and
whether or not they are realistic, the patient's reaction to the vision
lossand how much time to spend with the patient (i.e.sense what can
and cannot be covered during the initial evaluation without fatiguing
the patient).



Fiqure 53.8 Telescopic systems.

Figure 53.9 Visual field enhancing lens.

As discussed above, distance and near visual acuity are evaluated
using specialized charts (Bailey & Lovie 1976, Bailey1978,NA5-NRC
Committee on Vision 1980) The external evaluation, which follows
visual acuity measurement, should include pupillary position, size
and responses, and position of the lids, eyes and orbits, and nystag
mus. Refraction is essential in determining the best correction for the
patient at distance and near.

The low-vision evaluation also determines the appropriate low
vision devices to achieve the patient objectives. These include high
plus reading lenses, hand and stand magnifiers, hand-held and
spectacle-mounted telescopic systems (Fig. 53.8), filters and absorp
tive devices (Fig. 53.9), electronic magnification and closed-circuit
television (CCTY)(Fig. 53.10),as well as non-optical devices such as
a bold-line pen (Fig. 53.11).

MAJOR PATHOLOGICAL CHANGES
ASSOCIATED WITH AGING

As previously noted, there is a marked prevalence in eye disease
with increasing age, especially after the age of 80. It is estimated that
68.3%of individuals over the age of 80 will have cataracts, 35.4%will
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Figure 53.10 ccrv
(From Lighthouse International, with permission.)

Figure 53.11 Non-optical low vision.
(From Lighthouse International, with permission.)

have some form of macular degeneration and 7.7% will have glau
coma (Table 53.4).

Cataracts
A cataract is clouding or a change in the clarity of the crystalline lens
of the eye. The lens consists of a central nucleus surrounded by the
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-- --------- ------

Table 53.4 Summary of eye disease prevalence data

Ag~ (years) Cataract Advanced AMD Intermediate AMD Glaucoma

No. 1M> No. 1M> No. 1M> No. %
-----
40-49 1046000 2.5 20000 0.1 851000 2.0 290000 0.7
--------
50-59 2123000 6.8 113000 0.4 1053000 3.4 318000 1.0
~----- ------
60-69 4061000 20.0 147000 0.7 1294000 6.4 369000 l.B
-----

70-79 6973000 42.8 388000 2.4 1949000 12.0 530000 3.9---- ---- ------------------- --- --

=80 6272000 68.3 1081000 11.8 2164000 23.6 711000 7.7
-- ------------- ---- -- --

Total 20475000 17.2 1749000 1.5 7311000 6.1 2218000 1.9
-------------- ----------------------------------

From The Eyes Diseases Prevalence Research Group, Prevalence of cataract, age-related macular degeneration, and open-anqle glaucoma among adults 40 years and
olderin the United States. Arch Ophthalmol 122:564-572,532-538; Vision problems in the US Report (Prevent Blindness America 2002, National Eye Institute).

cortex, which is enclosed in a sac. Cataracts are the most common
cause of visual loss after the age of 55 years. The prevalence dramat
ically increases with age, ranging from 74% between the ages of 65
and 74 to 91% between the ages of 75 and 84.

Cataracts may lead to a variety of signs and symptoms (Faye et al
1995) including problems with glare, blurred vision or difficulties in
seeing the printed page (www.neLnih.gov/ health/cataract/web
cataract.pdf). Streaks or rays of light, especially at night, may seem to
be emitted from light sources such as car headlights or traffic lights.
Fluorescent lights, especially, may also be a source of glare for many
individuals. The person subjected to glare tends to shade their eyes
from the sun or wear a wide-brimmed hat to eliminate the annoying
glare.

Functionally, cataracts may be the causative factor in falls because
of impaired depth perception and the inability to judge distances.
Cataracts may also reduce the ability to see stair edges and curbs.

Risk factors, evaluation and intervention

Risk factors for cataracts include smoking and alcohol consumption,
systemic diseases (e.g. diabetes), drugs (especially long-term use of
steroids), malnutrition, trauma to the eye, hypercholesteremia, ele
vated triglycerides and exposure to sunlight. New studies have
begun to link cataracts with specific genes. For example, a major locus
involved in age-related cortical cataracts was found to lie on chromo
some 6p12-q12 in the Beaver Dam Eye Study (Congdon et al 2004,
Iyengar et al 2(04).

Cataract surgery is indicated when the loss of visual function affects
everyday activities (e.g. driving) and the quality of life. Preoperative
testing, for example a case history, visual acuity measurements, con
trast sensitivity and glare testing will provide information on visual
function, such as the presence of significant glare outdoors. Ultrasonic
measurements of the length of the eyeball are performed to help deter
mine the power of the intraocular lens (IOL) implant that will be
inserted when the cataract is removed. Predictive tests of the postoper
ative visual potential may also be carried out. Contraindications to sur
gical cataract extraction include a history of complications after
previous surgery on the other eye, for example hemorrhaging or post
surgical macular edema.

Therapeutic intervention involves removal of the cataract and
insertion of an IOL implant. One of the most common techniques
employed in the surgical removal of cataracts, phacoemulsification,

involves suctioning out most of the old lens and leaving the poste
rior capsule. The new IOL is placed in the posterior portion of the
capsule. However, the capsule may opacify over time, necessitating
a simple YAG laser posterior capsulotomy, which is a procedure
used to open up the cloudy membrane that may develop following
cataract extraction.

Reading glasses are generally required following surgery because
the IOL implant that is inserted generally corrects for distance vision.
Newer corrective approaches make use of diffractive and refractive
technology to create IOL implants that are similar in function to a
bifocal lens.

Age-related macular degeneration
- -------_._-

The macula is the area of the retina (located in the posterior pole of
the eye) containing the most acute vision, ranging from 20/20 to
20/200. Despite its importance, the macula only subtends an area of
20 degrees of the visual field. Therefore, any changes in the macula
may affect the ability to, for example, resolve letters on a sign, read a
newspaper, see a computer monitor or see actors in a play.

Age-related macular degeneration (AMD) may be classified as
either dry (atrophic) or wet (exudative). Approximately 85-90% of
individuals have the dry type, with the remainder having the more
aggressive wet type. The symptoms of AMD include reduced visual
acuity, reduced contrast sensitivity function, scotomas, metamor
phopsia or image distortion, reduced stereoacuity, decreased color
perception and the formation of visual hallucinations (Charles Bonnet
syndrome).

Activities of daily living may also be affected. For example, there
may be difficulties in performing tasks such as threading a needle or
tying shoelaces, distinguishing the colors of traffic lights and deco
rating the home. The loss of vision may lead to individuals losing
their independence because they are not able to perform tasks such
as preparing food. Referral for vision rehabilitation services, such ,1S

orientation and mobility, is indicated when there is concern for an
individual's safety as well as their independence.

The possible risk factors for AMD include genetics, cataracts,
smoking, hypertension, sun exposure, farsightedness, light skin or
eye color and a diet low in vitamins, minerals and antioxidants.

One of the earliest signs of AMD is the presence of hard or soft
deposits in the retina known as drusen. A significant amount of
research has been carried out to determine the composition of drusen:



new evidence is pointing to a protein common in extracellular
deposits associated with atherosclerosis, amyloidosis and Alzheimer's
disease (Mullins et al2(00). Research has also been carried out on how
to prevent these waste products from being deposited in the retina.

Diagnosis of the wet form of macular degeneration, also known as
choroidal neovascularization, involves the use of fluorescein angiog
raphy. A small catheter is placed into a large vein and a dye is
injected into the vein. A series of photos are taken of the retina
through a special filter to identify the presence of any choroidal neo
vascularization. Optical coherence tomography (ocr) is another tool
used to evaluate the progression of AMD, as well as the efficacy of
treatment. OCT is an interferometric, noninvasive imaging tech
nique (Huang et aI1991).

There have been significant changes in the treatment of AMD. Until
2000, thermal laser was the predominant method used to treat the wet
form of the condition. This technique is now used in less than 5% of
individuals with wet AMD because of the destruction of collateral tis
sue that occurs when the thermal laser is used to seal off the leaky
blood vessel. Photodynamic therapy (PDT, also known as Visudyne
therapy) was approved by the Food and Drug Administration (FDA)
in 2lXJO to treat one form of the wet condition, known as predominantly
classic choroidal neovascularization. It uses a medication to destroy the
abnormal blood vessels, which is activated using a cold laser.

Another treatment for the wet form of AMD involves the use of
pegaptanib sodium (Macugen), an RNA aptamer (an RNA molecule
that can act like an antibody) (Gragoudas et aI2004). It was approved
by the FDA in 2004 for the treatment of the classic, minimally classic
and occult forms of AMD. Vascular endothelial growth factor (VEGF)
is involved in the pathogenesis of choroidal neovascularization
(Ferrara 2000), and basic and clinical scientific evidence links exces
sive VEGF production to retinal angiogenesis. Macugen is known to
be an anti-VEGF agent because of its ability to bind to the 165-amino
acid isoform of extracellular VEGF (FDA news 2004) and essentially
stop the growth of new destructive porous blood vessels in the
retina. New therapies are being directed towards all isoforms of
extracellular VEGP.

Glaucoma
It is estimated that 2 million people in the USA have glaucoma and
that 80000 of these individuals are registered as legally blind because
of the disease. Among African-Americans, glaucoma is now recog
nized as the leading cause of blindness (www.neLnih.gov/neitriais/
viewStudyWeb.aspx?id=24). The Ocular Hypertension Treatment
Study (OHTS) also revealed that the prevalence of glaucoma is much
higher among African-Americans.

Glaucoma is recognized as a group of diseases that generally
involves an increase in the intraocular pressure of the eye. The optic
nerve, as well as the visual field, may be severely affected if the pres
sure is left unchecked. The OHTS revealed predictors for the devel
opment of primary open-angle glaucoma that include older age, race
(African-American), sex (male), larger vertical cup-disc ratio of the
optic nerve, larger horizontal cup-disc ratio of the optic nerve, heart
disease and thinner central cornea measurements.

Left untreated, primary open-angle glaucoma will result in per
manent visual field loss as well as a loss of night vision. Severe visual
field loss requires the help of a mobility specialist to learn how to
renavigate in the environment and may require the use of a cane or
guide dog if the impairment is profound.

Normal intraocular pressure ranges from 10 to 20 mmHg (Gordon
et al 2002, Higginbotham et al 2004). However, normal pressure may
be as high as 23mmHg in some patients and they never develop glau
comatous changes. As noted, observation of the optic nerve head is
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very important in the management of glaucoma. Damage is assessed
by looking at the loss of the nerve fibers as well as the visual field loss.

The tests used in the evaluation of glaucoma include measuring the
intraocular pressure with a Goldmann tonometer, visual field analy
sis with an automated perimeter, evaluation of the optic nerve with
indirect ophthalmoscopic observation and the use of OCT for optic
nerve head analysis. The use of OCT enables the creation of a con
tour map of the optic nerve and optic cup. Other tests include an
analysis of the retinal nerve fiber layer (RNFL) thickness with scan
ning laser polarimetry and confocal scanning laser ophthalmoscopy.
Pachymetry is another routine test that evaluates the thickness of the
cornea.

Therapeutic intervention may include drug therapy with choliner
gic, anticholinesterase and rl-adrenergic agents, carbonic anhydrase
inhibitors, hyperosmotic agents and prostaglandins. However, there
are some side effects associated with these medications that must be
taken into account with geriatric patients. For example, the use of
beta blockers may result in bradycardia, hypotension, altered lipid
profiles and atrial tachycardia.

Surgical procedures to control eye pressure include trabeculec
tomy, trabeculoplasty and iridotomy. These procedures are per
formed to facilitate the outflow of aqueous fluid from the eye.

Diabetic retinopathy and other conditions
Other retinal pathologies, especially diabetic retinopathy, necessitate
comanagement by a team of specialists including a diabetologist,
ophthalmologist, physical therapist and low-vision optometrist or
ophthalmologist. Patients with insulin-dependent diabetes may expe
rience significant vision loss from hemorrhaging as well as from exu
dates in the retina.

The most common diabetes-related eye symptoms are changes in
refraction, variable vision or focus, blurred or hazy vision, sensitivity
to glare, faulty color vision and blindness.

Treatment may include cataract extraction, laser treatment (panreti
nal photocoagulation) or vitrectomy (removal of the vitreous humor).
Low-vision devices are also important to enable the patient to moni
tor blood sugar levels and administer the correct dosage of insulin.

Because vision can vary with fluctuations in blood glucose levels,
an ophthalmologist or optometrist should carry out a careful refrac
tion test and eye examination at intervals to check for presbyopia, sec
ondary myopia, cataract or retinopathy (www.visionconnection.org/
Content/YourVision/EyeDisorders/DiabetesRelatedEyeDisease/0
iabetesVisionLossandAging.htm).

Other prevalent retinal conditions in the elderly include retinal
tears, macular holes and retinal detachments. Treatment for these con
ditions includes laser, cryosurgery and surgery. Macular holes and
epiretinal membranes may also be treated with a vitrectomy or with
membrane peeling.

THE FUTURE

The field of genomics is beginning to playa major role in the under
standing and improvement in the management of ocular disease of
the aging eye. The incidence of severe and late-stage eye disease will
begin to drop with the implementation of new approaches to control
the mechanisms that presently precipitate irreversible damage to the
eye. Improved control of comorbidities, such as diabetes and hyper
tension, will also result in a further reduction of significant vision loss.

However, with the changes in nutritional habits being adopted by
the younger generation throughout the world, there is also the
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potential for a significant increase in the incidence of visual loss in
the future. In fact, diabetes will become the number one cause of sys
temic and visual problems worldwide. With the increase in life
expectancy, there will also be a significant rise in the number of eld
erly individuals with visual impairments worldwide.

One of the last frontiers will be the development of artificial
vision, including 'replacement' vision. Clinical studies have already
begun into the efficacy of implanting chips on the retina and in the
visual cortex for individuals with no usable vision. The world of stem
cell research also holds great promise for the restoration of visual
function.

Covernments and non-governmental agencies around the world
must begin planning and enhancing strategies for training person
nel, as well as increasing resources to handle the expected geriatric
and visual impairment explosions.

GLOSSARY

Blindness: the term blindness has two generally accepted definitions:

1. Blindness can be used for total loss of vision and for conditions
in which individuals have to rely predominantly on vision sub
stitution skills. In this context, blindness indicates no useable
vision.

2. Blindness has a different connotation when used in 'blindness' sta
tistics (synonymous with legal blindness). In the USA, the defi
nition of legal blindness is a visual acuity of 20/200 (6/60) or
worse in the better-seeing eye (Fig. 53.8) or a visual field of 20
degrees or less in the widest meridian with the best correction.

Fllllctional vision: used to describe a person's ability to use vision in
activities of daily living. Presently, many of these activities can be
described only qualitatively.
Low vision: there are many definitions of low vision; one common
one is having a visual acuity of <20/40 (United Nations 2(01).
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Aging is a gradual process. It does not happen suddenly but rather
in such a way that most people sense a slow deterioration of sensory
and motor skills over time. The aging process causes both structural
and functional changes to occur in the body. Twentieth and twenty
first century science and technology have led to many advances that
have improved both quality of life and life expectancy, thus enabling
the average human to live longer and better. If a person lives through
the sixth or seventh decade of life or longer, they must anticipate that
modifications of mind and body will occur. Areas such as cognition,
circulation, coordination and vision can be affected. Another area
that is frequently affected by aging is the inner ear.

AGING AND THE INNER EAR

The bilateral inner ear structures contain organs for both hearing and
balance. Fluid-filled cavities, located within the temporal bones of
the skull, receive airborne and mechanically transmitted stimuli
from both the environment and conductive aspects of the hearing
mechanism. The hair cell structures within the inner ears transform
these conductive signals into electrical impulses that are sent via
nerve conduction to the brain and central nervous system for inter
pretation and utilization. The inner ear is composed of three major
parts: (i) the semicircular canals; (ii) the vestibule; and (iii) the cochlea.
The first two structures are primarily involved with balance and
equilibrium, whereas the cochlea is the sensory organ for hearing
sensitivity, Unfortunately, all three of these inner ear structures can be
adversely affected by the aging process. In fact, according to several
studies, hearing loss associated with the aging process may begin in
some individuals between the ages of 30 and 35 years. This incidence
increases with age so that by the age of 65, approximately one-third
of all individuals, both male and female, will suffer from significant

hearing loss; this figure rises to almost two-thirds in those over the
age of 80 (National Center for Health Statistics 1987, Christensen et al
2(01). In addition to these auditory changes, the inner ear balance
structures can also be adversely affected by age.

DIZZINESS AND AGING

According to Desmond and Touchette (1998), dizziness is the most
common reason for primary care physician visits for patients over
the age of 75, and almost 80% of these visits were found to be directly
related to inner ear dysfunction. Dizziness, or the loss of orientation
of the body in space, can be an extremely frightening experience to
the older adult. Individuals are used to being in control of their bodies
and doing what they want, when they want; however, the dizzy patient
may no longer be able to control spatial orientation. In addition, the
person's fright may be complicated by concern that the dizziness is
a symptom of a serious problem, such as a heart attack or stroke.
However, the potential causes of dizziness may be many and varied
and it is therefore imperative that a comprehensive examination be
completed to determine the correct paths for evaluation and treatment
of any condition.

The historical perspectives presented by the patient 'Ire the most
important aspects of the vestibular evaluation. According to a study
by Kroenke et al (1992), and supported by Desmond and Touchette
(1998), when performed by an experienced examiner, the case his
tory is effective in presenting a valid hypothesis for diagnosis and
treatment of the dizzy patient more than 75% of the time. The intake
should cover such areas as a description of the sensation, both at time
of onset and at present; the frequency and duration of the episodes;
precipitating factors; associated factors; and past medical and social
history (Roberts et al2(05). However, the results of the historical intake
are not the only avenues of evaluation available to the clinician.
A broad range of other evaluative procedures have been developed
to aid in the diagnosis and treatment of the dizzy patient (Eggers
2(03). These procedures may include mechanisms such as electro- or
videonystagmography, which measure voluntary and involuntary
eye movement or nystagmus; rotational testing, which permits pre
cise measurements of the vestibulo-ocular reflex (VOR), the reflex that
allows an individual to maintain balance in the presence of move
ment; and dynamic or platform posturography, which aids in the
identification of the presence or absence of both sensory and motor
aspects that are important for balance. The results of these evaluations
may provide recommendations for treatment and/or appropriate
referral. Whereas in the past, many patients were advised that dizzi
ness was a condition that they would 'have to live with', rehabilitative
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treatment is now available for the vast majority of dizzy patients.
These treatments may include medical therapy, vestibular rehabilita
tion therapy, physical therapy and surgical intervention.

One specific cause of dizziness should be highlighted. Benign
paroxysmal positional vertigo (BPPV) is the most common type of
dizziness in individuals over the age of 60 (Herdman 2(00). BPPVcan
bo an extremely frustrating or even debilitating condition; however,
it can now be effectively treated more than 90%of the time by a simple
maneuver called the Epley maneuver (Gans 2000).Although not all
conditions of dizziness can be so effectively cured, progress contin
ues to be made in many areas and, through appropriate treatment,
most patients suffering from a vestibular condition can experience an
improved quality of life.

TINNITUS

Tinnitus, another inner ear-related difficulty,affects millions of people
in the USAalone (Morgenstern 2005). Sindhusake et al (2004) reported
that as many as one in three older individuals may be affected by this
condition. Tinnitus is commonly described as a ringing or other
noise in one or both ears or sometimes within the skull itself. In most
instances, tinnitus is a subjective sensation and, therefore, audible
only to the individual suffering from the condition. However, in rare
instances, tinnitus can be termed 'objective', in that the noise can be
audible to others. According to House (1981), more than 80% of
patients who suffered from inner ear hearing loss also experienced an
associated tinnitus condition. Itshould be noted that tinnitus is not a
disease itself,but rather a symptom of a hearing deficit.Although most
instances of tinnitus are classified as a 'nuisance', some individuals
may suffer from tinnitus conditions that may bedebilitating in nature.
These individuals may be subjected to both physiological and psy
chological ramifications that can significantly affect their quality of
life.At present, most tinnitus treatment strategies focus on alleviating
the severity of the symptoms of the condition, rather than improving
the condition itself. A wide variety of tinnitus treatment strategies
have been proposed over time, yet none has been totally successful. A
number of 'home remedies' or anecdotal treatments have also been
introduced over the years. Unfortunately, these reports are often
embraced by vulnerable people who are desperate in their search for
tinnitus relief. Itis the duty of the hearing specialist to be aware of the
current evaluations, strategies and treatments that are available and to
serve as both a guide and a counselor to those patients suffering from
intractable tinnitus conditions. An excellent resource for both patients
and professionals who express a desire to learn more about tinnitus is
the American Tinnitus Association (www.ata.org).

PRESBYCUSIS

Hearing loss associated with aging is commonly referred to as pres
bycusis (from the Greek: presby = elder; akouein = hearing). Although
some think of presbycusis as being a factor of age alone, it is actually
the outcome of several variables that can occur within an individual's
lifespan (Rosenhallztkll). These variables may include, but are not lim
ited to, metabolic, vascular or renal diseases, inflammations and
infections, medications, head trauma, nutritional deficiencies and
hereditary factors. However, the most common factor related to inner
ear hearing damage is exposure to intense noise levels. In a classic
study published in 1%2by Rosenet al, individuals living in a relatively
noise-freeenvironment in the Sudan showed significantly less hearing
loss than people living in industrialized societies.As a result of this and
other studies, attempts have been made to educate people about the

effectsof noise on hearing. Although some progress has been made in
protecting industrial workers from hearing loss, recreational noise
(associated with such pastimes as automobile racing, hunting or shoot
ing) and intense music continue to be unregulated and, thus, will con
tinue to contribute to presbycusis for generations to come.

The hearing loss associated with presbycusis is usually insidious
and is initially noted as a problem in clarity or understanding of
speech, rather than as a true hearing deficit. Sound may be distorted
secondary to inner ear hair cell damage. Many patients with presbycu
sis will present with the complaint of, 'I hear but cannot understand'.
This initial complaint is usually a result of a decrease in hearing within
the high frequency range of the inner ear cochlea. At birth, the normal
human ear is thought to be functional within a frequency range of
2G-20 000Hz. However, as the individual ages, the cochlear hair-cell
function begins to diminish, especially in the higher frequencies. The
cochlear change deprives the inner ear of a critical connection to the
cerebral cortex. If the auditory signal is unable to reach the brain, inter
pretation will be lacking, resulting in a deficit or loss of auditory
function. The greater the amount of hair-cell damage, the greater the
amount of hearing loss and the greater the handicap imposed on the
individual. Unfortunately, no medical or surgical treatments are
presently available to remediate the vast majority of inner ear hear
ing loss. Although ongoing laboratory studies present hope in sud,
areas as hair-cell regeneration and temporal bone transplant. it will
probably be many years before such dramatic innovations are readily
available. At present, the best hope for alleviation of inner ear hearing
loss lies with electroacoustic devices that can assist the hearing
impaired. The most common of these is the hearing aid.

EVALUATION OF THE HEARING-IMPAIRED
ADULT

No rehabilitative process can be effective without a comprehensive
identification program. The current protocol for initial auditory eval
uation is based upon both traditional and modern procedures. The
purposes of a hearing evaluation include to diagnose conductive
versus inner ear lesions, determine the need for medical or surgical
referral, create a course of rehabilitation, determine the need for a
site-of-lesion evaluation and determine the extent of disability. The
two professions primarily involved in inner ear evaluation and treat
ment are otolaryngology and audiology. The otolaryngologist, or
ear, nose and throat specialist, is a physician who is skilled in the
medical treatment of auditory disease or dysfunction. Over the
years, many auditory conditions that were once thought to be per
manent have been found to be treatable through medical or surgical
techniques. Although reversal of inner ear aging patterns has not yet
been accomplished, ongoing research, including genetic modifica
tion practices, shows promise for the regeneration of hair-cell tissue
or recovery of hair-cell damage.

The audiologist is a non-medical specialist involved with the eval
uation, diagnosis and treatment of hearing and balance problems that
cannot be managed medically. It is usually the realm of the audiologist
to initiate and complete the comprehensive testing process necessary
to identify any problem and develop a course of realistic treatment.
The initial aspect of the auditory evaluation includes such time-tested
measures as otoscopic examination and tuning-fork testing. These
procedures can act as a screening mechanism to allow the professional
audiologist to determine, within a reasonable degree of certainty,
whether a hearing loss is present and whether it can be localized
within the conductive or inner ear mechanism.

Following these initial screening procedures, the audiologist uses
two other traditional hearing measures: pure-tone audiometry and



speech audiometry. In pure-tone audiometry, hearing thresholds are
obtained at several frequencies. In pure-tone air-conduction testing,
the entire auditory system is evaluated, whereas in pure-tone bone
conduction testing, only the inner ear reserve is evaluated. By com
paring air conduction thresholds with bone conduction thresholds,
the clinician can determine, among other things, if medical referral is
indicated.

The pure-tone test results are supplemented by speech audiometry.
Using speech signals to evaluate the auditory system is a tradition that
has been ongoing since the earliest days of auditory testing. Speech
testing can not only be used to validate and confirm the reliability of
pure tones but also to estimate the presence or absence of any distor
tion that may be present within the auditory system, secondary to hair
cell damage.

Other diagnostic measures that are routinely applied include
acoustic immittance testing, which is an objective measure of the
peripheral auditory system and which can provide efficient informa
tion regarding that system. Pure tone, speech and acoustic emittance
evaluations coupled with otoscopy and tuning-fork testing are con
sidered the bedrock of the auditory evaluation. However, these tests
can besupplemented with other measures, such as auditory brainstem
response testing, otoacoustic emission evaluation and electrocochleog
raphy, to provide additional diagnostic data and site-of-lesion infor
mation. When performed by a licensed physician or audiologist, these
diagnostic services are recognized and covered for reimbursement
by Medicare and most third-party insurances.

REMEDIATION OF HEARING LOSS

Hearing loss is a disability that is experienced not only by the
affected individual but also by all those who attempt to communi
cate with that individual. In addition, it is not uncommon for hear
ing loss to be considered by both patient and physician alike as a
somewhat benign condition that is a recognized by-product of the
aging process. Some feel that, although conversation may be diffi
cult, the hearing loss does not pose a significant threat to the overall
health of the patient. However, in a breakthrough study by Bess et al
(1989), it was dramatically demonstrated that hearing loss in the
elderly can have significant ramifications in both physical and psy
chosocial function. Hearing loss is communicatively isolating, and
an individual suffering from such a handicap may be deprived of
social relationships, occupational opportunities and quality-of-life
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INTRODUCTION

For healthcare professionals to deliver the best possible treatment to
their older patients, some special considerations must be discussed.
In order to understand patients' expectations regarding proposed
treatment or procedures, and their ability to follow through with
prescribed self-care,both during and after treatment,a mutually under
standable,accurateand satisfying communication between practitioner
and patient should be established.

The healthcare provider and staff have to identify what commu
nication skills are necessary to reach each older individual. They
must be familiar with the patient's physical assessment so that they
can be aware of any hearing or visual deficits. Knowledge of a
patient's educational level and reading ability is also necessary to
determine how to most effectively present information concerning
treatment and self-care. It has become increasingly recognized that
knowledge of the level of a patient's health literacy is critical because
inadequate health literacy is common among elderly patients, particu
larly inner-eity minorities. However, many articulate, well-groomed
individuals may also have limited health literacy.Such patients often
have an array of communication problems that may affect treatment
outcome. Williams et al (2002) recommend that relatives should be
encouraged to participate in patient interviews or education sessions
to ensure that patients have understood essential information. Creative
alternatives to pamphlets and other written patient education
materials should be used. Cultural differences should also be
considered.

If there is a question concerning the patient's status, simple eval
uation tools can be used. If a barrier does exist, how is it determined
whether there is a short-term confusional state or long-term dys
function? Executive dysfunction and its implications for treatment is
another important aspect to consider. Specific communication tech
niques can be used with patients who exhibit executive dysfunction.

CULTURAL CONSIDERATIONS

Healthcare professionals must consider how those receiving care
should be informed in order to reduce future risk. To understand
and reach a patient, it is necessary to look at each individual's phys
ical and genetic history (Hispanic, African-American, Asian, Anglo,
etc.), as well as cultural beliefs, myths and customs concerning diet
and health. The patient's attitude toward the specific healthcare set
ting can strongly affect their interactions with caregivers.

For example, how can one convince a patient who holds health
care professionals in great respect or awe that it is proper to ask ques
tions or even to ask for another opinion at times? No matter what the
culture, the accepted health professional/patient relationship can
usually be described as one of dependence. In the Mexican-American
culture, with which the author is most familiar, respeto (respect) is
valued highly. Health professionals are greatly respected and are not
usually questioned, even if the patient does not understand the
explanation of the illness or the treatment prescribed.

Health professionals who do not understand the Mexican
American culture often mistake the polite smile and nod of the head
for understanding when patients are asked if they comprehend what
has been explained. In fact, it may mean that the patient does not
want to admit lack of understanding, either for fear of insulting the
provider of the information by implying that a poor explanation has
been given or for fear of being considered ignorant. When patients
do not follow a prescribed treatment regimen, they are described as
being 'not compliant'. Compliance is understood to mean the act of
conforming or yielding, a tendency to yield readily to others, espe
cially in a weak or subservient way. 'Adherence', a term much pre
ferred by this author and used by others concerned with healthcare
and effectiveadult patient education, is defined as 'a mutually agreed
upon course of action'. A person is more likely to make behavioral
changes if situations are explained in a manner that can be under
stood both intellectually and emotionally. The possible or probable
outcomes are put forward by the healthcare provider and the expec
tations of both provider and patient can bediscussed. Then, the mutu
ally agreed-upon course of action is clear and the patient assumes a
measure of control and responsibility for the outcome.

Similarly, how should an issue as culturally sensitive and cultur
ally based as diet be addressed in cases in which a patient is to follow
a specific diet? In addressing the role of diet and the importance of
nutrition in healthcare, Payne (1980) says that nutritional considera
tions are not yet an integral part of most provider/patient office
experiences. This is in spite of the fact that no custom is more uni
versally shared then the ritual of eating a meal together. This ritual
symbolizes family traditions, close relationships, friendships and
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sentiments, and results in definite dietary and cultural habits, which
are passed on from generation to generation. Attitudes about food
and dietary practices within cultural groups can often be related to
attitudes and beliefs that influence diet and consequently have an
impact on health. Therefore, although a clinician may not be fully
armed with knowledge of the intricacies of the diet of a particular
cultural group, there should be at least some awareness of cultural
dietary practices when managing a patient whose culture is different
from the clinician's own.

Toanswer some of the preceding questions, a practitioner must go
beyond the traditional methods of patient education used in most
settings and look at each person as an individual.

LITERACY

The unabridged edition of TheRandom House Dictionary of theEnglish
Language (1973) defines 'literate' as (i) being able to read and write;
(ii) having an education; and (iii) having or showing knowledge of
literature, writing, and so forth. The same reference defines 'illiter
ate' as (i) being unable to read and write; (ii) lacking education; and
(iii) showing lack of culture, especially in language and literature.

The preceding definitions make it necessary to define the words
'culture' and 'knowledge', as they are used in the context of this chap
ter. 'Culture' can be defined as (i) a particular form or stage of civi
lization, that of a certain nation or period; and (ii) the sum total of
ways of living built up by a group of human beings and transmitted
from one generation to another. 'Knowledge', on the other hand, is
defined as (i) acquaintance with facts, truths or principles, as from
study or investigation; (ii) the body of truths or facts accumulated
by humankind in the course of time; and (iii) the sum of what is
known.

Although the ability to read is probably assumed when literacy is
mentioned, the preceding definitions of culture and knowledge do not
depend on that ability. When considering the concept of literacy, it is
important to realize that, of the tens of thousands of languages spoken
during human history, only 106 have ever produced literature and
most have never been written down at all. Of the 3000 spoken lan
guages that exist today, only 78 have a literature (Greenlaw 1987).

Although the generally held concept is that lack of reading ability
means that an individual cannot produce abstract thought, this notion
is emphatically wrong. The inability to read is often the result of the
circumstances in which the individual has lived and is not an indica
tor of lack of intelligence. For example, Mexican-American elders
have worked in a predominately literate (reading) world where
another language is the norm. Most did not have the opportunity
to go to school on a regular basis but have supported and reared
children who probably live in a cultural world that is different from
their own.

Most people would be hard-pressed to function in today's world
without the ability to read and write. Yet, despite the fact that their
health status is generally lower than that of the Anglo population,
Mexican-American elders see themselves as competent and functional
members of their culture and the world in which they live (Smith
1989).

Educators and healthcare providers must approach older
individuals in a way that honors their culture. For any culturally
sensitive population, instructional materials should validate the life
experiences and coping skills that have been developed in order to
survive without the ability to read. To produce materials that are rel
evant to a particular culture, the developers must always pay close
attention to detail and learner analysis, be aware of limited abilities
and be sensitive to cultural norms (Kearney 1984).

WORLD VIEW

World view, as described by Kearney (1984), is the way that human
societies look at reality and make sense of their world. A world view
consists of basic assumptions that mayor may not be accurate, but
are more or less coherent. Geertz (1973) identified a world view as
'their picture of the way things in sheer actuality are; their concept of
nature, of self, of society'. For example, according to Kearney, every
society has a time orientation. For the dominant Anglo culture in
the USA, the orientation is a future orientation; however, for most
Mexican-American elders and many other cultures, the orientation
is that of the timeless present. This has implications because the
changes that practitioners often recommend are seen as applying to
something that might occur in the future. The concepts of chronic
disease, risk factors and the prevention of complications are based in
a future orientation.

An article by Hamadeh (1987)describes an excellent example of a
practitioner of Western medicine who recommended going beyond
what some consider to be customary practice in order to understand
his patient and the patient's situation. He used what he described as
the Ecological Framework approach to generate hypotheses about the
patient's responses. Hamadeh described several levels of analysis:
(i) the individual level, in which psychological problems, stress and
depression may all be factors that contribute to a poor response; (ii) the
family level, in which the factors affecting the patient's illness include
family myths and beliefs about disease and the family's experience
with the medical profession; and (iii)the cultural level, in which factors
affecting illness behavior may be misunderstood by healthcare pro
viders unless they are aware of the larger context of the patient's back
ground; this background includes knowledge of the economic, social
and religious factors affecting the patient's life.

Hamadeh's article concludes with a list of pertinent questions to
be asked when a healthcare provider is new to a community and
wishes to understand the patients (Hamadeh 1987).

1. What is the community's understanding of good health?
2. When is a member considered to be ill?
3. What are common explanations for causes of illness in the

community?
4. What usual modes of treatment and alternative healthcare sys

tems are available?
5. How much is the patient responsible for illness, cure or preven

tion?
6. Who is the medical decision-maker in the family?
7. What are the attitudes towards death and dying?

Tounderstand and treat elders who have lived a traditional life within
their particular culture, healthcare professionals of all disciplines
should learn about their traditions and relate to them with under
standing and acceptance. The way in which educators and health
care providers approach individuals must honor their culture. Is it
ethical to keep on insisting on behavioral change when individuals
demonstrate that they understand the intentions of the caregiver but
they do not wish to change? The attitude of the provider can have a
great impact on the acceptance of a course of action, depending on
whether rigid compliance is expected or whether a course of action
toward change is recommended and mutually agreed upon (adher
ence). The attitude of the provider can greatly affect the likelihood
that a change in behavior or lifestyle will occur.

Because each individual who presents for treatment brings with
them a unique and complex background, it is important to consider
that each also has a unique personality and may respond to treat
ment situations in a different manner. There are three issues that may



have an effect upon the treatment experience: self-efficacy, learned
helplessness and authentic happiness. Self-efficacy is described by
Rowe & Kahn (1998) as the can-do factor and is the individual's
belief in an ability to handle most situations. These authors report
that research has shown this kind of self-esteem leads to improved
performance of many kinds. Individuals who do not exhibit self
efficacy falsely conclude that even small age-related losses in physi
cal ability must result in drastic reductions in activities.

Learned helplessness was researched and reported by Seligman
(1975) and can be described as the opposite of self-efficacy. Several of
the symptoms parallel that of depression. Seligman describes some
of the symptoms as: (i) being isolated and withdrawn, preferring to
be alone; (ii) having a slow gait and behavior; (iii) feeling unable to
act and make decisions; and (iv) giving the appearance of an 'empty'
person who has given up. Seligman suggests that learned helpless
ness, as well as reactive depression, lies in the individual's belief that
valued outcomes are uncontrollable.

The issue of authentic happiness looks at the contrast between the
pessimist and the optimist (Seligman 2002). Pessimistic individuals
have what he describes as a 'pernicious' way of looking at setbacks
and frustrations; they view them as being personal and permanent,
undermining everything and being the fault of oneself. On the other
hand, optimistic individuals have a resilience or strength that allows
them to view setbacks as surmountable, relating to a single situation
and resulting from temporary circumstances or other people.

It is probable that the optimist and the pessimist will view treat
ment and outcomes in a different light. Seligman'S research over 20
years has shown that pessimists are eight times more likely to become
depressed when bad events occur, and have worse physical health
and shorter lives.

The reasoning behind this discussion is that most health profes
sionals are likely to encounter individuals that fit into each of these
categories. If they come to know their patients' strengths and weak
nesses, understand their personalities and listen to them and their
family and caregivers, positive treatment outcomes are more likely.
Rowe & Kahn (1998) warn, however, that not all supportive actions
have the intended effect and that it is possible to provide 'too much of
a good thing' to some elders. There can be a fine line between instru
mental support (instrumental activities of daily living) and the gen
erally positive relationship between emotional support and physical
performance. Providing the best-intentioned support, if not needed,
can reduce an individual's self-efficacy and actually lower physical
performance. This leads full circle to learned helplessness.

Current research suggests that executive dysfunction or impair
ment is common in patients with medical illnesses. Schillerstromet al
(2005) believe that most nonpsychiatric clinicians are unaware of the
importance of executive impairment in medical conditions. Patients
with chronic diseases such as hypertension, chronic obstructive pul
monary disease and diabetes may particularly exhibit executive deficits
that are independent of psychiatric conditions.

Most medical and surgical services commonly use the Mini-Mental
State Examination (MMSE) or other instruments that are not sensitive
to executive function. Executive function is important in many aspects
of patient care because impaired patients are more likely to resist care,
are less likely to follow medical regimens, for example proper inhaler
use, and do not have the capacity to consent to treatment.

PHYSICAL AND COGNITIVE CONSIDERATIONS

Hearing impairment
~--~----------------------

When considering the cultural setting in which providers observe
patients, it is important to remember the physical and cognitive
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barriers that can stand in the way of good communication. Hearing
impairment or loss may have a major impact on rehabilitation (this
problem is described in detail in Chapter 54). In elderly individuals,
the negative effects of a hearing loss may lead to disengagement and
paranoia if impairments are severe and continue for any length of
time. Additionally, loss of hearing may create a sense of loneliness
and isolation, and result in emotional distress because of anxiety or
depression. Certain behavioral compensations by a patient may lead
a healthcare provider to suspect a hearing loss. These compensations
are listed in Box55.1.

Box 55.1 Behavioral compensations indicative of
hearing impairment

• Leaning closer to the speaker
• Cupping anear
• Speaking in a loud voice
• Positioning the head so that the 'good' ear is near the

speaker
• Asking for phrases to be repeated
• Answering questions inappropriately
• Looking blank
• Being inattentive
• Isolating selfor refusing to engage in conversation
• Having a short attention span
• Not reacting
• Showing emotional upset

Visual impairment

An additional sensory impairment that leads to communication dif
ficulties is the loss of vision (presbyopia and various visual patholo
gies are described in Chapter 53). Simple compensations can be used
to assist individuals with visual loss, for example increasing print
size and using bold print in all printed materials, including medical
and personal history forms. Glare should be minimized and bold pri
mary colors used for all written materials, especially instructions.

It is not uncommon for older individuals to have both hearing
and visual loss, which leads to typical behaviors such as squinting,
frowning or grimacing during conversation. Often, individuals with
this type of impairment rely more on touch for reassurance. At times,
they appear to be distrusting or withdrawn. Additionally, they may
worry about being awkward and may exhibit a reluctance to com
municate. This may lead to fearful behavior, even during normal
activities. Methods that help in communication with patients who
have visual or hearing impairments or both are shown in Box 55.2.

Short-term cognitive dysfunction

In addition to the sensory impairments and cultural problems that lead
to communication barriers between healthcare providers and elderly
patients, there are a host of short-term confusional states that can
impede effective communication during rehabilitation. These include
distortion of time and space cues, meaning that the patient becomes
confused as a result of being in an unfamiliar room and having no
familiar objects in view. The hospital schedule is often totally asyn
chronous with the individual's normal schedule.

Hospital conditions may lead to depersonalization; the individual
loses a sense of self. A patient may simply become 'the woman in
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Box 55.2 Aidsto communication for those with
hearing and/or visual impairments

• Cut down on background noise, such as music or other
distractions, to assist a patientwith hearing deficitsor a
hearing aid

• Get the person's attention before beginning to speak
• Do not stand with glare behind you
• Face the patient
• When wearing a mask, take it down before speaking so

that the patient is able to see your lips
• Speak slowly and distinctly, avoiding long complex

sentences
• Ask questions to confirm that the patient has understood
.. Communicate one idea or instruction at a time

room 410, bed one'. The lossofcontinuity with lifehistory may alsolead
to some short-term confusional states. This occurs because an individ
ual's cohorts have all died or been institutionalized, so that there is no
one to whom they can say 'Do you remember ... ?' Also, an individual
may be living alone and the loss of human companionship can result
in withdrawal and disengagement from social activities. Furthermore,
hyperthermia and hypothermia, electrolyte imbalance and certain
medications may lead to acute short-term states of confusion.

Long-term cognitive dysfunction
---

In the presence of cognitive dysfunction, communication takes on a
whole new meaning. There are various common reasons for long-term
cognitive dysfunction in aging patients, including stroke, dementia,
head injuries resulting from fal1s or other accidents and develop
mental disabilities.

When working with a patient with cognitive dysfunction or apha
sia, verbal and nonverbal behavior that makes the individual feel
guilty for not speaking should be avoided. It is important to accept
individuals at their particular level of function and build on that. It
is crucial to point out progrt'Ss so that the patient grasps the idea that
gains are being made. The healthcare provider should ask questions
using verbal and nonverbal communication and encourage patients
to answer them to the best of their ability. If an individual cannot find
the proper words and becomes frustrated, it is important to express
empathy and understanding; however, it is unwise to for the care
giVl'rto pretend to understand something that has not been compre
hended. The provider should get the patient's attention before
speaking and should speak according to their ability, avoiding long
sentences, rapid speech or difficult and uncommon words. It is help
ful to communicate one idea at a time, using clear short sentences
and everyday words, and to avoid speaking in a loud voice unless
the individual has suffered a hearing loss. Facing the aphasic indi
vidual when speaking and using gestures are also useful practices.
In addition, it is wise to avoid asking too many questions at one time
or repeating a question immediately.

Sometimes, the use of written language may be a better and more
understandable method of communication for a particular individ
ual. Acommunication board may be of value.

It is crucial that caregivers do not discuss individuals in their
presence as if they were not there. Individuals should have every
opportunity to hear speech and should be encouraged to participate in
social activities in the home and community at whatever level they

are able. The patient should always be informed of what has hap
pened and what will be happening next. An attempt should be made
to include individuals in major decisions while avoiding giving
them unnecessary details.

It is important to recognize that everyone is an important member
of the team, including the patient. Family and friends should be edu
cated about the nature of the aphasic individual's problems and the
ways in which they can be helpful. A tendency for family and friends
to prescribe therapy for the aphasic patient should be guarded against.
The needs and feelings of the caregiver must not be confused with
those of the patient, nor should the caregiver - or the family - expect
the patient to appreciate all of their efforts.

It is of the utmost importance to avoid letting the lives of other
people revolve around the needs of the individual patient. For fam
ily members, particularly, the best counsel is that they should take
care of their own physical and emotional health. Taking care of them
selves means that they will be in the best possible position to help
their loved ones, the patients (Boone 1983).

Executive cognitive function

Dr Donald R. Royal1 has proposed that dementia might be better
understood as a syndrome of executive dyscontrol: 'The executive
control functions are the cognitive processes that orchestrate rela
tivelysimple ideas, movements, or actions into complex goal-oriented
behaviors (such as cooking a meal) (Box 55.3). They help maintain
goal-directed behavior in the face of both internal and external dis
tractions. Without them, behaviors important for independent living
can be expected to break down into their component parts. Direction
and purpose are lost, undermining the independence of demented
patients. This situation can lead to problem behaviors in a variety of
settings' (Roya111994a).

Box 55.3 Components of executive cognitive function

• Simple elements make upcomplex goal-setting behavior
• Planning involves selecting simple appropriate behaviors

and sequencing them into a coherent complex whole
• The judgment of which behaviors are appropriate is

made in the context of the current external situation
and relevant internal drives, motives or goals

• The execution of a complex series of behaviors requires
continuous reappraisal of the situation and the individ
ual's own progress towards the goal

Many problem behaviors can be construed as examples of disor
dered executive cognitive function (ECF).

Treatment outcomes and function are indirectly affected by ECF
impairment. Patients are often given responsibilities that are goal
directed and require executive control. Diabetic patients are often
required to self-administer insulin based on the outcome of glucose
monitoring. Psychologists call this a 'go/no-go' paradigm; it is espe
ciallysensitive to ECFimpairment in humans. Synthesis is required to
bring all the pieces together and administer the correct dosage.

In patients with ECF impairment, the ability to synthesize or to
sequence all of the necessary pieces of a plan together to reach a spe
cific goal is simply not there. Even those patients who have success
fully completed the MMSE (see Chapter 30) may not be properly
diagnosed with ECF dysfunction and may appear simply to fail to



follow their insulin regimen or their dietary restrictions. Royall (l994b)
has stated that, 'Poor adherence to prescribed diet or medication is a
well-known cause of poor outcomes in chronic medical conditions
such as diabetes or congestive heart failure:

For patients to keep appointments made weeks in advance or to
remember to refill prescriptions or file for insurance requires ECF
behaviors. Therefore, executive impairment that goes unrecognized
interferes with treatment, expected outcomes, access to care and fol
lOW-Up.

There is no single comprehensive test for executive function. Dr
Royall and his colleagues have developed the EXIT25 and the CLOX
instruments in an attempt to operationalize ECF testing at the bed
side. With training, lay personnel can administer EXIT25. EXIT25
and CLOX have demonstrated ECF impairment in a variety of con
ditions, including in association with problem behaviors.

When there is a diagnosis of ECFdysfunction, or if a patient is unable
to ~o from step one to step two in a procedure in which proper
instruction has been given, the family or formal caregiver must be
taught the procedure. Instructing a caregiver allows the patient to
maintain a feeling of control and self-worth.

Including the caregiver in treatment planning has many positive
features: 'Studies indicate that caregiver descriptors are stronger pre
dictors of functional status and level of care than the severity of the
patient's dementia or problem behavior. Early in dementia, a patient's
executive control allows for his or her participation in decision
making. Once executive control is lost, the caregiver's role in these
decisions becomes more important. The maintenance of adequate
supervision, a safe environment, treatment adherence, and the avoid
ance of unwitting cues for inappropriate behavior are all under the
caregiver's control. Ritualizing the patient's daily routine early in the
course of the dementia may help the caregiver as the disease pro
gresses' (Royall and Mahurin 1990).
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Chapter 56

Dysphagia
Lisa Tews and Jodi Robinson
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• Dysphagia treatment

For most individuals, eating is a pleasurable and social event that is
often considered an important part of the quality of life. However, for
individuals with dysphagia, the task of eating may be difficult and
even lead to serious medical consequences such as dehydration, mal
nutrition and aspiration pneumonia.

DEFINITION

Dysphagia, or swallowing disorder, is the medical term used when
an individual experiences difficulty, discomfort or pain when swal
lowing.

PREVALENCE

Dysphagia affects millions of individuals; however, there is variabil
ity in the literature regarding its prevalence. Figures tend to differ by
the type of healthcare setting, the patients sampled and the sampling
methodology. In the general population:

Approximately 10 million Americans with dysphagia are evalu
ated every year.
It is estimated that swallowing disorders affect 1 out of 17 people.
Some studies have found the prevalence to be as high as 22%
in adults over the age of 50, whereas other studies indicate
that approximately 7-10% are affected. This variation may result
from the fact that many patients with dysphagia do not seek
medical care.

In specific settings, it has been determined that dysphagia is
present in:

• 61% of adults admitted to acute trauma centers;
• 41% of patients in rehabilitation settings;
• 30-75% of nursing home residents;
• 25-30% of patients admitted to hospitals.

It is known that individuals with swallowing disorders have
higher rates of mortality and morbidity. In patients with acute stroke,
one study estimated that 10% of deaths that occur within 30 days of
admission to a hospital are a result of aspiration pneumonia. Further,
for every 11 patients in whom pneumonia can be prevented, an esti
mated one death may be avoided (American Speech-Language
Hearing Association 2006).

ETIOLOGY

Dysphagia can be caused by a multitude of disorders, diseases and
surgical procedures. In many cases, it is a side effect of medication
(Box 56.1). It is important to understand each etiology and the
impact it can have on the swallowing process.

For elderly individuals, in particular, a swallowing problem
may be triggered when the body is weak and in a deconditioned
state, such as after a major surgery. Moreover, any condition or med
ication that reduces saliva production, muscle strength, coordination
or alertness level may have a negative impact on the swallowing
function.

NORMAL SWALLOWING PHYSIOLOGY

The act of deglutition can be divided into four phases: (i) the oral
preparatory phase, when food is manipulated in the mouth and
masticated if necessary; (ii) the oral or voluntary phase of the swal
low, when the tongue propels food posteriorly until the swallowing
reflex is triggered; (iii) the pharyngeal phase, when the reflexive
swallow carries the bolus through the pharynx; and (iv) the
esophageal phase, when esophageal peristalsis carriers the bolus
through the cervical and thoracic esophagus into the stomach.

381
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Box 56.1 Conditions that mayaffect the swallowing process

1. Neurological/neurogenic
• Pseudobulbar palsy
• Bulbar palsy
• Cerebrovascular accident
• Traumatic brain injury
• Neurovascular disease
• Acute encephalitis
• Acute meningitis
• Seizure disorder
• Peripheral neuropathy
• Transient ischemic attack
• Metastatic cancer (advanced stages)

2. Congenital/progressive neurological

• Polio
• Postpolio syndrome
• Multiple sclerosis
II Parkinson's disease
• Amyotrophic lateral sclerosis
• Huntington's chorea
• Myasthenia gravis
• Myotonic dystrophy
• Guillaln-Barre syndrome
• Cerebral palsy
• Tardive dyskinesia

3. Cognitive/psychological
• Globus hystericus
• Right hemisphere dysfunction
• Dementia

4. Structural
• Head and neck cancer
• Laryngectomy
• Glossectomy
• Esophagectomy
• Hiatal hernia
• Zenker's diverticulum

For a normal swallow to occur, there must be oral propulsion of
the bolus into the pharynx, airway closure, upper esophageal sphinc
ter opening, and tongue base to pharyngeal wall propulsion to trans
port the bolus through the pharynx into the esophagus (Logemann
199H). During the pharyngeal stage of deglutition, when airway clo
sure is achieved, respiration halts until the swallow is completed. In
essence, swallowing and respiration are reciprocal functions. When
,my one or a combination of the stages of swallowing is atypical, there
is an increased potential for aspiration to occur. Aspiration (entry of
material into the airway below the level of the true vocal cords) may
be considered a hallmark of dysphagia, but there are numerous other
complaints or observations that can signal a swallowing disorder, as
shown in Box56.2.

Although the presence of a dysphagia is not necessarily life
threatening, the presence of aspiration, if left untreated, can result in

• Congenital or acquired anomalies

• Burns
• Tracheostomy
• Focal tumors
• Laryngeal trauma/vocal fold injury

5. Skeletal and connective tissue

• Lupus
• Scleroderma
• Inflammatory myopathy
• Cervical rheumatoid arthritis
• Cervical osteophyte
• Osteoarthritis
• Cervical spinal cord injury
• Fractures (facial, spinal)
• Contractures

6. Respiratory
• Chronic obstructive pulmonary disease
• Asthma
• Emphysema

7. Medical/other
• Esophageal reflux
• Decline in functional status/deconditioning
• Radiation therapy (head and neck)

8. Surgical procedures
• Laryngectomy
• Anteriorcervical spine surgery
• Carotid endarterectomy

9. Medications
• Antipsychotics
• Anticonvulsants
• Antihistamines
• Neuroleptics
• Barbiturates
• Antiseizure

serious medical complications. It is important to recognize overt
signs and symptoms of aspiration and report them to the patient's
nurse, physician or the speech-language pathologist as quickly as
possible (Box 56.3).

The symptom of gagging is listed in Boxes56.2 and 56.3.Although
the absence of a gag reflex has often been associated with an
inability to swallow, there are no data to support this premise. In
fact, studies show that an estimated 13-37% of normal individuals
have a reduced or absent gag reflex when stimulation is applied to
the posterior pharyngeal wall. This is especially true in the elderly
(Murray 1999).

In most cases, the patient's family, physician or nurse will be the
first to identify the warning signs of dysphagia. However, they may
alsobe discovered by other members of the interdisciplinary team who
work with the patient in activities of daily living. The occupational



Box 56.2 Examples of dysphagia symptoms

" Coughing or choking on liquid
" Coughing or choking on food
" 'Holding' food in the mouth
" Difficultychewing or avoiding foods that require

mastication
" Pocketing food in the cheek
" Drooling
" Loss of food or fluid from the mouth
" Slow eating, especially with solid foods
" Gagging
" Food sticking in the throat
" Excessive mucus
" Regurgitation
" Weight loss

Box 56.3 Possible signs of aspiration

• Eyes watering
" Reddening of the face
" Change in rate of respiration
" Difficultyor inability to breathe
" Change in lung sounds
" Audible breathing
" Facial grimacing
" Coughing
" Gagging
" Throat clearing
" Gurgly vocal quality
" Chest pain
" High or low back pain
" Inability to produce voice or speaks onlyin a whisper

therapist may observe problems during feeding skills or the dieti
cian may find that the patient prefers ground meats instead of solids.
Regardless of which team member identifies the problem, it is
appropriate and necessary that a referral be made to the speech
language pathologist. It is the role of the speech-language pathologist
to evaluate the patient, make the appropriate diagnosis and treat the
dysphagia, if warranted.

DYSPHAGIA ASSESSMENT

The swallow is most commonly evaluated in one of two ways:
using a clinical (or bedside) swallow examination or an instrumental
examination.

Bedside examination
-----,-----------------------
After a thorough case history is obtained, the speech-language pathol
ogist performs a bedside exam. Upon completion, it is determined
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whether the patient is a candidate for oral feeding and the appropriate
diet is recommended. If a swallowing problem is suspected in the
pharyngeal stage of the swallow or the patient demonstrates clinical
signs of aspiration, an instrumental exam is necessary and nothing
by mouth (NPO) is generally recommended. It is important to note
that the presence of 'silent aspiration' cannot be detected at the bed
side. Approximately 50% of individuals who aspirate do not cough
when material enters the airway. Studies have shown that 40% of
patients who aspirate will be undetected if evaluated by a bedside
exam alone, even when performed by the most experienced clinician
(Logemann 1983).Hence, it is crucial that the patient have an instru
mental exam to fully assess the physiological function of the swal
lowing mechanism if aspiration is suspected.

Instrumental examination

The most common typesof instrwnental examination currently being
performed in the USA are the radiographic evaluation (also known
as a modified barium swallow, videofluroscopic swallow evaluation
or cookie swallow test) and the fiberoptic endoscopic evaluation of
swallowing (FEES). The purpose of the instrumental examination is to
identify the presence and cause of aspiration. Once the etiology is
determined, appropriate therapeutic techniques can be implemented.
In cases of severe dysphagia, in which the patient is unable to safely
swallow any consistencies, or if the ability to maintain adequate nutri
tion is a concern, alternative or supplemental nutrition or hydration
may be recommended. Nutrition and hydration may be provided
using a temporary method, such as intravenous feeding or a nasogas
tric (NG) tube. If recovery is anticipated to be more long term, a gas
trostomy tube (G-tube) or jejunostomy tube Q-tube) is placed. When
possible, the efficacy of parenteral nutrition should be discussed
with the patient, family and physician. Recently, individuals have
become more autonomous when making healthcare decisions; this
means that there may bepatients who do not agree to the insertion of
artificial means of nutrition. If a patient chooses not to comply with
recommendations, it is the role of the healthcare team to educate the
individual regarding the risks of aspiration pneumonia and other
medical sequelae. In knowing that there may always be patients who
continue oral nutrition despite the risks, some facilities have
adopted the practice of 'pleasure eating' and 'free water protocols'
(Franceschini 2002).

DYSPHAGIA TREATMENT

Treatment for a swallowing disorder is specific to the individual.
Based on the findings of the assessment, diet modification may be
required. Table 56.1 shows some common diet recommendations.
Each institution typically has its own diet hierarchy in place.

In addition to diet texture modifications, postural changes such as a
chin down position or head rotation may be required during the
swallow. The force of gravity on food flow through the pharynx can
be altered when a change in posture is applied (Table56.2).

Dysphagia rehabilitation also typically includes muscular strength
ening, range of motion (ROM) exercises and specific swallowing
maneuvers. In conjunction with traditional therapy exercises, sur
face electromyographic (sEMG) biofeedback may also be employed.
Research has shown that this noninvasive procedure is useful in
providing general information about the duration and amplitude of
muscle activity during the swallow. It can also be used to assess
aspects of the oropharyngeal swallow, as peak electromyographic
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Table 56.1 Dysphagia diet progression Table 56.3 Exercise programs and swallowing maneuvers

Adapted fromthe National Dysphagia DietTask Force 2002.

Table 56.2 Effects of posture changes during swallowing

Levell Dysphagia pureed (pureed, smooth and cohesive foods
that require very little chewing ability)

Liquids Thin liquid
Nectar consistency
Honey consistency
Pudding consistency

Thermal/tactile stimulation;
suck/swallow; quickdownward
pressure on tongue; sour bolus

Lee Silverman voice treatment
Effortful swallow; super-supraglottic
swallow; tongue holding (Masako
maneuver); tongue-base retraction
exercises (yawn, tongue hold, gargle)

Falsetto; effortful swallow; effortful
phonation of 'eee'

Super-supraglottic swallow; falsetto;
pitch exercises; Mendelsohn maneuver

Super-supraglottic swallow; Mendelsohn
maneuver

Supraglottic swallow; adduction
exercises; Teflon or gelfoam injection

Mendelsohn maneuver; Shaker exercises;
recovery; dilatation (if scar tissue);
myotomy (onlyafter recovery)

Oral stimulation (taste, temperature,
pressure, texture)

Increase oralsensation (pressure/
cold/sour)

Tongue exercises (chewing with gauze,
manipulation)

Lipexercises (resistance, ROM)
Manual pressure
Tongue exercises (resistance, ROM)

Exercise program/swallowing maneuver

JawROM exercises

Apraxia

Reduced pharyngeal
contraction

Reduced laryngeal
elevation

Reduced closure at
laryngeal entrance

Reduced laryngeal
closure at vocal folds

Cricopharyngeal
dysfunction

Pharyngeal stage
Delayed or absent
triggering ofthe
pharyngeal swallow

Slow pharyngeal transit
Reduced base of
tongue movement

Oral stage
Reduced lip closure
Reduced cheek tension
Reduced tongue
elevation

Reduced tongue
lateralization,
anteriorto posterior
movement

Reduced range of jaw
movement

Oral awareness

Stage of the swallow

EffectPosture

Level II Dysphagia mechanically altered (soft, moist, cohesive
semisolid foods that require some chewing and can
easily be formed into a bolus; meats areground or
finelychopped)

Level III Dysphagia advanced (foods that are naturally soft and
near regular texture; hard, dry, sticky or crunchy foods
are excluded)

------
Level IV Regular (all foods allowed)

Head back Uses gravity to clear the oralcavity

Chin down (i) Widens valleculae, narrows airway to prevent
bolus entering airway; [il] pushes tongue base
backward towards pharyngeal wall; (iii) puts
epiglottisin more protective position

- -------- ------
Head rotated (i) Puts extrinsic pressure on thyroid cartilage,
to damaged side increasing adduction; (ii) increases vocal fold

closure byapplying extrinsic pressure; (iii)
eliminates damaged side from bolus path

- - ----- - ----
Lying down on Eliminates gravitational effecton pharyngeal
one side residue

Directs bolus down stronger side

Adapted fromLogemann JA1998. Swallowing Disorders.

Pulls cricoid cartilage away from posterior
pharyngeal wall, reducing resting pressure in
cricopharyngeal sphincter

Head tilt to
stronger side---------------------
Head rotated

activity indicates maximal hyolaryngeal elevation during the swal
low (Crary & Groher 2000).

The speech-language pathologist develops a program that is tai
lored to the abnormal phases of the swallowing process (Table 56.3).
As with any exercise program, the following factors must be taken into
consideration: fatigue, ability to follow directions, cognitive and
behavioral status, and compliance.

In addition to the conventional therapeutic techniques already
discussed, new treatments are emerging for the management of

Adapted from Logemann JA1983.

dysphagia. Examples of these less conventional treatments include
electrical stimulation (direct stimulation of the suprahyoid and thy
rohyoid muscles using hooked-wire electrodes) and deep pharyn
geal neuromuscular stimulation (the use of frozen lemon glycerin
swabs to stimulate the pharyngeal swallow at specific reflex sites).
Interventions such as these are invasive and have been scrutinized
by many speech-language pathologists. The research completed thus
far is diverse in terms of both quality and results (Freed et a12oo1,
Leelamanit et al 2002, Burnett et al 2003). As in any profession in
which integrity must be upheld, it is vital that evidence-based research
be conducted to determine the effects of a treatment on a specific
population. In a society in which fads often come and go, it is essen
tial that all team members remain alert. Through practice of the best
techniques available and good clinical judgment, patients with dys
phagia will be better able to maintain optimal nutrition, health and
quality of life.
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INTRODUCTION

Bladder and bowel incontinence among older adults is common and
often treatable. Unfortunately, embarrassment and inadequate knowl
edge of treatment options prevent many older adults from reporting
incontinence to healthcare professionals. The social consequences of
incontinence are profound, and incontinence often precipitates insti
tutional placement. About 10-40% of community-dwelling older
adults report urinary incontinence and up to 10%report fecal inconti
nence. Among residents of nursing homes, over 50% have urinary
incontinence and 16-60%have some problem with fecal incontinence.
Both types of incontinence are much more common in women than
men but, in the case of fecal incontinence, the gender ratio decreases
with increasing age.

INCONTINENCE OF THE BOWEL

Normal control

Incontinence of the bowel is usually defined as an involuntary loss of
stool through the anus that is severe enough to cause hygienic or
social problems. In older adults, it may occur as an isolated incident
in response to an acute event. Chronic fecal incontinence increases
with increasing age.

Sensory and motor mechanisms contribute to the control of defe
cation. Typically,contractions in the proximal colon move feces into
the rectum. The rectum stretches to hold the feces. The internal and
external anal sphincters, as well as the puborectalis muscle, play
especially important roles in preventing leakage. The internal anal
sphincter is a 2-3 mm band of smooth muscle surrounding the anus. It
is contracted and normally relaxes to allow emptying of the rectum.
The external anal sphincter primarily consists of striated muscle: it
voluntarily contracts, when needed, to prevent leakage. The puborec
talis muscle forms a loop around the posterior aspect of the external

sphincter. Contraction of the puborectalis muscle creates an anorec
tal angle. This angle and the puborectalis muscle assist in preventing
defecation.

Defecation is initiated in response to rectal filling. Parasympathetic
nerve impulses initiate strong peristaltic waves that move the fecal
content along. At the same time, other body actions such as the
Valsalva maneuver and upward and outward contraction of the pelvic
floor musculature help to move the fecesdownward and outward. The
final response is voluntary relaxation of the external anal sphincter.

With increasing age, pelvic floor musculature may weaken. Age
related loss of strength, as well as possible changes in tissue elasticity,
may contribute to a decreased resting tone of the anus, particularly
in women (Tariq 2004).

Causes of incontinence

The causes of fecal incontinence in the elderly are shown in Box57.1.
Fecal impaction and diarrhea are the most common causes of fecal
incontinence and are often treatable. Leakage of stool may also result
from loss of sensation or loss of muscle tone. Finally, stool loss may
occur as a result of changes in the cognitive capacity to interpret sen
sory signals.

Stool leakage around an obstruction is often found in older adults.
Most of these individuals have chronic fecal impaction, often as a
result of chronic laxative abuse and poor bowel habits. Cancer or a

Box 57.1 Etiologyoffecal incontinence

• Fecal impaction
• Loss of normal continence mechanism

- Local neuronal damage (e.g. pudendal nerve)
- Impaired neurological control
- Anorectal trauma/sphincter disruption

• Problems that overwhelm normal continence mechanism
• Psychological and behavioral problems

- Severe depression
- Dementia
- Cerebrovascular disease

• Neoplasm (rare)

Adapted from Tariq SH 2004, with permission.
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benign polyp will sometimes be the cause. Whatever the cause, liq
uid stool from higher in the colon will leak past the hard immovable
obstruction and drain from the anus, despite the best efforts of the
patient.

A patient who has a condition that causes loose stool (drugs, inap
propriate diet or infection) may suffer involuntary loss of this watery
fecal material. For example, antacids containing magnesium, the
consumption of dairy products by a person who is lactose intolerant
and Salmonella infection can cause diarrhea. Loose stool may also be
seen in bedridden patients who have poor muscle tone. A change of
gravitational force may cause additional physiological and social
demands on bedridden patients who are starting transfer and gait
activities.

Loss of sensation of the perineum results in the patient not sensing
the need for rectal emptying until natural forces have done so, lead
ing to involuntary loss. Such perineal anesthesia may result from
spinal cord injury, tumor or stroke.

Loss of muscle tone by the muscles of continence may change the
balance of forces such that the expulsive force of the colon exceeds
any voluntary attempt by the patient to impede such force. Tumor,
stroke, spinal cord injury, pudendal neuropathy and surgery fre
quently precipitate loss of muscle tone.

Patients may lose stool because they lack the cognitive capacity to
realize what is happening. Such patients may have forgotten how to
properly manage stool (as in dementia) or may not be sufficiently ori
ented to manage it (as in delirium).

Patients who haw a moderate impairment - anatomical, physic
logical, mental or a combination of these - and who are impeded in
some way from establishing a usable stooling position may appear
to be incontinent. In addition, individuals with mobility limitations
may be prevented from getting to a commode in a timely fashion.
Rearranging their environment may make it easier for these patients
to mana ge.

Diagnosis and therapeutic intervention

Diagnosis of fecal incontinence begins by obtaining a careful history
from the patient, the nursing staff, the physician and the medical
record. The history includes a description of:

bowel habits, change in habits and fecal consistency;
bowel frequency, urgency, ability to delay, soiling and ability to
distinguish gas from feces;
emptying difficulties, including straining, incomplete emptying
and pain;
the capacity to access the toilet (communication, cognitive and
mobility);
medication, chronic medical conditions, obstetrical injury, radia
tion tu prostate or cervix and surgeries in the anorectal area;
any previous treatment.

The physical examination includes palpation of the abdomen to
look for colon distention, a rectal examination, a neurological exam
ination and assessment of mobility, hygiene and mental functioning.
Diagnostic tests may include stool cultures, blood tests, a barium
enema. radiographic procedures, anal manometry, ultrasound and
electrom yography.

Treatment is guided by the underlying cause and severity of incon
tinence. Medical management may include dietary management,
e.g, increasing fiber intake. Bowel management and training may
involve medication (e.g.loperamide can be used to prevent diarrhea)
and a toileting schedule. Neuromuscular re-education, including
biofeedback, has also shown promising results in some patients.
Diarrhea, one of the reversible conditions, should becontrolled no mat
ter what its cause. Treatment typically requires multiple approaches.

INCONTINENCE OF URINE

Many of the points already discussed are important when consider
ing urinary incontinence, which is a much more common occur
rence. Urinary incontinence is defined as an involuntary loss of urine
that is severe enough to cause social or hygienic problems. The con
sequences of urinary incontinence are listed in Box 57.2. In addition,
the direct monetary cost of urinary incontinence has been estimated
to be over US $16 billion a year (Wilson et al 2001). The enormity of
the problem can beseen by examining the direct and indirect costs as
shown in Box 57.3.

Box 57.2 Psychosocial consequences of urinary
incontinence for the patient, caregiver and community

Effect on individual

• Psychological strain: shame; anger; depression; embarr
assment; loss of confidence; loss of self-esteem

• Social interactions; isolation; disengagement; abandon-
ment

• Diminished sexual interest and activity
• Fear of institutionalization
• Decreased mobilityand travel
• Decreased involvement in hobbies and activities
• Diminished interpersonal contact and relationships
• Increased dependence

Effect on caregiver

• Caregiver burden and burnout
• Resentment
• Increased financial burden
• Potential for neglect and abandonment
• Avoidance and diminished interpersonal relationships
• Increased likelihood of placement in long-term institution

Effect on community

• Increased financial burden
• Avoidance behavior
• Feeling of guilt to involved patients
• Feeling of resentment or disdain
• Extrapolating health image to assume individual is

demented, debilitated, nonfunctional, incapable of
realizing a good qualityof life

• Fully dependent

Adapted from HajjarRR 2004Psychosocial impactof urinaryincontinence
in the elderly population. ClinGeriatrMed 20:553-564.

Normal control
-------- --------- -- -_. --

Urine is stored in the bladder, which stretches during filling. Urine is
held in the bladder as long as the pressure in the bladder remains
lower than the urethral resistance. Urination occurs when the bladder



Box57.3 Costs of incontinence

Diagnostic andevaluation costs

• Diagnostic and evaluation tests
• Physician and health professional services for evaluation

and management

Treatment costs

• Behavioral therapy
• Surgery
• Medication

Routine costs

• Pads and protection products
• Hygiene and deodorant products
.. Laundry directly related to incontinence

Complications

• Skin irritation
• Urinary tract infections
• Falls

Institutional costs

• Nursing home admissions
• Excess acute hospital days

Adapted from Wilson et al 2001.

muscle (detrusor muscle) contracts, forcing urine into the urethra.
Muscles surrounding the urethra relax, allowing urine to pass out of
the body.

Types of incontinence

Four distinct types of urinary incontinence can be identified, although,
in many cases, these presentations are mixed: urge incontinence,
stress incontinence,overflow incontinence and functional incontinence.

Urge incontinence occurs when a patient feels the need to empty
the bladder but is unable to get to a toilet before urination occurs. In
urge incontinence, involuntary loss of urine may be large and post
void residual volume small. Post-void residual volume is measured
by having the patient void as completely as possible and then imme
diately placing a straight catheter into the bladder and measuring
the remaining urinary volume. The most common cause of this type
of incontinence is an overactive bladder muscle (detrusor instabil
ity). It is most prevalent among individuals with diabetes, stroke,
Alzheimer's disease, Parkinson's disease and multiple sclerosis.

Stress incontinence occurs when a cough, strain, laugh, sneeze or
otherwise-initiated Valsalva maneuver causes involuntary loss of
urine. Trunk flexion exercises and, possibly, the sit-to-stand move
ment may provoke stress incontinence. At such times, a few drops to
a few ounces of urine escape from the bladder. Post-void residual
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volume is small. This is the most common type of incontinence seen
among middle-aged women.

Overflow incontinence occurs when the bladder is overly dis
tended (either because of an outlet obstruction or a bladder anomaly),
causing bladder pressure to exceed urethral pressure, no matter
what the patient may attempt. Another cause of overflow inconti
nence is the loss of the bladder sphincter secondary to surgery or
injury. Loss of urine occurs in small amounts, but may occur nearly
continuously. The post-void residual volume is high (potentially
liters). Diabetes, spinal cord injury and an enlarged prostate can all
precipitate overflow incontinence.

Functional incontinence occurs when individuals with normal blad
der and urethral function have difficulty getting to the toilet before
urination occurs. Those with impaired mobility or mental confusion
may have this type of incontinence.

Diagnosis and therapeutic intervention

Diagnosis of urinary incontinence begins with a carefully conducted
history that includes a description of:

.. voiding history;

.. urinating difficulties, including straining, decreased flow of
stream, intermittent flow, hesitancy;

• irritation symptoms, such as urgency, frequency, urge inconti
nence;

• communication and cognitive capacity to access a toilet;
• medications, chronic medical conditions, pelvic or spinal sur

gery, trauma;
• any previous treatment.

The patient should be examined to identify any reversible causes of
incontinence, as well as any neurological disease, abdominal mass or
pelvic organ prolapse. The DIAPPERS mnemonic shown in Box57.4

Box57.4 Reversible causes of urinary incontinence
(DiAPPERS)

Delirium or otherconfusional state
Infection, urinary tract,symptomatic
Atrophic urethritis or vaginitis
Pharmaceuticals
• Sedative/hypnotics, especially long acting
• Alcohol abuse
• Loop diuretics (e.g. Bumex, Lasix, Edecrin)
• Anticholinergic agents (e.g. antipsychotics, antidepres

sants, antihistamines, antiparkinsonian agents, antiar
rhythmics, antispasmodics, opiates, antidiarrheal
agents)

Psychological disorders (especially depression)
Endocrine disorders (hyperglycemia or hypercalcemia)
Restriction mobility
Stool impaction

From Clinical Practice Guideline: Urinary Incontinence in Adults. US
Department of Health and Human Services. Public Health Service, Agency
for Health Care Policy and Research, with permission.
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is useful for identifying reversible causes of urinary incontinence.
Men should also receive a prostate examination. Diagnostic tests
may include post-void residual volume and urodynamic tests, uri
nalysis and culture, and blood tests.

Treatment is guided by the underlying cause and the severity of
incontinence. Some causes of urinary incontinence are reversible and
easily treated. Medications may be used to prevent unwanted detru
sor muscle contractions or to increase muscle tone. Implants can be

Box 57.5 Selected treatmentoptions available to
physical therapists

• Bladder training including
- Patient education
- Scheduled voiding
- Positive reinforcement
- Urge-suppression techniques

• Pelvic floor muscle retraining including
- Biofeedback
- Strengthening exercises
- Endurance exercises

• Transvaginal electrical stimulation
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Chapter 58

latrogenesis in older individuals
John O. Barr. Timothy L. Kauffman and LaDora V. Thompson

an advanced directive for frail elderly individuals represents iatro
genesis (vonSternberg 1993).

Adverse drug reactions from prescription drugs result from incorrect
ordering and administration (Bates et all999) and improper dosages
(Leape et al 1995). Polypharmacy in the elderly is a confounding
issue. Other problematic errors may be based on misreading test
results or the ambiguous presentations of symptoms, yet another
hallmark of aging (Merck Manual of Geriatrics 2000, Lantz 2002,
Agency for Healthcare Research and Quality 2004).

In an effort to promote safer healthcare, the US Department of
Health and Human Services, the American Hospital Association and
the American Medical Association have joined together to develop
'Five Steps to Safer Healthcare', presented in Box58.1.This fact sheet
informs patients about the steps that they can take to ensure safer
healthcare.

---I
• Introduction I
• Adverse drug reactions I
• Immobility ,
• Summary of interventions for immobility J
• Conclusion _

CHAPTER CONTENTS

INTRODUCTION

latrogenesis is defined as any injury or illness that occurs as a result of
medical care (Taber's Cyclopedic Medical Dictionary 2(05). An iatro
genic condition is a state of ill health or adverse effect caused by med
ical treatment; it usually results from a mistake made in treatment,
and can also be the fault of a nurse, therapist or pharmacist. The risk
of iatrogenesis in individuals over the age of 65 is twice as high as that
of a younger person (Gurwitz et aI1994).

A host of factors, many of which are hallmarks of aging, increase
the risk of the elderly suffering an iatrogenic condition. The presence
of multiple chronic diseases potentiates the possibility that the treat
ment of one problem may have a negative impact on another. For
example, the use of a nonsteroidal antiinflammatory medication in
the treatment of arthritis may exacerbate heart failure or chronic gas
tritis. Fragmentation of health delivery into many specialties may lead
to changes being made in therapeutic interventions without adequate
communication among caregivers.

Hospitalization increases the risk for nosocomial infections, transfu
sion reactions, polypharmacy and immobility. Mobility is critical for
well-being and quality of life in the elderly individual. Surgical and
medical interventions may lead to complications because of anesthe
sia or fluid overload (Merck Manual ofGeriatrics 2000).Older patients
often arrive at hospital without medications or an appropriate list of
prescribed drugs, meaning that scheduled doses may be missed for
hours or days.

Medical errors can be significant albeit unintentional. The Institute
of Medicine (10M) reported that, in the USA,as many as 44000-98000
people of all ages die in hospitals each year as a result of medical
errors. These errors occur in all settings and carry a tremendous cost,
estimated to be almost US$38 billion each year. The 10M (1999)
attributed most errors, not to negligence or misconduct, but to sys
tem-related problems. It has even been suggested that the absence of

Box 58.1 Five Steps to Safer Healthcare-

1. Ask questions if you have doubts or concerns.
• Ask questions and make sure you understand the

answers.
• Choose a doctor you feel comfortable talking to.
• Take a relative or friend with you to help you ask

questions and understand the answers.

2. Keep and bring a list of all the medicines you take.
• Give your doctor and pharmacist a list of all the medi

cines thatyou take, including nonprescription medicines.
• Tell them about any drug allergies you have.
• Ask about side effects and what to avoid while taking

the medicine.
• Read the label when you getyourmedicine, including

all warnings.
• Make sure your medicine is what the doctorordered

and know howto use it.
• Ask the pharmacist about yourmedicine if it looks dif

ferent than you expected.

3. Get the results of any test or procedure.
• Ask when and how you will get the results of tests or

procedures.
(continued)
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• Don't assume the results are fine if you do not get
them when expected, be it in person, by phone or
bymail.

• Call your doctor and ask for your results.
• Ask what the results mean for yourcare.

4. Talk to yourdoctorabout which hospital is best for your
health needs.
• Ask your doctor about which hospital has the best

care and results for yourcondition if you have more
than one hospital to choose from.

• Be sure you understand the instructions you getabout
follow-up care when you leave the hospital.

5. Make sure you understand what will happen if you need
surgery.
• Make sure you, your doctor and your surgeon all agree

on exactly whatwill be done during theoperation.
• Ask yourdoctor, 'Who will manage mycare when I am

in the hospital?'
• Ask yoursurgeon:

Exactly what will you be doing?
About how long will it take?
What will happen after the surgery?
How can I expect to feel during recovery?

• Tell thesurgeon, anesthesiologist and nurses about any
allergies, bad reactions to anesthesia and anymedica
tions you are taking.

°AHRQ 2003 Patient Fact Sheet. Publication no.03-M007. Agency for

Healthcare Research andQuality. Rockville. MD. Available

http://www.ahrq.gov/consumer/5steps.htm.

This chapter focuses on iatrogenesis related to adverse drug reac
tions and immobility, and offers suggestions for proactively prevent
ing these conditions.

ADVERSE DRUG REACTIONS

Polypharmacy is a complex multifactorial issue. Individuals aged 65
and over take 33-40% of all prescription medications in the USA
(Lantz 2002) and over 50% of the over-the-counter medicines.
Approximately four out of five people in this age group take at least
one drug daily (Beyth & Shorr 2002). Zhan and associates (2001)
reported that one out of five people aged 65 or older who lived in the
community was taking at least one prescription drug that was inap
propriate as determined by an expert panel. These researchers
recommend that the following medications be avoided in the elderly:
barbiturates, flurazepam, meprobamate, chloropropamide, meperi
dine (pethidine), pentazocine, trimethobenzamide, belladonna alka
loids, dicyclomine, hyoscyamine and propantheline.

Age-related physiological changes affect the absorption, distribu
tion, metabolism and elimination of drugs. Stomach changes, such as
increased pH or altered motility, may reduce drug absorption.
Decreasesin total body water and lean body mass, as well as increases
in total body fat, can alter drug distribution. Diminutions of liver mass
and blood flow may alter drug metabolism, and reductions in renal

plasma flow and glomerular filtration rate (GFR)decrease drug elim
ination via the kidney (Beyth & Shorr 2002).

A complication of type 2 diabetes mellitus is chronic renal failure.
Corsonello et al (2005) reported that chronic renal failure may be
unrecognized or 'concealed' and may contribute to an adverse drug
reaction (ADR). A standard method for determining renal failure is
detection of elevated serum creatinine; however, in the elderly, it
may be within the normal range because of the decreased GFR. Thus,
renal failure may be 'concealed' and subsequently lead to an ADR,
especially in patients using hydrosoluble drugs [sulfonylureas, met
formin, digitalis, angiotensin-eonverting (ACE) inhibitors, insulin,
diuretics, antibiotics such as penicillins and cephalosporins, and non
steroidal anti-inflammatory drugs (NSAIDS)). In their study of 2257
hospitalized patients with type 2 diabetes mellitus, over 16%had con
cealed renal failure and over 10%of all patients had ADRs.

Individuals with dementia are especially vulnerable to ADRs
because of an increased availability of protein-bound agents (because
of loss of lean body mass, and reduced albumin) such as antidepres
sants and antipsychotics (Lantz 2002). Secondary parkinsonism is often
caused by medications, including antipsychotics (Merck Manllal of
Geriatrics 2(00). Tardive dyskinesia is a drug-induced movement disor
der that is usually caused by antipsychotics such as haloperidol. It is
characterized by abnormal involuntary movements involving the
tongue and lips, e.g. chewing motions, and produces a feeling of motor
restlessness and not wanting to stay still. As with all ADRs,a change of
prescription drugs is helpful, if at all possible. Additionally, antipsy
chotics, as well as beta blockers, carbidopa-levodopa, diuretics and
sedative-hypnotics (benzodiazepines), may cause sleep disturbances
in elderly individuals.

In recent years, testosterone replacement has been used to treat sec
ondary hypogonadism and the related male problems of sarcopenia
and changes in libido, bone mass and visuospatial cognition. Calof et al
(2005) performed a meta-analysis of clinical trials to evaluate the risks
of ADRs in men over the age of 45 who undergo testosterone replace
ment. They reported that this medical intervention was significantly
associated with higher rates of prostate cancer, elevated prostate
specific antigen and prostate biopsies. Hematocrit was alsoelevated
and warrants monitoring in men taking testosterone. There were no
Significant differences between the testosterone group and placebo
group in the frequency of sleep apnea or cardiovascular events.

Quiceno & Cush (2005) have noted that medication-related iatro
genic events may masquerade as rheumatic disorders. Although rare,
myopathic syndromes associated with the use of statins include
myopathy, myalgia, myositis and rhabdomyolysis. Drugs that induce
lupus include procainamide, hydralazine, methyldopa, quinidine and
chlorpromazine. Gout, most commonly produced by underexcretion
of uric acid, is associated with ethanol use, diuretics, low-dose sali
cylate, cyclosporin (ciclosporin), ethambutol, pyrazinamide, levodopa
and nicotinic acid. Arthralgias can be the result of antiinfectives (e.g.
quinolones and vaccines), biological agents (e.g. interferons and
growth factors), supplements (e.g. fluoride and vitamin A), Iipid
lowering statins and fibrates, cardiac drugs (e.g. quinidine, propra
nolol, acetabulol, nicardipine) and hormonal agents (e.g, raloxifene.
tamoxifen, letrozole).

The use of medications in the elderly is complex and is associated
with iatrogenesis, as noted above. Antidepressant or analgesic med
ications have also been associated with falls in ambulatory frail
elderly individuals (Lipsitz et al 1991). However, medications that
carry risks of ADRs may also provide benefits. Won et al (2006)
reported that the use of short- or long-acting opioids in nursing
home residents was not associated with an increased risk of falls,
depression, constipation, delirium, dehydration or pneumonia. They
found that the use of pain medications improved functional status
and social engagement.



Actions that can be taken to limit drug-related iatrogenesis have
been outlined by Stolley and associates (Stolley et al 1991). They
include educating patients and staff about drug effects and potential
problems; carrying out a formal drug review by a gerontological
nurse and pharmacist; and taking an accurate drug history, which
includes a thorough assessment of drug allergies, possible drug bor
rowing and proper drug use by patients.

IMMOBILITY

Many physical, psychological, pathological and environmental fac
tors can result in bedrest or immobility. Box 58.2 summarizes the
usual causes of immobility in the elderly; these causes will be dis
cussed below.

Box 58.2 Causes of immobility in the elderly

Musculoskeletal disorders
• Arthritis
• Osteoporosis
• Fractures (especially femur)
• Podiatric problems (bunions. calluses)

• Pain

Neurological disorders
• Stroke
• Parkinson's disease
• Alzheimer's disease

Cardiovascular disease
• Congestive heart failure
• Coronary artery disease (frequent angina)
• Peripheral vascular disease (with frequent claudication)
• Pulmonary disease
• Chronic obstructive pulmonary disease

Environmental causes
• Forced immobility
• Inadequate aids for mobility (canes, walkers, appropri-

ately placed railings)
• Being wheelchair-bound
• Stairs and otherarchitectural barriers

Other
• Fear of falling
• Malnutrition
• Deconditioning
• Drug side effects

As well summarized by Kelley & Mobily (1991), a wide range of
factors can contribute to iatrogenic immobility in healthcare settings.
These factors include physical and architectural barriers; institutional
policies (e.g. related to comprehensive patient assessment, and
chemical and physical restraints, etc.); medical regimens (e.g,
bedrest, intravenous therapy, indwelling catheters, etc); characteris
tics of other facility residents and opportunities for socialization; and
staff characteristics (e.g. care patterns that promote dependence,

latrogenesis in older individuals 393

inadequate staffing and limited availability of physical and occupa
tional therapists).

Bedrest can be beneficial and necessary during an illness but it can
also have negative consequences that complicate the return to inde
pendence. It may contribute to iatrogenic complications if activity is
not resumed as soon as possible. During a period of immobility,
pathophysiological alterations occur in the major organ systems.
Box 58.3 outlines the major changes that can occur in the muscu
loskeletal, cardiovascular, respiratory, integumentary, urinary, gas
trointestinal, neurological and metabolic systems. These alterations
occur to varying degrees depending on the organ system, the previ
ous level of fitness of the individual and the extent of immobility.
Bedrest-induced alterations can begin within the first 24h and, if
immobility continues, can result in new illnesses.

Box58.3 Pathophysiological alterations of immobility

Musculoskeletal
• Decreased range of motion
• Decreased joint flexibility
• Development of contractures
• Loss of muscular strength (muscular atrophy)
• Loss of muscular endurance (deconditioning)
• Loss of bone mass
• Loss of bone strength

Cardiovascular and respiratory
• Decreased ventilation
• Atelectasis
• Aspiration pneumonia
• Deterioration of the respiratory system
• Increased cardiac output
• Increased resting heart rate
• Increase of orthostatic hypotension

Integumentary
• Development of pressure sores
• Skin atrophy
• Skin tears

Urinary and gastrointestinal
• Urinary infection
• Urinary retention
• Bladder calculi
• Constipation
• Fecal impaction

Neurological
• Compression neuropathies
• Depression
• Perceptual ability
• Social isolation
• Learned helplessness
• Altered sleep patterns. anxiety, irritability, hostility

Metabolic
• Negative nitrogen balance
• Loss of calcium
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There are challenges in understanding the consequences of bedrest
in older individuals because they have diminished physiological
reserves secondary to age-related changes and disease processes.
Every organ system is altered when a person is immobile, so it is crit
ical that healthcare professionals recognize the negative conse
quences of bedrest or immobility for the older individual. The return
to independence of elderly individuals can be speeded up if they
understand the deleterious consequences of immobility, the relative
time frame in which these consequences can develop and the poten
tial value of therapeutic interventions.

Gill et al (2004) examined bedrest in community-dwelling individ
uals who were at least 70 years old over an 18-month period. Each
month, the participants were asked if they had stayed in bed for at
least half a day because of illness, injury or other problems. Nearly
60% of the nondisabled volunteers had at least one episode of
bedrest, lasting an average of 2.8 months. Bedrest was significantly
associated with declines in instrumental activities of daily living and
social activity, with trends toward diminished physical activity and
mobility also noted.

It is important to ascertain the basis for instituting bedrest. Rest is
indeed important for individuals who complain of fatigue and tired
ness. However, Avlund et al (2003) determined that community
living individuals who were 'tired' during daily activities at an ini
tial evaluation had greater mobility disability and participated less
in strenuous activities at follow-up 18 months later.

Impact of immobility on organ systems and
related functions

-----------------
Musculoskeletal system - joint range of motion

Immobility results in the loss of weight-bearing forces on joints.
When joints are unloaded, there is a rapid change in the cellular
biochemical and mechanical properties that results in alterations in
periarticular and articular structures. The joint capsule becomes
thickened and the synovium hyperemic. There is fibrofatty prolifer
ation of connective tissue within the joint space. Collagen becomes
denser and develops a more random arrangement, which results in
the shortening of tendons. The ligaments of the joint atrophy, which
results in a decline of tensile strength. Functionally, there is an
increase in joint stiffness, a decrease in the flexibility of joints and a
decrease in joint range of motion (ROM). These alterations in the cel
lular biochemical and mechanical properties can occur within 5 days
of immobilization, with measurable losses in joint ROM occurring
within a week. Long-term immobilization produces significant
reductions in ROM; there can be as much as a 45% decrease after
5 weeks, which can lead to the development of contractures.

All joints are susceptible to the effects of immobilization but the
hip, knee and ankle are particularly sensitive. Impairment of the
I{OM in the hip, knee and ankle can lead to problems with sitting,
functional positioning, walking and balance stability. Physical and
occupational therapists can counteract joint ROM deterioration sec
ondary to immobilization by enabling continued movement of
joints. Decreased ROM (especially in shoulder external rotation, hip
extension, knee extension and ankle dorsiflexion), limited joint flex
ibility and the development of contractures can be counteracted by
therapeutic heating. Therapeutic heating increases the compliance of
collagen fibers and is followed by ROM exercises, strengthening
exercisesand stretching. Normal loading of the joints (weight-bearing
exercises) may be very important in attenuating the changes in artic
ular cartilage. The objectives of the exercises are to improve mobility
and flexibility and to relieve stiffness. The older individual is taught
to perform these exercises independently as soon as possible. General

body stretching for a period of 15 min increases flexibility.
Appropriate positioning, splinting and early ambulation are good
therapeutic techniques that assist in maintaining functional ROM of
joints. Appropriate resting and night splints can prevent a dropped
foot condition and pressure ulcers.

Musculoskeletal system - muscular strength and
endurance

Inactivity causes a significant decline in muscle strength and muscle
endurance. The muscles most affected by immobility are the anti
gravity muscles that facilitate locomotion and assist in maintaining
an upright position (quadriceps, glutei, erector spinae and gastrocne
mius-soleus muscles). Generally, 10-15% of muscle strength is lost
each week; however, as much as 5.5% may be lost for each day of
immobility. The greatest loss of strength occurs during the initial
period of inactivity. Inactivity-induced loss of muscle strength is not
linear; bedrest for 4-5 weeks has been known to decrease the strength
of lower-limb extensor muscle groups by 20-25%. In addition to the
decrease in physiological and functional muscle strength, muscles
atrophy and resting lengths change - shortening leads to loss of
motion and lengthening leads to stretch weakness.

As muscle strength decreases, there is a concomitant decline in
endurance. The decrease in endurance has a profound influence on the
ability to sustain any activity of daily living. Fatigue is a common com
plaint because of the decreased endurance and diminished exercise
tolerance. Adaptations of the muscle system interfere with mobility,
performance of the activities of daily living, posture and gait. The
amount of strength and endurance lost by the elderly during bedrest
is variable.

Rehabilitative services provide essential treatment strategies for
disuse atrophy and muscle weakness. Therapeutic exercise is
designed to increase muscle strength and endurance. Progressive
resistive exercises (isometric and isotonic contractions) are particu
larly important because they are muscle specific but have crossover
effects on other muscle groups. An exercise program that requires
the development of maximal muscular contraction intermittently
(30- to 60-s contractions) is beneficial in attenuating the decline in
muscle strength. Ideally, the exercise program is initiated at 60% of
the maximum lift (3-4 sets of 8-10 repetitions per muscle group),
with a rest period between each set. The Valsalva maneuver should
be avoided because it may elevate blood pressure and jeopardize the
cardiovascular response.

Musculoskeletalsystem - bonemass and strength

Immobility causes a loss of bone mass. With bed rest, there
is a decrease in the gravitational forces superimposed on bones,
which leads to bone demineralization and a loss of trabeculae vol
ume. Bones become thin, porous and fragile because of a relative
increase in osteoclastic activity and greater resorption of bone. Bone
loss occurs as early as the third day of immobilization. Bone alter
ations induced by immobilization predispose the elderly patient to
fractures of the hip, spine and extremities. The elderly are especially
vulnerable because bone loss resulting from inactivity or limited
mobility is compounded by bone loss resulting from age-related
osteoporosis. Complications such as urolithiasis and heterotrophic
calcification can occur.

Rehabilitative treatment techniques for enhancing bone mass and
strength consist mainly of increasing muscle strength, mobility and
ambulation as soon as possible. Restoring weight-bearing forces is
essential for maintaining bone mass and reversing bone loss.
Ambulatory exercise has been found to restore bone mineral at a rate



of 1% per month. In addition to early standing and ambulation, iso
tonic and isometric contractions (muscle-strengthening programs)
assist in the prevention of bone wasting.

Cardiovascular system

The cardiovascular system undergoes significant changes during
bedrest. Many of the changes are immediate; these are probably the
most serious changes. When a patient is in the supine position,
approximately 11 % of the total blood volume is redistributed from
the circulatory system of the lower extremities to the thorax. The
increased volume of blood entering the thoracic circulation results in
an increase in cardiac output. Thus, there is an increase in the cardiac
workload as the heart works harder to circulate the extra volume.

Cardiovascular deconditioning also occurs with bed rest; there is
an increase in the resting heart rate and a decrease in maximal oxy
gen uptake. It has been reported that, after 3 weeks of bedrest, the
resting heart rate increases by 20%, with an average increase of one
beat for every 2 days of bedrest. Bedrest diminishes physical work
capacity by blunting the normal exercise-induced increase in stroke
volume and cardiac output. Maximal oxygen uptake goes down,
leading to diminished exercise tolerance (manifested by weakness,
fatigue and shortness of breath). ln young subjects, peak maximal
oxygen uptake decreases by an average of 7.5% (range 0.3-26%) after
10-20 days of bedrest.

Orthostatic hypotension is a common cardiovascular complication
of immobility. When moving from a supine to a vertical posture, a
redistribution of blood occurs. Venous return is reduced and central
venous pressure, stroke volume and systolic blood pressure decrease
concomitantly. Baroreceptors in the autonomic nervous system typi
cally elicit sympathetic stimulation to counter these effects; however,
during bedrest, position changes do not elicit postural vascular
responses, resulting in orthostatic hypotension. Orthostatic hypoten
sion can occur in the elderly when they are immobilized for as little as
1 week. Signs and symptoms of orthostatic intolerance include tachy
cardia, nausea, diaphoresis and syncope. Functionally, orthostatic
hypotension can significantly enhance the risk of falls and decrease
stability during standing and ambulation. Orthostatic blood pressure
changes become more exaggerated after prolonged immobilization,
leading to orthostatic intolerance and diminished exercise tolerance.

Recovery from orthostasis is very slow after bed rest. Orthostatic
hypotension may not only impair rehabilitative efforts but also pre
dispose the elderly to serious cardiovascular events such as stroke
and myocardial infarction.

The development of venous stasis predisposes the patient to the
development of both pelvic and peripheral venous thrombosis.
Pulmonary emboli can occur as a serious complication of venous sta
sis. The seated position encourages flexion of the hips, knees and
elbows. This position forces the feet to remain dependent and also
predisposes the patient to the development of venous stasis.

The Valsalva maneuver, an increase in intrathoracic pressure pro
duced by forceful exhalation against a closed glottis, is common in
patients with inactivity. The Valsalva maneuver occurs because of
straining when turning in bed, lifting oneself and pushing oneself up
etc. With the increase in intrathoracic pressure, venous blood flow is
inhibited, resulting in an increase in pulse rate and a transient
increase in systemic blood pressure.

Anticoagulants, elastic stockings, changes in position (including
sitting) and early rehabilitative intervention can prevent or limit the
extent of deconditioning and orthostatic hypotension. Intermittent
sitting during the period of immobility attenuates the large decline
in maximal oxygen uptake and the development of orthostatic
hypotension. Therapeutic exercise consisting of aerobic conditioning
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is important for preserving cardiopulmonary fitness. Exercise in an
upright position or use of a reverse gradient garment prevents or
reduces the decrease in maximal oxygen uptake. Both isometric and
isotonic exercises incorporating large muscle groups are essential. In
the deconditioned patient, therapeutic exercise should be started at a
very low intensity. It may be initiated with active and weight-bearing
or resistive exercises in the bed or in a chair. For example, adequate
sitting tolerance can be established by increasing the frequency and
duration of sitting. If orthostatic hypotension is a problem, tradi
tional treatments (elastic hose, elevation of the head of the bed at
night and progressive mobility training) are necessary. For the
severely deconditioned patient, early mobilization requires close
monitoring of the patient's symptoms and vital signs (see Box 41.4,
Guidelines for termination of an exercise session). Guidelines for
ambulation frequency are not well established but it is reasonable to
have the patient walk until mild fatigue is present, three times a day.
It is critical to educate patients and their caregivers about the impor
tance of exercise.

Respiratorysystem

The supine position leads to changes in lung volume and the
mechanics of breathing. These changes are significant in the elderly,
who already have diminished lung recoil. With immobilization, the
vital capacity and tidal volume of the lungs decrease, secretions
increase and expectoration decreases. There is insufficient clearance of
the airway, which results in the pooling of secretions and increased bac
terial growth distal to the obstruction, predisposing the elderly
patient to pneumonia and local atelectasis. Atelectasis and pneumo
nia are common complications of immobility in all patients, and pul
monary embolism and aspiration pneumonitis can also occur.
Impaired ventilation-perfusion, the widening of the alveolar-arte
rial gradient and the decrease in arterial oxygen lead to oxygen
desaturation.

Preventive measures include mobility at the earliest possible time
and respiratory muscle training, which is taught to patients so that
they can practice it independently throughout the day.

Integumentary system

Decubitus ulcers are serious consequences of immobilization. With
prolonged compression, skin circulation and skin perfusion decrease
over bony prominences, causing infarction of the skin. The skin
becomes more vulnerable to the forces of pressure, shear, friction
and moisture, and tissue injury results. The extent and duration of
immobilization are crucial factors in the development of impaired
tissue integrity. If tissue injury does occur, healing is slowed because
the body's metabolism is impaired, particularly with respect to nitro
gen imbalance. Large decubitus ulcers may lead to even more seri
ous infections such as osteomyelitis.

The older individual is particularly susceptible to the develop
ment of pressure sores when immobile. With aging, the skin
becomes a less resistant barrier. It is predisposed to injury because of
age-related decreases in the amount of subcutaneous adipose tissue,
the number of sweat and sebaceous glands and the elasticity of con
nective tissue (see Chapter 52, Skin Disorders).

Appropriate beds and bed materials (mattresses, e.g. air, fluid,
alternating pressure, egg-crate, etc.) that distribute pressure are
essential. Changes in position relieve pressure and decrease the risk
of pressure sores, so a turning schedule should be instituted.
Protective clothing and the incorporation of rehabilitation exercises
as soon as possible aid in prevention. All healthcare providers must
practice appropriate preventive measures, giving extra attention to
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patients who have recently had anesthesia or are taking medications
that induce relaxation and deep sleep. The effects of these medica
tions increase the risk of pressure sores as do repeated transfers,
armrests, foot pedals and the sling effects from a soft pliable chair
back or seat.
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Elderly hospitalized patients have an increased risk of incontinence
(Gill et aI2004). In a recumbent patient, loss of gravitational empty
ing of the renal pelvis leads to stagnation in the calyces. Impaired
renal drainage, changes in urinary calcium levels and the decreased
pH of the urine predispose the elderly to calculus formations, aggrega
tion of crystalloids and urinary tract infections. The increased duration
of urinary stasis in both the kidney and bladder allows for bacterial
growth.

Risks can be lessened by frequent turning, sitting up in a chair and
the use of a bedside commode or the bathroom rather than a bed
pan. Adequate fluid intake and early mobility can also be beneficial,
as can isotonic and isometric exercises performed daily during
bedrest to attenuate and stabilize fluid shifts.
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During bedrest, the elderly may have a limited fluid intake, a dimin
ished appetite and alterations in ingestion, digestion and elimination.
The ability to digest and use nutrients is interrupted because of the
reduction in the cellular exchange of nutrients that occurs with slowed
metabolic activity.Constipation and fecal impaction can occur because
of the decrease in intestinal motility (peristalsis decreases), inadequate
ingestion of fiber and fluid and difficulty in defecating because of
weakness. Swallowing may be difficult in a supine position. The dis
ruption of eating habits can cause clinical malnutrition and loss of
weight.

Early standing and ambulation are valuable in minimizing
declines in gastrointestinal function.

Compression neuropathies can occur with lengthy bedrest. Ulnar,
radial, median, sciatic and peroneal nerve compression injuries have
been observed. Falling asleep while leaning against the wheelchair
armrest can cause a radial nerve injury.

Sleep patterns are altered by immobility and this can cause tired
ness, depression and lack of motivation. Distortion of time perception,
mood changes, a poorer sense of well-being and learned helplessness
can all occur. Loneliness and a longing for recognition have been
noted in healthy young individuals during only 3 h of immobility.
Bedrest causes a decrease in coordination and a marked increase in
body sway, resulting in altered balance and stability and an
increased risk of falls. Balance decrements occur after 2-3 weeks of
bed rest.

Variable high- and low-intensity short-duration isotonic training
during bedrest has been shown to assist with sleep patterns and
mental concentration. Early mobility, especially standing and ambu
lation, improve balance.
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Loss of calcium and the development of a negative nitrogen balance
occur during immobility. Hypercalcemia can result and cause fur
ther problems such as anorexia, nausea, vomiting, abdominal

cramping, constipation, muscle weakness and lethargy. A negative
nitrogen balance secondary to muscle breakdown can occur within 5
days of immobilization. Metabolic balance is particularly important
if a tissue injury such as a burn or laceration has occurred because the
success of repair of damaged tissue is dependent on an optimal meta
bolic environment. Rehabilitative exercises for mobility and strength
attenuate any metabolic imbalances.

SUMMARY OF INTERVENTIONS FOR
IMMOBILITY

The longer an individual remains inactive, the more pronounced the
negative consequences are and the longer it takes for the body to
return to a healthy status. Major physiological changes that occur
early in immobility involve the f1uid-electrolyte and venous compli
ance systems, and these changes can be life-threatening. Immobility
cannot be avoided but many of its adverse effects can be prevented by
means of therapeutic intervention (Box58.4).

Box58.4 Strategies for minimizing negative
consequences of bedrest

• Minimize duration of bedrest
• Avoid strict bedrest unless absolutely necessary
• Allowbathroom privileges or bedside commode
• Let the patient stand for 30-60s whenever transferring

(e.g. bed to chair)
• Encourage the patientto wear street clothes
• Encourage the patientto take meals at a table
• Encourage the patientto walk to hospital appointments
• Encourage patient passes out of the hospital in the

evenings and at weekends
• Involve physical therapy, occupational therapy and restor

ative nursing
• Encourage dailyexercises as a basis of good care
• Use protective splinting

Patients' mobility should be assessed and reassessed on an ongoing
basis. Optimal management of immobile elderly patients necessitates
thorough assessments, specific diagnoses and multimodal treatment
by multidisciplinary geriatric consultation teams. Physical and occu
pational therapists assess and manage immobility and associated
functional disabilities and should be consulted as early as possible in
cases that involve immobile elderly patients. Even relatively small
improvements in mobility can decrease the incidence and severity of
complications and improve the well-being of older individuals. When
full activity is not possible, limited activity such as movement in bed
and intermittent sitting and standing reduce the frequency of some
complications of bedrest. Proactive nursing care to prevent the seque
lae of bedrest is crucial, as is ongoing nutritional assessment.

Specific rehabilitation objectives include controlling disease activ
ity, decreasing pain, correcting deformities, restoring or improv
ing efficient function and preventing future episodes (Box 58.5).



Box 58.5 Physical therapy in the management of
immobile elderly patients

Evaluation
• Assess the need for and teach the use of assistive devices

for ambulation and activities of daily living
• Evaluate, maintain and improve joint ROM
• Evaluate and improve strength, endurance, motor skills

and coordination
I> Evaluate and improve mobility, balance and gait
.' Evaluate and improve ability to perform activities of daily

living
., Assess mobility: bed mobility, transfers. ambulation

Goals
• Relieve pain
• Restore. maintain and improve the ability to function

independently

Interventions
~ ROM exercise (active and passive),
• Resistive exercise. including isometric and isotonic
• Heat (hot packs, paraffin, etc)
~ Cold
iii Hydrotherapy
fI Ultrasound
o Transcutaneous electrical nerve stimulation
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INTRODUCTION

Hormone therapy has been riding the roller coaster of public opinion
since 1966 when Robert Wtlson published Feminine Forever (W'tlson
1966). Touted as the fountain of youth, estrogen used in uncontrolled
amounts was thought to revitalizeand rejuvenate menopausal women.
The tidal wave of interest in estrogen replacement therapy came to an
abrupt halt 12-15 years later after the publication of an article that pro
vided the first clinical evidence that estrogen therapy may increase a
women's risk of endometrial cancer (Mack et al1976).

Estrogen regained some of its luster 10 years later, with the support
of clinical data that demonstrated its efficacy and safety when used in
a combined regimen with progesterone. Research demonstrated the
protective effects of hormone therapy on the development of osteo
porosis, heart disease, Alzheimer's disease and, potentially, colon can
cer. These results strengthened support for hormone therapy among
clinicians and patients alike (McMichael & Potter 1980, Colditz et al
1987). However, thisshort-lived respite once again came to a grinding
halt in [uly 2002when the National Heart, Lung and Blood Institute of
the National Institutes of Health (NIH) released the unblinded first
ann of the first prospective study into the effects of hormone replace
ment therapy on postmenopausal women (Petitti 2(02).

RESULTS OF THE WOMEN'S HEALTH
INITIATIVE

The Women's Health Initiative studied almost 50 000 women receiv
ing hormone replacement therapy after menopause. The women
were divided into two groups: those with an intact uterus receiving a
combination of estrogen and progesterone and those, posthysterec
tomy, receiving estrogen alone. The estrogen and progesterone arm
was stopped in July 2002 because the apparent risks of hormone
replacement therapy outweighed any evident benefits. The estro
gen-only arm of the study continued for another 2 years before it,

too, was prematurely discontinued: it failed to show the protective
benefit that the study was designed to demonstrate. In total, 7 of the 8
projected years of the study had elapsed and, although with estro
gen alone there was no increase in the risk of breast cancer, a signifi
cant increase in the risk of heart disease, blood clots and stroke
became evident for women receiving hormone replacement therapy
(Anderson & Limacher 2004). This information was a wake-up
call to physicians to carefully analyze what women need in the
menopausal years to maintain health and reduce risk.

The Women's Health Initiative (WHI) was designed to look at
the effects of hormone replacement therapy on the risks of breast
cancer, heart disease, stroke, blood clotting, osteoporosis and frac
tures, and colorectal cancers. It did not initially assess the symptoms
of menopause, including hot flashes, insomnia, mood changes and
genital dryness and atrophy. However, further analysis looked at
menopausal quality of life and found that, although women receiv
ing hormone replacement therapy had significant improvements in
sleep, physical functioning, body pain, hot flashes and mood swings,
overall, there was no significant difference in sexual well-being,
mental health or vitality. What the study did show was an increased
risk of breast cancer that began after 4 years of clinical use and that
raised the relative risk by almost 25% in women receiving estrogen
plus progesterone. This extrapolated to eight additional breast can
cers per year per 10000 women receiving hormone replacement
therapy. In the women receiving estrogen alone, no such increased
risk was evident. Concurrent studies published in the Journal of the
American Medical Association reported that breast cancers that
developed after hormone replacement therapy were more aggressive
and larger than other breast cancers, and that women with a previ
ous history of breast cancer had a higher rate of recurrence when
receiving hormone therapy (Anderson & Limacher 2004).

Heart disease was also a major factor in the discontinuation of the
WHI (Anderson & Limacher 2004).An increased risk of heart disease
was noted in the first year of the study and the relative risk for the
development of heart disease rose by 29%, extrapolating to seven
more heart attacks per 10 000 women using hormone replacement
therapy each year. This seemed to hold true for both women receiv
ing estrogen alone and women receiving estrogen and progesterone
in combination. Multiple etiologies for these phenomena have been
postulated, including an increase in the levels of C-reactive protein
and insulin-like growth factor in women receiving oral estrogen.
However, this has yet to be proven definitively (Ridker et aI1999).

The study also found an increased risk of stroke, with an increased
relative risk of 41%, which extrapolated to eight more cerebral vas
cular accidents per 10 000 women taking hormone replacement
therapy per year. This risk seemed to hold true for all age groups,
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regardless of any baseline stroke risk such as hypertension, diabetes,
previous coronary disease or use of aspirin or lipid-lowering drugs.
A similar and parallel risk was demonstrated for the development of
other blood clots: there were approximately eighteen more clots
per 10000 women per year. The risk for the development of blood
clots was greatest in the first 2 years of therapy and decreased, but
was still significantly elevated, after 4 years of use (Anderson &
Limacher 2(04).

The Women's Health Initiative Memory Study (WHIMS)was pub
lished in May 2003 (Hays et al 2(03) and, contrary to previous beliefs
supported by the Nurses Health Study, which identified hormone
replacement therapy as a major prevention strategy for dementia,
demonstrated an increase in dementia among women using hor
mone replacement therapy over the age of 65. There were an addi
tional 23 cases of dementia per 10000 women, with no statistical
difference in risk regardless of socioeconomic status, educational
attainment or use of aspirin. In addition, no protection was afforded
for mild cognitive impairment, a less severe form of dementia
(Shumaker et all999, WHIMS 2(06).

There was some good news in the WHI: osteoporotic fracture risk
was reduced by 34%, resulting in five fewer fractures per 10000
women per year. This was the first trial to document a decreased risk
of fractures with hormone replacement therapy and not just an
improvement in bone density (WHI 2006). A similar reduction in the
risk of colon cancer was demonstrated; after 3 years of hormone
replacement therapy, the relative risk of the development of colon
cancer was reduced by 37%,resulting in six fewer cancers per 10000
women per year.

Limitations of the Women's Health Initiative
There were some significant limitations to the WHI that may make
interpretation of the data difficult. This was a short study; however,
breast cancer, colon cancer, osteoporosis and heart disease may take
many years to develop. The average age of new participants in
the study was 63 years, and many of these women had spent more
than 10 years in menopause before beginning hormone replacement
therapy.

Subclinical coronary disease, as well as subclinical breast cancer,
may have been present before the initiation of therapy, meaning that
some so-called healthy participants were, in fact, more ill than the
general population. In addition, women with a high risk of develop
ing the symptoms of menopause, such as hot flashes or osteoporosis,
were excluded from the study, resulting in an eligibility bias against
benefit. Finally,only one in four of the experimental group was actu
ally taking their hormone replacement therapy at the end of the fifth
year of study. These limitations make data interpretation a challenge.

ALTERNATIVE MANAGEMENT OF
MENOPAUSE

No other menopausal treatment or regimen has undergone this
degree of scrutiny. The assumption that alternative treatments for
menopause and their effects are safe is unwise (North American
Menopause Society 2004). Weare therefore faced with an aging pop
ulation of women who are living more of their life in menopause,
and a population of patients who are more educated and more
consumer-savvy about healthcare. It is up to clinicians to educate
themselves about the management of menopause, to talk to patients
and allow them to contribute to decision-making with regard to

menopausal therapies and to continually reassess the risk of adverse
outcomes for patients over their lifetime (Carroll 2006).

The Women's Health Initiative has provided physicians with a
unique opportunity to join with patients to create a designer approach
to their menopause management. No two women have the same
experiences, risk and needs. The goal of this partnership is to create
a fluid approach that continually evaluates risks, symptoms and
comorbidities and addresses the specific needs of women as they
enter menopause. Special attention must be given to the prevention
of heart disease, osteoporosis, memory loss and sexual dysfunction
and the development of menopausal symptoms (WHI 2006).

The modification of heart disease risk requires lifestyle changes.
Risk can be reduced by dietary reduction of saturated fats, exercise,
smoking cessation, assumption of ideal body weight and reduction
of alcohol consumption. Preexisting conditions such as hyperten
sion, diabetes and hyperlipidemia should be optimally controlled to
prevent the development of heart disease. The recognition of the
gender differences between men and women in the presentation of
heart disease is essential for optimal risk reduction.

The prevention of osteoporosis goes beyond hormone replace
ment therapy. Lifestyle changes such as increasing exercise, smoking
cessation, maintenance of an ideal body weight and adequate
calcium and vitamin D supplementation will help to prevent osteo
porosis. Other therapeutic devices, such as selective estrogen recep
tor modulators (SERMs) that mimic the effects of estrogen in bone
without affecting the cardiovascular system or breasts, have been
proven to prevent osteoporosis. Bisphosphonates and calcitonin
have been shown to build damaged bone. Unfortunately, natural
estrogen analogs have not been found to be as helpful in osteoporo
sis prevention.

The reduction of menopausal symptoms relies on lifestyle changes
such as limiting alcohol and caffeine intake and stress reduction; the
wearing of light clothing may also be helpful. Soy supplementation
has been shown to reduce mild hot flashes when six to eight servings
are taken per day. Selective serotonin reuptake inhibitors, a type of
antidepressant, offer moderate relief for women with menopausal
symptoms. Estrogen remains the only proven treatment for severe
hot flashes and the NIH now recommend short-term use at the low
est effective dose as the ideal treatment for the vasomotor symptoms
of menopause.

Urogenital atrophy (vaginal dryness) can be treated with lubricants
and feminine moisture replacements. The topical use of estrogen in
small doses at infrequent intervals is helpful and may limit systemic
exposure and therefore risk. Newer delivery systems, such as the vagi
nal ring with estrogen, have also proven to be quite successful in the
reduction of symptomatology.

The WHIMS demonstrated no benefit of hormone replacement
therapy in the prevention of Alzheimer's disease in older women.
The improvement of memory as women enter menopause relies
upon an active lifestyle and the early recognition and treatment of
depression and other forms of pseudodementia that may mimic
Alzheimer's dementia (Shumaker 1998).

CONCLUSION

Life after the WHI is more complex for physicians and healthcare
providers who care for women as they enter menopause. The designer
approach to the management of menopause will require education
of the clinician, the continued and ongoing risk assessment of the
patient, patient participation and the judicious use of lifestylechanges,
nonpharmacological interventions, pharmacological treatments and
hormone replacement therapy.
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Chapter 60

Dizziness
Susan L. Whitney
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Table 60.1 Common complaints of individuals experiencing
dizziness

+

+

+
+

+

Difficulty controlling center of
mass within the base of
support

----------
Difficultyorienting body to
the vertlcaI

Chiefcomplaint

Head alignment abnormalities

Assessed during Assessed during
the case history the physical exam

----------------
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INTRODUCTION
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+ +
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+ +

+ +
+ +
+ Sometimes

+ Sometimes

+ +
+ +

Dizziness is a frequently occurring disorder of older individuals,
which can result in serious functional deficits. Older adults often
visit their physicians with nonspecific complaints of dizziness; it is
the most common complaint of adults over the age of 75 and the
third most common complaint to physicians in outpatient settings,
regardless of age (Kroenke et al 1992). As dizziness is a subjective
experience, it is difficult to determine whether the patient and the
examiner agree on what the symptoms are. The most common cause
of dizziness is a change in medication.

PRESENTATION AND DIAGNOSIS

Dizziness is interpreted differently by different people and is often dif
ficult to describe.Commonly, people complain of a sense of giddiness,
floating, lightheadedness or a sensation of being drunk. Table 60.1
includes other common descriptors associated with dizziness and used
by patients to explain their complaints to practitioners.

Some patients who experience dizziness have nystagmus, which is
a nonvoluntary rhythmic oscillation of the eyes in either the lateral
or the superior/inferior direction, often accompanied by a torsional
component. The nystagmus usually manifests with a fast and a slow
component to the eye movements, in opposite directions.

Patients also describe having symptoms of vertigo, which is classi
cally defined as an illusion of movement that usually has a rotatory
component (Furman & Cass 2(03). Individuals who experience ver
tigo often have a sensation of turning. Vertigo has been described as
rotational, translational and as a sense of being tilted. It does not

Difficultyselecting the most
appropriate sensory
information to
make decisions

Eye movement abnormalities

Abnormal motion perception

Physical deconditioning

Gaitabnormalities

Swimming sensation in the
head

Imbalance

Blurred vision

Tinnitus

Aural fullness

Hearing loss

Oscillopsia (an illusory
movement of thevisual
world that occurs
with high-frequency head
movements)

Confusion, especially in rich
sensory environments

Lightheadedness

+

+

+

+

(Continued)



404 SPECIFIC PROBLEMS

Table 60.1 (Continued)
--- _._--_. .._----_.-

Chi~fcomplaint Assessed during Assessed during
the case history the physical exam

--~----- ---------
Anxiety + Sometimes

Headache +
Fatique + +
Falling + Sometimes

Clumsiness + Sometimes
-- -

Fear of falling +
Neck pain + +

matter whether the patient or their world is spinning, as both are
considered to be vertigo. The sensation of vertigo usually indicates
an inner ear problem, although occasionally it can be related to an
anterior inferior or posterior inferior cerebellar stroke.

Most patients who experience dizziness or vertigo modify their
activity levels even when they are not having symptoms. A fear of
fallingis often associated with the symptoms of dizziness or imbalance
in elderly individuals. Such individuals commonly become notice
ably less active over time because of the fear of experiencing dizzi
ness or imbalance, especially in unfamiliar environments. This
inactivity can start a downward decline in function in older people.

Falls haw been related to the most common cause of dizziness,
which is benign paroxysmal positional vertigo (BPPV) (Furman &Cass
19YY). BPPVcan cause people to fall and may also be caused by a fall
(Katsarkas 1999). The otoconia within the otolith organs can become
dislodged with head trauma (Katsarkas 1999). Several other disease
processes or conditions have been associated with BPPV including
diabetes, migraine, Meniere's disease and postviral infection. It is also
suspected that BPrV in older individuals may be caused by damage to
the otolith production area over time. BBPV runs in families (Gizzi et
al 1998) and has a recurrence rate of approximately 15% per year,
increasing to a 40-50% chance of recurrence 3--4 years after the initial
episode (Nunez et aI20oo). The spinning is brought on by a change of
head position, most commonly when moving from supine to sit first
thing in the morning or rolling over in bed at night (Whitney et al
2OOS). The Epley or the Semont maneuver is commonly used to move
the otoconia out of the semicircular canal and back into the otolith
organ (Epley 1980,De Vito et a11987,Semont et alI988).

There are numerous possible causes of dizziness, as noted in Box
60.1, rendering it impossible to determine the cause without testing.
Laboratory and clinical tests that can be performed to diagnose the
cause of dizziness are included in Table 60.2.Although thorough test
ing is crucial to obtain an accurate diagnosis, most physical therapists
will not have the benefit of such an extensive workup before seeing a
patient. Bybeing aware of the various causes of and tests for dizziness,
the physical therapist is more likely to make appropriate clinical
decisions about referrals and care (Furman & Cass 1995).

Dizziness history
A complete history of a patient's dizziness is essential to allow the
physical therapist to develop the best individualized exercise program.
Some of the common questions that should be asked concern the char
acteristicsof the dizziness, how long the patienthashad the symptoms,
how the first incident would be described, what makes the symptoms

Box 60.1 Common causes of dizziness

• Peripheral vestibular disorders
- Benign paroxysmal positional vertigo
- Meniere's disease

Endolymphatic hydrops
Perilymph fistula

- Vestibular neuritis
- Labyrinthitis
- Bilateral vestibulopathy

• Central disorders
- Cervical vertigo
- Vestibular ocular dysfunction
- Traumatic head injury
- Anterior or posterior inferiorcerebellar stroke
- Post-traumatic anxiety symptoms
- Transient ischemic attacks
- Migraines
- Multiple sclerosis

• Psychiatric disorders
- Panic disorders
- Agoraphobia
- Hyperventilation syndrome

• Other
- Low blood pressure
- Medication
- Presyncope
- Arrhythmias
- Vertebral artery trauma
- Alternobaric vertigo
- Diabetes mellitus
- Thyroid dysfunction
- Renal disease
- Human immunodeficiency virus
- Syphilitic labyrinthitis
- Epstein-Barr virus
- Brainstem hemorrhage
- Friedreich's ataxia
- Recent diplopia

worse or better, any associated otological or neurological symptoms
and the frequency of the incidents or attacks (Herdman 2(00). A thor
ough history of past and present functional activities is also important.
Specificactivities of daily living (ADLs)may exacerbate the symptoms.
This functional history is helpful in designing a treatment program
based on symptoms. The Dizziness Handicap Inventory (DHI)
(Iacobson & Newman 1990)provides a numerical score, which ranges
from 0 to 100, to describe how handicapped patients perceive them
selves to be because of the dizziness (Form 60.1).A 'yes' answer SCOTt'S

4; 'sometimes' scores 2; and 'no' scores O. The higher the total score, the
greater the dizziness handicap. The DHI hasalso beenused to docu
ment a patient's self-rating of improvement or lack of progress. High
DHI scores (>60) have been related to reported falls in individuals
with vestibular disorders (Whitney et aI2004).

The patient with a chief complaint of dizziness will often receive
an antidizziness medication, which can decrease the ability of the
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Table 60.2 Common testing provided to older individuals
who experience chronic dizziness

Test

Commonly performed by

Physician Physical
therapist

----------------------

intervention. It is best to provide physical therapy when the patient
is on a low dose of vestibular suppressants or none at all. However,
some patients are unable to function without a vestibular suppressant,
so removal may not be possible.

FUNCTIONAL DEFICITS

Dizziness can severely limit a patient's ability to perform ADLs
(Cohen et aI1995). Each person's dizziness is unique, but common
complaints include having difficulty with transitional movements
and with moving quickly. Transitional movements include activities
such as rolling, moving from a supine position to sitting, moving from
sitting to standing and walking while making certain head move
ments. Even standing while moving the head can increase symptoms
in some patients. Walking while making head movements is often
the most difficult activity to perform because the patient is unstable
and may feel unsafe.

Often patients complain of having difficulties when movement is
perceived within their peripheral vision or when watching television
or reading. A patient may have dizziness when driving or when a pas
senger in a car. Clinically, it is noted that patients report less dizziness
when they themselves are driving. For some older adults, losing the
ability to drive can cause significant psychosocial dilemmas.

One characteristic symptom in patients with dizziness is having
difficulty walking down the aisle of a grocery or department store
because of the optic flow inputs (Sparto et al 2004). High-contrast
colors and shapes in the older individual's peripheral vision can
cause them to become dizzy. The optic flow as one ambulates can be
disorienting and can contribute to increased dizziness, nausea and
headaches; thus, people with severe dizziness often limit the amount
of time they spend out of the home. Indeed, dizziness has been asso
ciated with agoraphobia and depression (Iacobet aI1996). Individuals
with agoraphobia are not comfortable leaving their homes. This is a
problem that can limit function even when the dizziness is not pres
ent, for the fear of becoming dizzy in a stressful situation is often
enough for some people to limit their activities.

Not all patients with dizziness are easily treated. Patients with uni
lateral vestibular dysfunction often have the best outcome with exer
cise programs. Patients with central vestibular dysfunction have more
difficulty with exercises because of CNS involvement, and those with
fluctuating symptoms have the most difficult time. Some of the fluctu
ating disorders, such as Meniere's disease and perilymphatic fistulas,
may have to be surgically repaired. Dizziness may be decreased or
eliminated by surgery; however, some patients continue to experience
tinnitus. Tinnitus may be a disabling symptom and has been
described as a dull roar or loud noise in the ear. Dizziness can also be
caused by multiple sclerosis and stroke; in these patients, dizziness
can lessen but may not completely resolve.

People with dizziness often have difficulty explaining their symp
toms to family members because there are no obvious external signs
of the disorder. Family members can find it hard to comprehend the
physical and psychological effects of dizziness and sometimes cannot
understand that the patient may beseverely disabled by the condition.

+

+

+

+

+

+
+

+
+
+

+
+
+
+

+
+

+
+
+

+
+
+
+

+

+
+
+
+

+
+

+

+

+
+

+

+

Hallpike maneuver

Fistu la test

Romberg/tandem Romberg test

Electrocardiogram

Holtermonitoring
---"----------------

Cervical spine radiography
-----------------

Testing for positional nystagmus with
Frenzel glasses

Biochemical metabolic evaluation

Glucose tolerance test

Electroencephalogram

Caloric testing
------------ ---- ----- --------------

Rotational testing:assesses the
vestibulo-ocular reflex independently
of vision and can assess the visual/
vestibular interaction

Oculomotor testing:smooth pursuit
movements, saccades

Dynamic visual acuity
-- ----

Subjective visual vertical
-~-_. --_...._---------
Vestibular evoked myogenic

potentials (VEMPs)

Neurological examination

Optokinetic screening

Electronystagmography: a test for
vestibulo-ocular asymmetry, which
includes caloric testing, positional
testingand ocularmotor function

---------------
Audiogram

Electrocochleography

MRI or CT scan

Brainstem auditory evoked potential

Visual evoked potential
---------------

Posturography
-------

Standing and lying blood pressure
measures

- ----- --------------------
CT, computed tomography; MRI, magnetic resonance imaging.

THERAPEUTIC INTERVENTION

central nervous system (CNS) to compensate (Peppard 1986).Most
antidizziness medications are depressants of the CNS and may limit
the ability of the CNS to adapt to change caused by an insult to or dys
function in the balance mechanism or to respond to physical therapy

Not all older patients with dizziness have balance disorders. Then'
appear to be three categories of patients: those with dizziness, those
with balance disorders and those with balance disorders and dizzi
ness. Each of these symptom categories should be treated differently.
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---------
Form 60.1 Dizziness Handicap Inventory (DHl)a

Name: Date:

Instructions: The purpose of this scale is to identifydifficulties that you may beexperiencing because of your dizziness. Please answer 'yes', 'no' or

'sometimes' to each question. Answer each question asit pertains to yourdizziness problem only (Scoring: yes = 4; sometimes = 2; no = 0).

1. Does looking up increase yourproblem?

2. Do you feel frustrated because of your problem?

3. Do you restrictyourtravel for business or recreation because of your problem?

4. Does walking down theaisle of a supermarket increase yourproblem?

5. Do youhave difficulty getting into or out of bed because of your problem?

6. Does yourproblem significantly restrictyourparticipation in social activitiessuch asgoing out to dinner,

going to the movies, dancing or going to parties?

7. Do you have difficulty reading because of yourproblem?

B. Does performing more ambitious activities likesports, dancing or household chores, such assweeping or

putting dishes away, increase yourproblem?

9. Because of your problem are you afraid to leave your home without having someone to accompany you?

10. Have you been embarrassed in front of others because of your problem?

11. Do quickmovements of yourhead increase your problem?

12. Do you avoid heights because of your problem?

13. Does turningover in bed increase yourproblem?

14. Is it difficult for you to dostrenuous housework or yard workbecause of your problem?

15. Are you afraid people may think that you are intoxicated because of yourproblem?

16. Is it difficult for you to go for a walk byyourself because of yourproblem?

17. Does walking downa sidewalk increase your problem?

lB. Is it difficult for you to concentrate because of your problem?

19. Is it difficult for youto walk around yourhouse in the darkbecause of your problem?

20. Are you afraid to stayhome alone because of your problem?

21. Do youfeel handicapped because of your problem?

22. Has yourproblem placed stress on your relationship with friends or members of your family?

23. Are you depressed because of your problem?

24. Does yourproblem interfere with yourjob or household responsibilities?

25. Does bending overincrease yourproblem?

"From Jacobson Et Newman 1990, with permission fromAmerican Medical Association.

The treatment program should be based on the functional deficits of
the patient.

During the assessment of dizziness, it is important to determine if
patients have fallen, how often they have fallen and whether they
have had to seek medical intervention for a fall. Finding oneself sud
denly and unexpectedly on a lower surface, usually the floor, is often
defined as a 'fall'. Frequent falls (more than two within the past 6
months when no environmental hazards were present) are a reason
for significant concern. These individuals should be treated more

frequently in the clinic and be monitored closely at home by a family
member. Patients who fall frequently might benefit from some type
of alarm device to notify emergency personnel when a fall occurs.

Exercise
--------~ --- ---

In an exercise program for a patient with vestibular dysfunction, the
patient is asked to perform movements that increase symptoms. The



objective is to let the patient feel dizzy in a safe environment. How
quickly to advance a program is difficult to determine because if the
exercises are progressed too rapidly, the patient may get worse, discon
tinue the exercises and not return for future therapy. It is often best to
include a combination of easier and more difficult exercises so that the
patient will be successful with at least a few of them. Keeping the num
ber of exercises under five at each visit also helps with compliance.

When designing an exercise program, it is usually important to
warn patients that they will initially and temporarily feel worse after

Box 60.2 Exercises for the patient with dizziness

1. Exercises for the patient who experiences dizziness with
transitional movements
• Head movements

- Supine
- Sitting
- Standing
- Walking
- Walking and performing a functional activity

• Functional activities
- Pivots
- Circle and figure-of-eightwalking
- Ball tossing
- Obstacle course

2. Balance exercises
• Consider thehead, foot and arm positions and whether

the eyes are open or closed
• Use the Clinical Test of Sensory Organization to help

plan treatment
• Hipand ankle strategies
,. Weight shifting
• Single-leg stance
• Stepping forward and backward
• Side stepping
• Standing on foam
I) Kicking a ball
• Walking backwards
• Crossovers
• Tandem walking
• Romberg test
• Step-ups
• Moving objects to differentsurfaces
• Tracing the alphabet
• Heel raises
• Racketball against the wall
• Walking and carrying anobject
• Walking in a dark room
• Catching a ball whilesitting on a gym ball
• Stepping on a compliant surface
• Jump rope
• Ankle 'proprioceptive' boards
• Weight shiftingwith a weight around the waist
• Elastic band exercises while standing on one leg
• Heel walking
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the exercises. If the patient remains severely dizzy for as long as 20
min after the exercises have been completed, they were too difficult
and must be modified in terms of intensity or number.

It is extremely important to get the patient to progress as quickly
as possible while in a safe place so that confidence can be restored.
Functional retraining, muscle strengthening, eye and head exercises
and asking the patient to perform difficult tasks are components of an
individualized exercise program for a patient with vestibular dys
function (Box 60.2). Often a combination of balance and eye exercises

,> Single-leg stance while kicking a ball on a string
Bus step-ups

'., Standing on one leg and rotating the head
Functional movements for weightshift, e.g. golfing
Tilt boards
Toe walking

3. Eye movements (can be assessed with Frenzel glasses)
, Examples of eye exercises

- Head stable, eye tracking an object
- Object stable with the head moving
- Object and head both moving to trackan

object
Eye-head exercises
- Focus on a card and move head to left and right
- Track a moving objectupand down
- Focus on a card and move the head upand down
- Move head and card in the same direction at arm's

length
- Look left and right quickly and focus on an

object
- Look up and at eye level at two cards, head still
- Look up and at eye level at two cards, head

moving
- Move head and card up and down
- Look right and left at the card while it is held

ahead
- Simon Says
- Mall walking
- Ping pong
- Spin in a chairthat rotates
- Laser tag
- Imaginary target exercise
- X2 viewing
Otolithstimulation
- Bouncing on a ball
- Jump rope

., Benign paroxysmal positional vertigo (BPP\/)
maneuvers
- Epley maneuver
- Semont maneuver
- Brandt-Daroff exercises
- Horizontal canalith repositioning maneuver (often

called the Epley maneuver)
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an' provided simultaneously, with the older adult starting the exer
cises in 'safe' positions and progressing to situations in which bal
ance is challenged, such as standing, walking or even reaching while
standing.

Older adults most likely to benefit from a vestibular rehabilitation
program include those with unilateral vestibular hypofunction (periph
oral vestibular disorders) and those with bilateral peripheral vestibu
lar disorders. Other patients who can be helped by physical therapy
include those with head trauma, cerebellar atrophy or dysfunction,
cerebellar stroke and multiple sclerosis. Patients who have been
diagnosed with bilateral disorders may continue to improve with
physical therapy for up to a year after the insult, although the func
tional result is not as successful as it is in patients with unilateral
peripheral disorders. Patients with bilateral disorders often walk with
a wide-based gait and may continue to require assistive devices after
intervention (Telian et aI1991, Minor 1998, Herdman et al 2000,Brown
ct al 2001). It is much more difficult to treat individuals with central
disorders, anxiety disorders and combined central/ peripheral vestibu
lar disorders than those who present with peripheral vestibular dys
function (Whitney & Rossi 2000).

Older patients with dizziness can be helped by rehabilitation. At
one time, it was thought that an improvement in the symptoms of
such patients could not be made using a customized exercise pro
gram but this has been shown to be a false assumption (Whitney
et al 2002).
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The medical and sociologic consequences of falls in the older adult
are one of the largest public health issues. Thirty-five percent of
adults over 65 years report falling more than once in the previous
year, and this number increases to 50% in adults over 75 years
(Campbell et all990, American Geriatrics Society et aI2001). Falls in
the elderly are multifactorial and have been attributed to medication
use, environmental challenges, cardiopulmonary compromise, cog
nitive changes, and sensory and motor deficits (Tmetti et al 1986).
Once an older adult falls,changes occur (e.g. fear of falling, decreased
mobility,speed, and fluency of movement) that increase their risk of
falling. Therefore, it is essential that the geriatric specialist performs
a thorough multifactorial balance evaluation and initiates treatment
as early as possible, Definitions of key terms concerned with balance
are included in Box61.1.

CHAPTER CONTENTS
------'1 Center of gravity: an imaginary point in space, calculated

biomechanically from measured forces and moments,
where the sum of all the forces equals zero. In a normal
person standing quietly, it is located just forward of the
spine at about the 52 level

Base ofsupport the body surfaces that experience
pressure asthe result of body weightand gravity. In
standing, the base of support is the soles of the feet; in
sitting, it is the thighs and buttocks. The narrower the
base of support. the more difficult the balance task

Limits of stability: the limits to which a body can move in
anydirection without eitherfalling (as the center of
gravityexceeds the base of support) or establishing a
new base of support bystepping or reaching (to relocate
the base of support under the center of gravity)

Balance strategies: stereotypic sequences of muscle
activity used to maintain upright. The most commonly
suggested include the ankle, hip, and stepping strategies

PHYSIOLOGY OF BALANCE
Box61.1 Definitionsof key terms concerning balance
(Nashner 1990, 1994,Allison 1995)

Balance: theability to maintain the center of gravity over
the base of support within a given sensoryenvironment

Staticbalance: the ability to hold a position
Dynamic balance: theability to transition or move between

positions
Automatic postural responses: operate to keep thecenter of

gravity over thebase of support in response to a stimulus
or unexpected perturbation such as a slipor a jostle in a
crowd

Anticipatorypostural control: similar to automatic
postural control but occurs prior to and in preparation
for the perturbation

Volitional postural control: postural control under
conscious control. Self-initiated perturbations that are
strongly influenced by priorexperience and instruction

Balance, the ability to maintain the center of gravity over the base of
support within a given sensory environment, is composed of several
subcomponents and influenced by several systems. Human balance
is a complex neuromusculoskeletal process involving the sensory
detection of body motions, integration of sensorimotor information
within the central nervous system (eNS), and programming and
execution of the appropriate neuromuscular responses. Figure 61.1
summarizes the organization of the human balance system. The
brain uses visual, vestibular, and somatosensory systems to deter
mine the body position and movement in space. Although there are
age-related changes in these systems, older adults do not display
increased postural sway compared with younger adults when stand
ing or walking when they have all three senses available (Woollacott
et al 1986).When older adults are first asked to balance on a posture
platform under conditions of minimized somatosensory and visual
input, half lose their balance (Woollacott et aI1986). With repeated
exposure, however, they are able to learn to maintain their balance on
the platform (Woollacottet al1986). Interestingly, on further investi
gation, it was found that the fallscorrelated positively with subclinical
pathologies in either the sensory or the motor systems (Woollacottet al
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1986). As sensory changes are common in older adults, the reader is
referred to the previous chapters in this text on sensory changes in
visual (seeChapter 53), somatosensory (see Chapter 51),and vestibu
lar (see Chapters 54 and 60) systems for further evaluation and treat
ment techniques for these systems that will affect balance.

The information from the various sensory systems is relayed to the
CNS and is integrated in several areas including the vestibular
nuclei and the cerebellum prior to the generation of appropriate
motor responses. Prioritization of use of sensory information for use
by the CNS is most likely based on the availability of a particular
sensory modality, the task at hand, and past experiences (Peterka
2002). The CNS then generates the appropriate motor responses to
maintain upright body posture. Various balance strategies are
thought to maintain balance depending on the speed of perturbation
and the support surface. Slow, small perturbations on level surfaces
result in muscle activity that is sequenced from distal to proximal
(ankle strategy), while perturbations that are larger, faster, or on
smaller surfaces result in muscle sequences from proximal to distal
(hip strategy) (Nashner 1990).A stepping strategy is used when the
perturbations take the center of gravity outside the base of support
or limits of stability and is used to recover balance (Nashner 1990).
Older adults frequently switch from an ankle strategy to a hip strat
egy during different conditions than younger adults such as walking
on slippery surfaces or with smaller, slower perturbations (Horak et
al 1989). Use of inappropriate balance strategies may contribute to
falls in older adults.

There are many other factors that contribute to the ability to main
tain an upright posture. First, musculoskeletal constraints must be
mel. Adequate range of motion must be available, especially in cru
cial joints such as the ankle and hip. Impaired range of motion of the
neck or painful syndromes in the cervical muscles may lead to an
altered representation of trunk and head movement and therefore
cause imbalance. The proper generation of neuromuscular force is
also essential to developing the appropriate balance strategies. The
ability to sequence the muscles appropriately and the timing of the
muscle activity are crucial and are sometimes the most difficult to
retrain following injury (Horak & Shumway-Cook 1990). When
automatic postural responses are examined, older adults demon
strate slowed onset and reversal in normal distal to proximal sequenc
ing of muscle activation compared with younger adults (Woollacott
1990). Posture or alignment of bony segments can either assist with
the production of the balance responses or make it more difficult to
generate balance reactions. Maximizing a patient's postural align
mont can assist in regaining their ability to generate balance
responses (Horak & Shumway-Cook 1990). Although most of our
balance reactions occur at a subconscious level, a patient's cognitive

status can influence their ability to generate the balance reactions
necessary to maintain an upright posture. If a subject is easily dis
tracted or has slow processing, he or she may not be able to react
quickly enough to environmental changes to allow them to stay
upright. This may be especially true if there is increased activity in
the environment, if the patient is distracted by conversation, or if
they are preoccupied (Shumway-Cook & Woollacott 2000). Many
environmental factors can affect a patient's ability to maintain bal
ance. Decreased or absent lighting, and soft, pliable surfaces
decrease the sensory input available to the patient for spatial orien
tation. Small children or pets underfoot can cause sudden perturba
tions and make it difficult for a patient to maintain balance,
especially if they already have an increased reaction time. Many clas
sifications of medications, ranging from diuretics to CNS suppres
sants, can also impair a patient's ability to balance (Thapa et a11995,
Leipzig et aI1999).

BALANCE ASSESSMENT

The last two decades have seen a proliferation of tools for assessing
balance. Some of these tools evaluate only one underlying impair
ment, and some are multidimensional. The tools run the range from
highly technical and expensive to simple and portable. Table 61.1
provides an overview of various tools and the components of balance
that they assess. Box 61.2 illustrates 'red flags' or signs and symp
toms that indicate that the patient would benefit from further med
ical workup.

Box 61.2 Red flags - urgent referrals to physician for
workup

Unexplained central nervous system signs - motor,
sensory, or cognitive changes

Unexplained cranial nerve dysfunction
Unexplained sudden or unilateral hearing loss especially

if accompanied byvertigo
Two or more falls in the previous 4 weeks
Inconsistencies in clinical examination

One of the most important areas that requires assess-ment when
working with older adults is their risk of falling. Box 61.3 summa
rizes the risk factors that have been identified for falling in older
adults. The reader is referred to the Guidelines for the Prevention of
Falls in Older Persons (American Geriatrics Society et al 2001) that
summarize the literature on the evaluation and treatment of fall risk
in the older adult and provide recommendations.

Although self-report measures do not directly measure impair
ments, several self-report measures are available to allow the clini
cian to determine how stable the patient perceives that he or she is,
and this will facilitate the clinician's ability to treat and assess for fall
risk. Sometimes, patients will perceive that they are more stable than
testing reveals. This indicates that they are either performing differ
ently in the clinic or may be taking unnecessary risks at home and
need some counseling regarding ways to decrease their fall risk. At
other times, patients will perceive that they are less stable than tests
reveal. These subjects may have a history of falling and have lost
confidence in their balance abilities, causing them to decrease their
activity (Lawrence et aI1998). Without intervention, this decrease in
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Table 61.1 Evaluation toolsfor assessing balance

Self-perception scales

Assessment of sensory components

Assessment of motorcomponents

Multidimensional assessment

Functional Reach Test (Duncan et al 1990)
Multidirectional Reach Test (Newton 2001)
Four Square Step Test (Dite Et Temple 2002)
Limits of Stability (EI-Kashlan et al 1998)
MotorControl Test (EI-Kashlan et a11998)
Five times sit to stand (Csuka Et McCarty 1985)

Performance Oriented MobilityAssessment (Tinetti 1986)
Physical Performance Scale
Berg Balance Scale (Berg et al 1992)
Balance Evaluation Systems Test (BESTest) (Horak et al 2003)

Gaitassessment Timed 'UpEt Go' (Podsiadlo Et Richardson 1991)
Dynamic GaitIndex (Shumway-Cook Et Woollacott 1995)
Functional GaitAssessment (Wrisley et al 2004)
Gaitspeed

----

Box61.3 Risk factors for falls (American Geriatrics
Society et 81 2001)

Intrinsic
lower extremity weakness
Poor gripstrength
Balance disorders
Functional and cognitive impairments
Visual deficits
History of falls
Gaitdeficit
Visual deficit
Urinary incontinence
Extrinsic
Polypharmacy (fouror more prescription medications)
Environmental
Poor lighting
loose carpets

activity may lead to greater impairment and more balance problems
(Lawrence et all998). Twoof the most common self-report measures
for balance function are the Falls Efficacy Scale (Tmetti et al 1990)
and the Activities-specific BalanceConfidence Scale (powell & Myers
1995). Both the Falls Efficacy Scale [test-retest reliability Intraclass
Correlation Coefficient, ICC, (2,1) = 0.91] (Tinetti et all990) and the
Activities-specific Balance Confidence Scale have been shown to be
reliable [test-retest reliability ICC (2,1) = 0.91] and valid. The Falls
Efficacy Scalecorrelates with getting up from a fall and level of anxiety
(Tinetti et aI1990). The modified Falls Efficacy Scalewas developed to

incorporate higher functional activities. It has high test-retest relia
bility (ICC = 0.93) and discriminates between older adults with and
without a history of falling. Scores on the Activities-specific Balance
Confidence Scale correlate with physical functioning and falls in
community-living older adults (Myers et aI1998). Scores above 80%
were strongly correlated with highly functioning community-dwelling
older adults; scores between 50% and 80% were correlated with
moderate physical functioning seen in older adults in retirement
homes or with chronic disease; and scores below 50% were corre
lated with low physical functioning of older adults receiving home
care (Myers et aI1998).

Impairments in balance can be assessed using single-item balance
tools such as the Romberg test, Functional Reach test (Duncan et al
1990), single limb stance (Bohannon et al 1984), or tandem stance
(Fregly & GraybieI1968). The greatest advantage of a single-item test
is that it is easy to administer and generally provides a method for
quick screening of balance function. The disadvantage of using a
single-item test is that it only tests one aspect of balance. Without
correlating findings with other tests, this may limit their usefulness
in developing a treatment plan. These single-item tests have good
reliability. The inability to maintain single limb stance for more than
5 seconds is correlated with increased risk of falls in older adults.

The ability to use sensory information for balance can be assessed
using either high or low technology such as the Sensory Organization
Testing (SOT) via the Equitest<!l or the Clinical Test of Sensory
Interaction and Balance (CTSIB) or 'Foam and Dome' respectively
(Shumway-Cook & Horak 1986). Each consists of six conditions
designed to test whether the patient can utilize visual, vestibular, or
somatosensory information for balance. Both the SOT and the CTSIB
are reliable and valid (Monsell et all997, El-Kashlan et aI1998). The
SOT provides an equilibrium score and additional information on
motor strategies and the relative reliance on sensory information for
balance. The CTSIBis a portable alternative that will provide similar
information. Scores achieved on the CTSIB correlate moderately
with scores achieved on SOT (Whitney & Wrisley 2004, Wrisley &
Whitney 2004).
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Several multidimensional balance assessments have been devel
oped in order to take into account the many facets of balance in order
to predict an individual's risk of falling. One of the primary benefits
of multidimensional balance tests is that they assess several aspects of
balance that are integrated into a single overall score. This makes
them very useful for predicting one's risk of falling, but may make it
more difficult to sort out which balance impairments should be
addressed in treatment. Overall scores are used to determine fall risk
(Tinetti 1986,Duncan et a11990,Berg et a11995,Shumway-Cook et al
1997a, 1997b, Newton 2001), a functional baseline before interven
tion, and to quantify the effectiveness of intervention (Rubenstein
et al 2000). The therapist may need to look at the performance of
individual test items or perform single-item assessments in order to
identify the impairments that need to be treated. The inter- and intra
rater reliability of multidimensional tests is good to excellent (Tinetti
1986, Berget al1995, Newton 2001).

Walking is a complex balance task and a very functional means of
both assessing and treating balance disorders. During ambulation,
the center of gravity is moved outside the base of support, as in a fall.
Then, there is recovery from the loss of balance by the base of sup
port being reoriented with a step. Gait assessments allow us to meas
ure a patient's ability to integrate balance and to measure balance
during mobility. Assessments that appear to be particularly useful
for gait are the Dynamic Gait Index (Shumway-Cook & Woollacott
1995, Shumway-Cook et al 1997a), the Functional Gait Assessment
(Wrisley et al 20(M), and the Timed 'Up and Go' (Podsiadlo &
Richardson 1991). Functionally, patients need to be able to walk
1.22m/sec to cross a street safely. Gait velocity can easily be calcu
lated by timing a patient walking 6 m (20ft) and dividing this dis
tance by the number of seconds elapsed.

The assessment of an older adult's balance function may include
self-perception measures, impairment-based or multidimensional
tools, and will be directed by the purpose of the evaluation (e.g. fall
risk assessment, diagnosis, or directing intervention). The assess
ment should include motor, sensory, musculoskeletal, and extrinsic
factors underlying the balance dysfunction. A thorough balance
assessment will guide treatment.

TREATMENT

Treatment of balance disorders is based on the specific impairments
(e.g. range of motion (ROM),strength, decreased sensation, pain, use
of sensory inputs, use of motor strategies, etc.) and functional limita
tions identified in the evaluation. Balance strategies and the ability to
use sensory information for balance can be learned with the appro
priate exercise and practice. For balance training, it is important to
provide opportunities for patients to practice tasks that allow them
to use the necessary balance strategies and, when at all possible, to
incorporate the tasks into functional activities, as patients will be
more likely to follow through with the exercise and to generalize the
tasks they are learning. Safety is important for patients when work
ing on balance. The exercises prescribed need to challenge the
patient's balance and therefore are ones that may make them stumble
or fall. Upper extremity support changes the sequence of muscle acti
vation so that it originates in the upper extremities. This alteration in
the sequence of muscle activity is not usually desirable if the goal of
treatment is independent ambulation without an assistive device. For
standing exercises, having the patient stand in a comer of the room
with a chair in front of them provides a surface on all sides that can
catch the patient, minimizing the chance of injury. It is unknown
how frequently balance exercises need to be performed for maxi
mum improvement. It is generally felt that patients need to practice

at least 4-5 days each week to see permanent change (American
Geriatrics Society et aI2001).

Improving the use of balance strategies is best accomplished
within functional activities, especially as balance strategies are rarely
used alone. Table 61.2Aprovides a summary of exercises to improve
balance strategies.

Age-related changes in sensory function and pathology of the dif
ferent sensory systems may lead to patients having difficulty using
sensory information for balance. Exercise can assist in training a
patient to use a sense they are not using well or train them to com
pensate with an alternate sense. The general principle used when
trying to maximize an individual's ability to use sensory inputs for
balance is first to practice activities with all the sensory information
available and then gradually to remove sensory information. Table
61.2Billustrates exercises that will stimulate the use of different sen
sory inputs.

Gait is the act of losing one's balance and then regaining it by tak
ing a compensatory step. This makes it an excellent treatment tool
for balance dysfunction experienced by the older adult. It is also very
functional, as the majority of our patients have a primary goal of
ambulation. There are many activities that can be introduced into
gait to improve balance function. Ambulation with head turns in the
yaw and pitch planes, at varying speeds, while negotiating objects,
and on compliant surfaces or in varied lighting can all improve
balance.

EVIDENCE FOR THE USE OF EXERCISE TO
TREAT BALANCE

The majority of research on the effectiveness of exercise for balance
has focused on older adults at risk of falling. Randomized clinical tri
als have demonstrated that exercise does improve balance in
community-dwelling older adults (Tinetti et a11994a,Lord et al1995,
Province & Rao 1995, Wolf et al1996, Campbell et al 1999a, 1999b,
McMurdo et a12000,Rubenstein et al2ooo, Steinberg et at 2000,Close
et aI2oo5). For a thorough review of recent randomized clinical trials
that have demonstrated that exercise does improve balance in com
munity-dwelling older adults, the reader is referred to the review by
Close et al (2005).However, several relevant points concerning exer
cise intervention can be deduced from these studies (American
Geriatrics Society et al 2001): (i) the optimal type, duration, and
intensity of exercise for fall prevention remain unclear; (ii) exercise
intervention needs to be custom designed for each patient; (iii) exer
cise needs to be sustained; the successful programs lasted for more
than 10 weeks; (iv) the only type of exercise that has been shown to
decrease fall risk is T'ai Chi Ch'uan; and (v) exercise works best for
fall prevention when combined with other forms of intervention
such as home modification and education (American Geriatrics
Society et al2oo1).

CONCLUSION

Balanceis a complex neuromusculoskeletal process involving sensory,
skeletal, and motor components. Current research has shown that
balance dysfunction is not a normal part of aging, but is often
associated with a decline in the neuromuscular and sensory systems
and should be taken seriously by healthcare practitioners working
with this population. Functional balance presumes competence in
a variety of areas. Healthcare practitioners need to address the
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Table 61.2 Treatment strategies

A

B

Exercises to improve
center of gravity
control

Exercises that promote
use of the ankle strategy

Exercises that promote
use of the hip strategy

Exercises that promote
the use of the stepping
strategy

Exercises to stimulate the
use of somatosensory
inputs

Exercises to stimulate
the use of visual inputs

Exercises to stimulate the
use of vestibular inputs

Begin with slow weight shiftson a stable surface
Add upper extremityactivities, functional activities
Progress the activity by:
Increasing the distance moved away from the midline
Alter the speed of movement
Add manual resistance
Narrow the base of support
Use an unstable surface, i.e, foam, rocker board, 2 x 4, half-roll
Add combined head and eye movement
Altervision: dim lighting, close eyes, use opaque glasses

Small, slow perturbations on firm surface, eitherself- or externally generated
Closed chain exercises such asstepping over a 2 X 4, walking
Functional activitiessuch asreaching to takeobjects off shelves, performing
upper extremityactivities in standing

Moderate, rapid perturbations on narrow surfaces eitherself- or externally
generated

Tandem standing or walking
Single limb support
Functional activitiessuch asreaching into the trunk of a caror laundry dryer,
ascending and descending stairs

Large, rapid perturbations eitherself- or externally generated that require the
use of a step; progress from predictable to unpredictable

Walking on uneven surfaces
Stepping over obstacles

Disadvantage vision while providing reliable somatosensory inputson a
stable surface:
Sit to and from stand with eyes closed
Ambulation with eye and head movements
Conflicting visual environments: crowds, striped curtains, moving visual
surrounds, virtual reality

Disadvantage somatosensory input while providing reliable visual cues
(stable visual cues with landmarks):
Standing or sitting on a compliant surface or rocker board
Ambulate with foam boots
Instruct in visual fixation

Disadvantage vision and somatosensation while providing reliable vestibular
cues (detectable head position):
Standing or ambulating on unstable or compliant surface with absent vision,
destabilized vision, and inaccurate vision

-------------------------------------------

sensory, motor, and integrative components of balance from both
evaluative and training standpoints for the older adult. Balance in
the older adult is not greatly different from balance in the younger
adult, but the consequences of balance dysfunction may be greater,
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INTRODUCTION

The fracture of a bone has a profound impact on any member of the
aging population, as the consequences may negatively impact on
independence and can even lead to death (Cooper et al 1993).
Fractures in aging individuals are usually associated with low bone
mineral density and osteoporosis as defined by the World Health
Organization in Box62.1. It has been estimated that there are 75 mil
lion people in Europe, the USA, and Japan who have osteoporosis
(European Foundation For Osteoporosis and Bone Disease &
National Osteoporosis Foundation 1997).

Box 62.1 World Health Organization classification of
skeletal status

• Normal: bone mineral density that is not more than one
standard deviation below the young adult mean value

.. Low bone mass or osteopenia: bone mineral density that
lies between 1 and 2.5 standard deviations below the
young adult mean value

• Osteoporosis: a value of bone mineral density that is
more than2.5 standard deviations below theyoung adult
mean value

• Severe osteoporosis: a value of bone mineral density
more than2.5 standard deviations below theyoung adult
mean value and the presence of one or more fragility
fractures

Approximately one million Americans suffer fragility fractures each
year at a cost of over 14 billion dollars (Kenny et al2(03). It has been
estimated that costs related to osteoporosis will be equivalent to
2 million person-years of functional impairment and $45 billion in
direct medical costs over the first decade of the twenty-first century
(Chrisilles et al 1994).

In the United States, at least 90%of all hip and spine fractures among
elderly white women and more than 70%of those among elderly white
men may be attributed to osteoporosis (Melton et al 1997).The lifetime
risk of fracture in women aged 50 years is approximately 16% for hip
fractures, 15% for wrist fractures, and 32% for vertebral fractures
(Cummings et aI1993). Based on 2000 US Census data, 44 million pe0

ple with either osteoporosis or low bone mass represent 55%of the pe0
ple aged 50 years or older in the United States. In 2002, it was estimated
that over 10 million people already had osteoporosis, of whom approx
imately 80% were women. This figure will rise to almost 12 million by
2010,and to about 14 million by 2020 if additional efforts are not made
to stem this disease, which may be largely prevented by lifestyle con
siderations and treatment when appropriate (National Osteoporosis
Foundation 2(02). Approximately 50% of all women will have osteo
porosis by the age of 80 years. In contrast, a white man aged 50years has
approximately a 6% risk of hip fracture and a 16-25% risk of any osteo
porotic fracture in his remaining life (Bilezikian et all999). Because of
increasing life expectancy of the population, the number of people with
osteoporosis will be augmented dramatically during the coming years,
with huge health implications.

A bone fractures when a force or stress is placed upon it that is
greater than the bone can withstand. Bone has a tensile strength of
approximately 140MPa (megapascals; one MPa equals 145 pounds
per square inch) in the second decade of life, and it decreases to
approximately 120MPa by the eighth decade of life. The fracture
threshold for the vertebrae and the epiphyseal areas of the femur is a
bone density of less than 1g/cm3 (Gerhart 1995). Even though the
stiffness and strength of trabecular bone depends on bone density
and the direction of loading, trabecular bone appears to fail at just
under 1% strain no matter what the direction of loading (Chang et al
1999). The major physical difference between trabecular bone and
cortical bone is the increased porosity exhibited by trabecular bone.
This porosity is reflected by measurements of the apparent density
(i.e. the mass of bone tissue divided by the bulk volume of the test
specimen, including mineralized bone and marrow spaces). In the
human skeleton, the apparent density of cortical bone is about
1.8g/cm3, whereas the apparent density of trabecular bone ranges
from approximately 0.1 to t.Og/cm", A trabecular bone specimen
with an apparent density of 0.2cm3 has a porosity of about 90%
(Hipp & Hayes 2(03).
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Fragility fractures are usually related to lower bone mineral den
sity; however, recent evidence from the EPlDOS (Epidemiology
of Osteoporosis) study, which was initiated in France in the early
1990s, indicated that over 50% of hip fractures in women over the
age of 74 years were not associated with osteoporosis as determined
by bone mineral density. Other factors found to be significant were
decreased coordination and strength, and lower scores on mobility
functional tests such as timed walking and chair rising (Robbins et al
2005).

NORMAL FRACTURE HEALING

Normal fracture healing can be divided into three overlapping phases.
First, there is an immediate inflammatory phase in which there is
bleeding resulting from the injury to the bone and surrounding soft tis
sue, and a hematoma forms (Fig.62.1A).The bone cells at the fracture
line die. The reparative, or proliferative, phase starts shortly after the
injury,usually 24--48 hours if a good local blood supply to the fracture
exists (Fig. 62.1 B). Good reduction and immobilization of the fracture
also help the bone during the reparative phase. Osteogenic cell prolif
eration lifts the fibrous layer of the periosteum from the bone and,
somewhat more slowly, the osteogenic cells of the bone marrow cavity
also proliferate (Fig.62.1C).This proliferation gradually forms a collar,
or callus, around the fracture line, which usually takes place in 2-4
weeks, but radiographic evidence of external callus formation may not
appear until 3-6 weeks. A bone scan usually reveals increased meta
bolic activity shortly after the fracture and before the callus can be seen
on a radiograph (McRae1994).

The remodeling phase starts during proliferation as the osteogenic
cells begin to differentiate into osteoblasts, which start to form bony
trabeculae that bridge the living and dead bone across the fracture
line (Fig. 62.1D). Some of the osteogenic cells differentiate into
chrondrocytes and form cartilage in the fracture callus, which even
tually calcifies, becoming bone. Osteoclasts gradually remove the
necrotic bone at the fracture site. The callus, consisting mostly of can
cellous bone that has now formed across the fracture site, is fusiform.
The cancellous bone is slowly remodeled into compact bone and,
finally, the original fracture line is no longer discernible (Koval &
Zuckerman 1997).

FRACTURE REPAIR IN THE AGING
INDIVIDUAL

The rate of fracture repair in the aging patient should always be con
sidered to be similar to that of a younger person - that is, early callus
formation in 2-4 weeks and bony bridging over the fracture in
6 weeks, as shown on radiographs. However, a host of factors may
impede this normal progression. First, osteoporotic bone may not
heal as well as bone with normal tissue density. The inflammatory
response to the injury and the blood supply may be inadequate, and
failure to immobilize the fracture site also delays the healing process.
The role of morphogenetic proteins and growth factors in fracture
healing in aging patients is unclear, but adequate nutrition is crucial.
Overall health or frailty as well as cognition can delay the healing
process as well.

In the case of open reduction and internal fixation of a fracture,
there is greater risk of further bone injury, called a stress riser, due to
the orthopedic hardware. The use of screws and plates may weaken
or pull out from bone that is already osteopenic.

SPECIAL FRACTURES IN THE ELDERLY

Not all fractures in the elderly are considered to be complete fractures.
Stress fractures, also referred to as insufficiency fractures, occur in areas
of repeated trauma when bone remodeling is insufficient to repair the
stresses of repetitive loading. Clinically, this is a particular concern
when treating a patient who is at risk of increased bone fragility.
Orthopedic internal fixation devices can become stress risers and cause
increased loosening at the bone-appliance interface (Koval &
Zuckerman 1997).People with spinal cord injury who have been fitted
with a new orthotic device may develop stress fractures due to new
movement abilities (Rafiiet al1982). The sedentary elderly are at risk
when they start new, strenuous physical activities. Physically, these
patients will present with pain, swelling, and warmth. Stress fractures
or pseudofractures may arise in bone that has faulty mineralization,
which results in the subsequent inadequate repair of microtraumas.

Microfractures of the bony trabeculae have been demonstrated.
The proclivity of these microfractures to cause pain is unclear.
However, they may progress and lead to the silent fractures that are
recognized on radiograph but may be old fractures. Despite the radi
ograph evidence of fracture, a patient can be unaware of having
experienced any frank trauma; hence the term 'silent fracture'. This
may be one of the causes of the lumbar kyphosis that is seen in some
individuals who spend excessive amounts of time sitting.

Occult fractures, also referred to as insufficiency fractures, are best
diagnosed with a bone scan or magnetic resonance imaging (MRI).
This type of fracture is usually intramedullary and undisplaced and
frequently occurs as a result of some minor or major trauma, but
radiograph examination is negative. Typically, occult fractures occur
in the proximal femur or humerus after a fall, but they have also
been reported in the sacrum, acetabulum, calcaneus, tibia and spine.
Quickly, these patients present with moderate to severe pain and
tenderness. There is a concomitant reduction in range of motion and
strength and, if in the femur, there is a marked antalgic gail. In nurs
ing and rehabilitation, this type of fracture should be treated seri
ously even if it has not been confirmed on initial radiograph. If
pushed too aggressively, complete disruption of bone may occur.
Protected ambulation with a walker is requisite while the femoral or
pelvic occult fracture heals.

A pathological fracture results from primary or metastatic malig
nant tumors in bone. These types of fractures usually present as pain
without any reported history of trauma; however, at times, metasta
tic bone disease is found in a patient who is being X-rayed because of
trauma. Significantly, these patients complain of increased pain at
night and of being awakened by the pain. The pain frequently
increases with bedrest and the severity increases with time. Those
presenting with primary tumors of the breast, prostate, thyroid, kid
ney, or other organ should be suspected of having metastatic disease
if pain complaints fit these descriptions. Standard radiographs are
helpful for specific bony sites; however, for diffuse bone metastasis,
a nuclear medicine bone scan may be important for a total skeletal
evaluation (see Chapter 14, Imaging).

FUTURE METHODS OF PROMOTING
FRACTURE HEALING

As stated above, natural fracture repair in the elderly may not pro
ceed in precisely the same pattern as repair proceeds in younger
individuals. However, several medical and physical methods for
enhancing bone repair are being investigated. A number of growth
factors have been found that influence fracture repair, including
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Figure 62.1 Fracture healing. (A) Bleeding occurs fromthe bone ends, marrow
vessels, and damaged soft tissues, with the formation of a fracture hematoma that
clots (closed fracture is illustrated). (1, periosteum; 2, haversian systems;
3,muscle; 4,skin). (B) The fracture hematoma is rapidly vascularized bythe
ingrowth of blood vessels from thesurrounding tissues and, for some weeks, there
is rapid cellular activity. Fibrovascular tissue replaces the clot, collagen fibers are
laid down, and mineral salts are deposited. (C) New woven bone is formed beneath
the periosteum at the ends of the bone. The cells responsible are derived from the
periosteum, which becomes stretched over these collars of new bone. If the blood
supply ispoor, or if it isdisturbed byexcessive mobilityat the fracture site,
cartilage may beformed instead and remain until a betterblood supply is
established. (0) If the periosteum is incompletely torn,and there is nosignificant
loss of bony apposition, the primary callus response may result in establishing
external continuity of the fracture ('bridging external callus'). Cells lying in the
outerlayer of the periosteum itself proliferate to reconstitute the periosteum.
(Reproduced with kind permission from McRae 1994.)

fibroblast growth factor, platelet-derived growth factor, transform
ing growth factor 13, and bone morphogenic protein. Insulin-like
growth factor may stimulate fibroblast proliferation.

Ceramic composites of calcium phosphate have been used for bone
grafts. Electrical stimulation and ultrasound at specific parameters
are two physical modalities that are currently being used to promote
fracture healing. Fracture treatment in the future is likely to involve
active intervention to promote healing and thereby reduce morbidity.

THERAPEUTIC INTERVENTIONS

Osteoporosis-related fractures
Osteoporosis is caused by increased action of osteocIasts (cells that
absorb bone) or decreased action of osteoblasts (cells that lay down
bone). It affects cancellous (trabecular) bone more than cortical bone.
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Table 62.1 Optimal calcium requirements

for Pain Control). Caregivers also need to be instructed in safe trans
fers using the pelvis for contact guarding rather than putting any com
pression through the trunk. They also need to be made aware of bed
and chair positioning with spinal alignment such that lumbar lordosis
is supported and forward head with kyphosis posture minimized.

400
600

800
800-1200

1200-1500

1000
1500

Men
25-65 years
Over 65 years

Adolescents/young adults
11-24years

Children
1-5 years
6-10 years

Optimal daily intake
Group (in mg of calcium)

Infants
Birth-6 months
6 months-1 year

Prevention of further injury
Although the effects of a diet change on bone strength will take longer
to be seen, the individual who has suffered a fracture may be
amenable to changes in diet that will help to prevent future fractures.
Referral to a registered dietician is indicated (see Table 62.1 for optimal
calcium requirements, and further information about diet, calcium,
and patient education can be found in Chapter 19,Osteoporosis).

All possible measures should be taken to prevent additional frac
tures and, above all, to avoid falling. A full balance evaluation and
then interventions (see Chapter 61, Balance Testing and Training)
based upon identified impairments need to be implemented as soon
as the person is ambulatory. The environment should be inspected
for and cleared of fall hazards. A gradual resumption of mobility is
necessary to prevent other medical complications such as pneumo
nia. Indeed, the person should be encouraged to slowly increase his
or her participation in the activities of daily living.

At that point, useful instruction must include a demonstration of
how to perform activities without flexing the trunk. Sitting and for
ward flexion have been shown to increase intervertebral disk pres
sure, so these postures are to be avoided (Schultz et a11982, Keaveny
et al 1999). As the individual begins to tolerate sitting, the use of a
lumbar support will help to achieve some measure of lordosis in the
lumbar spine. A person with a spinal compression fracture may be
given a walker to assist in ambulation, but a four-legged, or pick-up,

An individual with a compression fracture may be given medications
that seek to restore bone strength. Current antiresorptive agents,
chiefly bisphosphonates and selective estrogen receptor modulators,
reduce fracture risk by ~50% and teriparatide, a newly approved
anabolic agent, reduces risk by 80+% (Heaney 2003). Alendronate
and risedronate are bisphosphonates that inhibit bone resorption and
probably do not impair bone formation. The nurse or therapist treat
ing someone who is taking bisphosphonates may assist by ensuring
that these medications are being taken correctly. They must be taken
on an empty stomach with 8 ounces (236.6mL) of water. The individ
ual should be upright after ingestion and should wait 30 minutes
before eating. The side effects of gastrointestinal upset may be wors
ened if these guidelines are not followed. Another medication that
inhibits bone resorption is salmon calcitonin, which is either injected
or used as a nasal spray. It can be given to those who cannot take any
of the above medications. A postmenopausal woman may be given
hormone replacement therapy; however, this practice has been dra
matically limited since studies of combined estrogen plus progestin
use for an average 5.2 years associated their use with an absolute
excess risk of coronary heart disease events, strokes, pulmonary
emboli, and invasive breast cancers (Writing Group for the Women's
Health Initiative Investigators 2002).

Pharmacological interventions to promote healing

The areas of the human skeleton that are most likely to fracture as a
result of osteoporosis are the neck of the femur, the vertebral bodies,
and the wrist (Melton et al1997). Compression fracture of a vertebral
body is a common occurrence in an individual with osteoporosis, and
it is often the first indication that a person has osteoporosis. Estrogen
is protective of bone and prevents osteoporosis, whereas long-term
steroid use has the effect of weakening the bone and increasing osteo
porosis. Weight-bearing exercise has been shown to be protective
of bone strength, and is associated with decreased bone resorption
and increased osteogenesis (Nelson et a11994, Ryan et aI1998, Kerr
et al 2001). Postmenopausal women in Western culture are at the
highest risk (see Chapter 19,Osteoporosis and Chapter 59, Hormone
Replacement Therapy, for further discussion of this subject).

Treatment of someone with an osteoporosis-related fracture con
sists of promoting healing, preventing deformity, and facilitating the
individual's return to full functioning. This type of fracture should
not be viewed as an isolated event. It is usually the harbinger of
future fractures. Thus, prevention of future fractures should be part
of the treatment plan. In working with a patient who has had a com
pression fracture, the nurse or therapist should screen carefully for
any signs of neurological compromise. By definition, compression
fractures do not involve the posterior portion of the vertebral body
and so do not involve a risk of protrusion of fractured bone into the
spinal canal. If neurological signs are present, the client should be
referred for studies to determine the presence of burst fracture or
fracture dislocation.

From Office of the Director 1994NIH Consensus Statement. National
Institutes of Health, Bethesda, MD, 12(4).

Pain management
-------------------

An individual with a spinal compression fracture is likely to have pain
with movement and might need instruction in log-rolling (moving
with no trunk rotation while rolling). The use of a neoprene lum
bosacral corset with gel-foam lumbar support, clavicle strap,
Spinomed or Jewett brace may prevent extraneous motion and thus
minimize pain. In our experience, modalities such as gentle manual
therapy, cold, heat and pulsed ultrasound with high-voltage galvanic
electric stimulation are effective in reducing pain during the 6-week
acute healing phase (see also Chapter 68, Conservative Interventions

Women
25-50 years

Pregnant and nursing

Over 50years (postmenopausal)
On estrogens
Not on estrogens

Over 65years

1000
1200-1500

1000
1500

1500



walker can place strain on the back because the individual must lean
forward slightly to reach it, and then must lift it, which puts a great
deal of pressure on the intervertebral disks and vertebral bodies. A
walker with front wheels does not completely solve this problem, as
the individual still has to lift the walker for turns and for backing up.
In our experience, only a four-wheeled walker with hand-brakes and
a folding seat provides the biomechanical protection necessary for
the patient with a healing vertebral compression fracture.

A
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Clinical experience shows that an individual with a history of
compression fractures remains in a forward-flexed posture as a con
sequence of using a walker. The neurological system, particularly the
vestibular system, learns that the 'normal' walking posture involves
a forward-flexed trunk. Skeletal muscle lengths may change too, and
contribute further to this new 'normal' posture. The person never
experiences a truly upright posture and loses control of posterior
sway, becoming fearful of standing up straight.

B

T7 vertebral height loss
with initial fracture

T7 vertebral compression
refracture

Figure 62.2 A 62-year-old woman with osteoporotic vertebral compression fracture, reinjury and
recovery. (A) lateral spinal radiographs for a 62-year-old woman with osteoporosis before and after
herT7 vertebral refracture (right). (B) Flexicurve kypholordosis tracings during herrehabilitation at
initiation, 5-week re-examination, immediately post refracture (coinciding with second radiograph),
and at two more examinations throughout herrehabilitation. (TW = thoracic width (em), TL =
thoracic length, LW = lumbar width, LL = lumbar length.) Notice that her kyphosis increased
noticeably after the second fracture, and diminished by the time of discharge.
(Printed with permission. Carleen lindsey, PT, MS, GCS 2006.)



420 SPECIFIC PROBLEMS

One means of preventing this problem is to have the individual
work on exploring his or her limits of posterior stability (see Chapter
61, Balance Testing and Training) while standing in a place perceived
as providing protection from a backwards fall.

The most useful exercise is 'wall arches', in which the person faces
the wall and reaches upward, by sliding their hands up in from of
themselves (Fig.62.3). Wall slides, in which the person stands with his
or her back to a wall, hands lightly on the walker, and moves up and
down and side-to-side are also very useful. Progress can be made
toward requiring less and less support from the wall and from the
walker. When the person is ready to progress to trunk-strengthening
activities, it is of paramount importance that the clinician under
stands the importance of maintaining spine neutral position for any
abdominal exercises. A striking example of this was demonstrated in
a prospective study in which subjects were divided according to the
exercise regimen prescribed by their physician. Those who were pre
scribed extension exercises had a 16% incidence of new fractures,
whereas those who were prescribed spinal flexion exercises (i.e.
crunches) had an 89% incidence of new fractures. Some 53%of those
who were prescribed combined flexion and extension exercises had
new fractures, and 67%of those who were prescribed no exercise at all
had new vertebral compression fractures (Sinaki & Mikkelsen 1984).

Prevention of further deformity
It is important for clinicians to carefully track the degree of spinal
deformity when assessing progress and designing an effective exer
ciseprogram both for individuals recovering from vertebral compres
sion fractures and also for those with risk factors for further vertebral
fractures.

Flexicurve ruler tracings, kyphometer measurement, and lateral
radiographs have all been shown to be reliable methods for tracking
kypholordosis alignment (Lundon et al 1998). Radiographs of a T7
vertebral compression fracture and subsequent refracture are shown
in Figure 62.2A. Flexicurve tracings taken during rehabilitation of the
same patient are shown in Figure 62.2B.

In our experience, this visual representation of spinal alignment can
also serve as motivational feedback for patients during treatment.

During rehabilitation after a spinal compression fracture, it is vital
to strengthen muscles that have become weak from disuse.
Particular attention should be paid to exercises that encourage exten
sion and upright posture. Of course, consideration must be given,
during exercise programs, to restoring the length of tightened mus
cles and concurrently developing strength in them to provide the
necessary stability. It is well documented that contracted muscles

Figure 62.3 Exercises and postural protection for postvertebral compression fracture patients.
(Printed with permission. Carleen Lindsey, PT, MS, GCS 2006.)



require strengthening exercises after they have been stretched, or
weakness and instability will prevail in that area.

Water exercises can be done, as the buoyancy of water provides a
comfortable, gravity-free environment, but the client must eventu
ally transition to a land-based program in order to develop strength
and polish the skills necessary to live in a gravitational environment.

Various studies that have investigated methods of improving bone
mineral density (BMD) have shown that weight-bearing exercises
improve BMD in the lower extremities and the spine, and weight
training exercises, which include upper and lower extremity resisted
exercises, improve BMD in the upper extremities as well as in the
spine and lower extremities (Ayalon et al 1987, Dalsky et al 1988,
Ryan et aI1998, Swezey et aI2000, Kerr et a12oo1, Kelley et a12oo2,
Cussler et al 2003, Mitchell et al 2003, Waltman et al 2(03). Many
studies have also demonstrated that trunk extension exercise is a
valuable tool not only for kyphotic deformity prevention but also for
limiting spinal bone loss over time (Hoi & Sinaki 1994, Greendale
et a12oo2, Iki et a12oo2, Sinaki et aI2002, Mitchell et al2003, Gold et al

Box 62.2 Exercises for people 55 years old andolder

These exercises are to be gradually increased. Work at your
own pace and level of ability. Startwith 5 or 10 repetitions
and dofewer if you must or more if you can. Slowly
increase byadding two to four or more repetitions every
5-10 days. Progress until you can doapproximately 15-25
repetitions of each exercise. Do these exercises at least
three times a week.

High step
Hold on to a chair for balance; stand up straight. Raise
one foot off the floor so that your knee isas high asyour
hip. Reverse legs. Try not to lean on the chair too much.
As you get stronger, you may be able to raise your leg
higher, hold for a count of 5 (less if necessary), and
decrease theamount of leaning onthe chair.
Purpose: to increase hip and leg strength and balance

2 Side step
Hold on to a chair for balance; stand up straight. Move
one leg out to your side and hold it in the air. Don't bend
at the waist. Hold leg up for 5 seconds, or less if neces
sary. Reverse legs. At first,you may be unable to hold your
leg in the air. If so, simply move your foot out to the side.
Purpose: to increase hip and leg strength and balance

3 Stand up-sit down
This is the key to being independent. Simply stand up,
then sit down. To do this, you must get your feet under
the front of the chair. Move your center of gravity for
ward and then up. If necessary, use the chair's arm rest.
As you get stronger, decrease the amount of push that
you need from your arms.
Purpose: to improve strength, balance, coordination, and
joint motion
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2004). Some abdominal and paraspinal strengthening exercises are
included in Fig. 62.3.

Exercisesshould be instituted even with people who are not ambu
latory because of the positive effects that exercise has on bones. For
individuals who are attempting to regain mobility after an episode of
bedrest necessitated by an osteoporotic fracture, balance exercises
that address the individual's specific impairments and unique needs
are necessary. Some generic exercises are included in Box62.2.They
are helpful as general exercises for middle-aged and older people, but
it is important to remember the necessity of tailoring an exercise rou
tine to the idiosyncrasies of the individual.

Vertebroplasty and kyphoplasty
While kyphoplasty and vertebroplasty have offered surgical hope for
pain relief and, in many cases, vertebral height restoration following
compression fracture (Lieberman et al 2001, Lane 2006), there are also

4 Shouldershrug
Sit upor stand upstraight. Shrug yourshoulders up high
and release. Pull your shoulders back. You should feel
yourshoulder blades pull together.
Purpose: to strengthen back, stretch chest muscles, and
improve posture

5 Cervical range ofmotion
Sit upor stand up, head erect but not forward. Turn your
chin to your left shoulder, then reverse to the right. Lean
your ear to your left shoulder, then reverse to the right.
Lightly place yourfingeronyourchin and push yourchin
back. Do not roll your head back as if looking up at the
ceiling.
Purpose: to improve posture, balance, and range of motion

6 Walk, walk, walk
Walk at whatever level of abilityyou have. If you can walk
only 50feet, startat that level and try to increase thedis
tance and improve your gait speed. Avoid stops and starts.
If you are walking longer distances, such as half a mile or
longer in 5-10 minutes, doa little stretching before start
ing. When finishing your walk, cool down bysimply walking
slowly, stretching, and doing a few of these exercises or
your favorite ones.
Purpose: to enhance overall health of muscles, bones,
joints, circulation, heart, lungs, digestion, bowels, and mind

If you need help getting started or if you have any
concerns about yourhealth, show these exercises to your
physician.

Reprinted with permission from Kauffman T 1987 Posture andage. Top
Geriatr Rehabil 2:13-28.C Aspen Publishers Inc., New York
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some very important precautions and limitations that need to be seri
ously considered. The available evidence suggests that these proce
dures can be effective and may be safe. However, existing studies
evince significant risk of increased fracture risk for adjacent vertebrae,
as well as a small but significant risk of cement leakage. The other prob
lem is that the studies demonstrating minimal risks alsohave relatively
short follow-up periods. Better clinical research is required to deter
mine the true role of vertebroplasty and kyphoplasty among existing
therapeutic options for vertebral compression fracture treatment
(Grados et al2000, Berlemann et al2002, Donovan et al 2004, Bouza et
aI2006). Physical therapy after surgery is also paramount for postural
and strength training in order to minimize risks for further fracture.
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INTRODUCTION

Stiffness, or the loss of joint mobility, is a common complaint of the
~Iderly. Stiffness limits numerous functional activities in the daily
life of an elderly individual by interfering with the initiation and
completion of movement patterns. Decreased activity increases the
incidence of frailty (Wilson 2(04). Frail individuals are at a signifi
cantly greater risk of poor outcomes and have also been reported to
have higher levels of markers related to inflammation and clotting
than nonfrail individuals. Frail individuals are clinically identified
from those individuals having three of the five attributes of frailty:
unintentional weight loss, muscle weakness, slow walking speed,
exhaustion and low physical activity (Wilson 2004).

In the elderly, exudation of fibrinogen into extracellular tissue
spaces increases, so more fibrin, an elastic filamentous protein, tends
t~) be de~osit~d in the tissue spaces of older people. Protein aggrega
bo.n, w.hJle widely reported to be a common feature of physiological
agmg, 1S not clearly understood. If physical activity is not maintained,
a complete breakdown of fibrin may not occur, and increased
amounts o~ sticky fibrin may accumulate in the tissue spaces, produc
mg the lesions that restrict movement between adjacent structures.
Fibrinous adhesions also form in a localized area following damage
to the tissues. These fibrinous adhesions, commonly referred to as
'cross-links', occur naturally during periods of immobilization or
inactivity (Pickles1983).

In many cases, restoration of normal physical activity is sufficient
to cause the breakdown of fibrous adhesions. In some cases, when
the mass has become consolidated, it may be necessary to intervene
with massage, proprioceptive neuromuscular facilitation (PNF),
stretching (using sustained, passive overpressure), graded mobiliza
tion techniques, or manipulation under anesthesia.

COMMON CAUSES OF STIFFNESS

Traditionally, the clinician has accepted stiffness to be a natural part
of the aging process, perhaps without identifying the actual causes,
some of which may be prevented and/or treated. Four common
causes of stiffness are:

• biomechanical changes in connective tissue and related struc-
tures;

• hypokinesis;
• arthritis;
• trauma.

Biomechanical changes in connective tissue and
related structures
Numerous characteristics of connective tissue and related structures
cause stiffness in the elderly; a select few are highlighted here.

Myofibroblasts

Connective tissue cells that produce unusually large amounts of con
tractile proteins are termed myofibroblasts. When damage occurs in
connective tissue, there are two stages of response: cell multiplication
and increased cellular secretion. If hyperplasia creates excessive pro
duction of actomyosin, the resulting contractile force may be signifi
cant enough to prevent normal range of motion in the affected area.

In addition, numerous studies describe the natural loss of muscle
mass in the aged. While loss of muscle mass has been identified as a
~a~al occurrence in the aged, recent studies support strength train
mg in the aged as a means of reversing or preventing declines associ
ated with aging. It is important to note that studies estimate that the
rate of muscle mass loss exceeds 3-5% per decade after age 60 years.
Also, strength loss is estimated to reach 30% per decade after age 60
years (Watson 2000,Brennan 2(02). Strength loss studies suggest that
traditional aerobic and endurance training activities employed in
rehabilitation, while effective in the reduction of coronary heart dis
ease, may also contribute to positive changes in both muscle strength
and bone density (Wallace& Cumming 2000,Kean et aI2004).

Collagen

Collagen is the main supportive protein in skin, tendon, bone, carti
lage and connective tissue. A decrease in the elasticity of collagen
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and the volume of ground substance is associated with the aging
process. Also, cross-linking between collagen fibers increases with
age, inactivity, and trauma, thereby restricting the mobility of the
connective tissue.

The decrease in ground substance creates a loss of critical inter
fiber distance, which restricts the ability of the fibers to move
smoothly over each other. With intervertebral disk disease of the
spine, decreased collagen mobility may compromise not only spinal
mobility, but also spine length, which may also impair breathing pat
terns (Wilson 2004). Contractures, frequently the result of tight joint
capsules, fibrotic or short muscles, or other scar tissues, are part
fibrous adhesions and part collagenous shortening. Newly devel
oped contractures have a greater portion of fibrinous adhesions,
whereas chronic contractures are more collagenous. Normal activity
may break down fibrinous adhesions, but collagenous shortening
often requires heat, prolonged stretching, and possibly surgical
intervention (St.'C Chapter 17, Contractures).

Hvotutonicacid

Hyaluronic acid is secreted from the hyaline (articular) cartilage that
covers the surface of synovial joints. Compression of the joint
enhances this secretion, which entraps the synovial fluid among the
hyaluronic acid molecules and lubricates the joint during movement.
Secretion of hyaluronic acid decreases with age, thus causing a
diminution in the effectiveness of joint lubrication (Pickles 1983).
Another source of joint stiffness is said to occur as a result of 'articu
lar gelling'. In healthy joints, surface-active phospholipids (SAPLs)
inhibit the 'gelling' process (Hills & Thomas 1998).What triggers the
'deactivation' of SAPL in the joint is currently not known.

Cartilage

Cartilage, having no direct blood supply of its own, receives its
nutrients from the blood flow in adjacent bones in the synovial fluid
in the joint cavity. Chondroblasts secrete the glycoprotein chon
droitin sulfate into the surrounding matrix and, through osmosis,
attract water containing dissolved gases, inorganic salts, and other
organic materials necessary for the normal cartilage cell metabolism.
Dehydration occurs with increasing age because the secretion of
chondroitin sulfate decreases (Pickles 1983). Normal loading and
unloading of cartilage is necessary for movement of materials in and
out of chondrocytes. Without compression, metabolites remain in
the matrix and oxygen content is lowered, which causes a reduction
in glycoprotein secretion and an increase in the collagen precursor,
procollagen. This process may convert hyaline cartilage to fibrocarti
lage. After degeneration of the cartilage occurs, it is not reversible.
However, further changes can be avoided through regular activities
that promote alternating compression and relaxation of the joint.

Hypokinesis
Too little, or less than normal, movement is termed hypokinesis. Any
joint or muscle that is put in its lengthened or shortened state for
prolonged periods develops collagenous adhesions. To reduce the
incidence of adhesions, physical activity several times during the
day must be encouraged. One major problem confronting clinicians'
successful treatment of their patients is compliance (Watson 2000,
Brennan 2(02). Clinicians are encouraged to individualize patient pro
grams to increase compliance. Recommendations include identify
ing specific activities that interest the patient when developing
treatment programs.

Arthritis
Osteoarthritis (the most common form of arthritis) as well as sys
temic and rheumatic arthralgias are common causes of decreased
flexibility, or stiffness, in the elderly (Burbank et al 2(02). Common
areas identified usually involve the knees, hips, and distal interpha
langeal joints of the hand. These complaints may be attributed to acute
synovitis, minute fragments of articular cartilage in the synovial fluid,
inability of the joints to glide smoothly, muscle spasms, osteophytes
at the joint margins, stretching of the periosteum, or muscle weak
ness secondary to disuse.

Polymyalgia rheumatica, a systemic arthritis, is a syndrome that
occurs in older individuals. It is characterized by pain, weakness, and
stiffness in proximal muscle groups, along with swelling, fever,
malaise, weight loss, and a very rapid increase in the erythrocyte sed
imentation rate. The origin of the patient's complaint of pain is
thought to be the result of stimulation of A delta mechanoreceptors
and C polymodal nerve endings in the synovium and surrounding tis
sues (Kean et aI2(04). The most commonly affected areas are the neck,
back, pelvis, and shoulder girdle. Corticosteroid therapy is effective in
the acute phase. However, following this phase, graded soft-tissue
mobilization along with strengthening exercises can be helpful.

Trauma
Trauma caused by a significant external force, repetitive internal or
external microtrauma, or surgery can produce long-standing soft
tissue changes and scarring. It is important to focus on how a partic
ular trauma has affected the functional abilities of an elderly person.
For example, have the biomechanics of an individual gait pattern
been altered by trauma to the pelvic girdle? Decreased mobility
of the pelvic girdle may limit the ability of the individual to propel
the lower extremity during gait, to shift weight equally, to perform
effective arm swing, and to maintain head, neck and trunk in
alignment.

CONNECTIVE TISSUE AND STRETCHING
TECHNIQUES

The unique qualities of deformation of connective tissues are
referred to as viscoelastic (viscous' refers to a permanent deforma
tion characteristic and 'elastic' to a temporary deformation charac
teristic). The explanation of Cantu & Grodin (1992) is as follows.

The elastic component of connective issue represents the tempo
rary change when subjected to stretch (spring portion of model). The
elastic component has a poststretch recoil in which all the length or
extensibility gained during stretch or mobilization is lost over a short
period of time (Fig. 63.1); the elastic component is not well under
stood but it is believed to be the 'slack' taken out of connective tissue
fibers.

The viscous (or plastic) component represents the permanent
deformation characteristic of connective tissue. After stretch or
mobilization, part of the length or extensibility gained remains even
after a period of time (hyaluronic cylinder portion of the model).
There is no postrnobilization recoil or hysteresis in this component
(Fig. 63.2).

If force is applied intermittently, as in progressive stretching, a pro
gressive elongation may be achieved. In Fig. 63.3A, strain or percent
age of elongation is plotted against time for the purposes of
illustrating this phenomenon. If the stress is reapplied to the tissue,
the curve looks identical, but starts from a new length (Fig. 63.3B).
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POSTURE, STIFFNESS AND MOBILITY

Figure 63.1 The viscoelastic model of elongation - an elastic
component in which no permanent elongation occurs after
application of tensile force.
(Reproduced with kind permission from Cantu Et Grodin 1992.)

A common and often preventable postural change in the elderly is
the forward-flexed posture. This posture exhibits varying degrees of
forward-thrust head and shoulders, decreased chest and rib cage
mobility, increased kyphosis, elevation of the first rib, decreased
flexibility of hips and knees, and a shift in the center of gravity.
Functionally, the individual has greater difficulty in performing sit
to-stand motions, walking on uneven services, turning, walking
backwards, and performing abrupt starts and stops. As posture
changes over time, collagenous adhesions increase, with resultant
joint structural deformities. Table 63.1 highlights areas where the
elderly commonly report stiffness and discomfort that limit func
tional activities and movements.

Figure 63.2 The viscoelastic model of elongation - a plastic
component in which deformation remains after the application
of tensile force.
(Reproduced with kindpermission from Cantu Et Grodin 1992.)

Plastic (viscous) model

Preload Tensile force Post load

Pelvic mobility
Pelvic anterior/posterior tilts and diagonal motions should be
assessed with the patient in side-lying, sitting, and standing posi
tions. If restrictions exist, identify the tissues involved and perform
soft-tissue mobilization and stretching techniques. Muscles com
monly involved are the psoas major, the quadratus lumborum and
the paraspinals. At the same time that the therapist is releasing the
restriction, the patient can be performing an active movement such
as the pelvic tilt, which may assist the release. As in all the following
examples, it is important to educate the patient about how to
improve functional movement patterns and to formulate an individ
ualized home exercise program.

Trunk mobility

With each progressive stretch, the tissue has some gain in total
length that is considered to be permanent.

In the clinical setting, the above description of elastic versus vis
cous deformation is evidenced by range of motion that is measured
before intervention, immediately after intervention, and 1-2 days later
when the patient returns for subsequent treatment. Although the
patient may demonstrate an increase in the range of motion (the vis
cous portion) after intervention, part of that increased range may be
lost from the elastic portion of the connective tissue by the time the
patient returns for subsequent treatment. Repeated sessions along
with an effective home exercise program should result in a overall
increase in range of motion and improved function.

Connective tissue, like bone, responds to Wolff's law and adapts
in the direction in which the stress is applied. Newly synthesized
collagen will be laid down in the direction of the stress applied
(Cantu & Grodin 1992).Therefore, it is critical to focus on effective
home exercise programs that enhance optimal postural and move
ment retraining. An important factor to consider when stretching the
connective tissue of the elderly is that the tissue responds optimally
to slow and prolonged stretching. The elderly individual requires a
longer time to loosen the connective tissue because of changes in bio
mechanical properties such as decreased ground substance and col
lagen flexibility. Heating modalities that produce tissue temperatures
in the 42.5-45.0°C range in conjunction with prolonged stretching
have been shown to produce a residual lengthening of tendons.
Collagen fibers have to be heated to 42.5°C or above and have con
tinuous force applied to them for at least 30 minutes. Ultrasound (at
I MHz with an intensity of 1.0W /cm2 for 10 minutes) may be used
to raise tissue temperature (johnson 1994).

Assess the patient's trunk mobility in supine, side-lying, sitting and
standing positions. Identify any restrictions in the abdominal mus
cles, such as the rectus abdominis or the lumbar extensors, and com
bine various trunk motions performed actively by the patient with
soft-tissue release to the areas.

Hip mobility
Assess the patient in all the above positions with the patient per
forming the hip motions actively as much as possible. Pay particular
attention to restrictions in the gluteal muscles, the rectus portion of
the quadriceps, the hip adductors, the tensor fascia latae, and the ili
otibial band.

Knee mobility
Assess the knee in the positions described above, focusing on the
quadriceps, hamstring, and gastrocnemius muscles, as well as the
mobility and tracking of the patellae. The hip, knee, and ankle
should be assessed in isolation as well as in combination, including
the trunk and pelvis, because areas of stiffness may involve muscles
and connective tissues that cross over two joints.

Ankle mobility
In addition to assessing motions of the ankle, observe the position of
the foot (pronation/supination) and restrictions in the talus/calca
neus and other bones of the foot, particularly in the standing posi
tion. Bressel & McNair (2002) reported that preliminary data from a
study looking at ankle stiffness, in a small population of stroke
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Figure 63.3 (A) Elongation of connective tissue (strain) plotted against time. (8) Repeated elongations of
connective tissue (strain) plotted against time.
(Reproduced withkind permission from Cantu Et Grodin 1992.)

-- -------------------------
Table 63.1 Areas of stiffness and discomfort and the
muscles involved

Identify restrictions in the intercostal muscles, diaphragm and over
all mobility of the rib cage. Stiffness or loss of flexibility of the thorax
in the aging person can be partially reversed through soft-tissue
mobilization and stretching techniques, movement re-education, and
specificallydesigned home programs that focus on further resolving
connective tissue restrictions. Great caution and individualized atten
tion must be given to each patient because of a high risk of injury due
to osteoarthritis, osteoporosis, and soft-tissue changes, especially
skin atrophy. Improved posture facilitates other movements such as
transfers, bed and mat mobility, ambulation and other functional
activities.

Rib cage

Assess all motions and identify restrictions in the scaleni, upper
trapezii, levator scapulae, sternocleidomastoids, and paraspinals of
the cervical area. It is strongly recommended that the clinician
should exercise caution when hyperextending the cervical spine to
avoid potential compromise of the vertebral artery in those patients
with cervical spondylosis.

Head and neck mobility

Pectoralis major, pectoralis minor

Intercostals

Suboccipltals, scaleni

Quadriceps, hamstrings

Dorsi and plantar flexors, gastrocnemius,
soleus, tibialisanterior, plantar fascia

Key muscles involved

Psoas, iliacus, quadratus lumborum

Rectus/hamstrings, internal/external
rotators

Shoulders

Rib cage

Neck

Knees

Ankles

Area of stiffness and
discomfort

Pelvic girdle and trunk
---_...:....-_--.:-~-------

Hips

patients, showed that ankle stiffness decreases after both prolonged
static and cyclic stretching.

CONCLUSION

Shoulder mobility
------------------------

Assess the shoulder in all the positions described, noting restrictions
in the pectoralis major and minor, the rotator cuff muscles, the long
head of the triceps, and the latissimus dorsi. ScapularI humeral and
scapularI thoracic motions should be evaluated along with motions
in the rib cage, sternum and clavicles.

Stiffness, a frequent symptom in geriatric patients, is caused by a
variety of factors leading to functional declines in posture and
mobility resulting in frailty. Some factors contributing to stiffness
may be mitigated by proper assessment, appropriate heating modali
ties, therapeutic exercises and manual techniques. Regular slow, pro
longed stretching is optimal to increase the length of connective
tissues in aged people.
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Fatigue is hard to define. In the nineteenth century, Beard (1880)
referred to fatigue as 'the Central Africa of medicine, an unexplored
territory which few men enter'. Unfortunately, fatigue still remains a
vague and difficult concept to define. Nevertheless, it is likely that most
people will experience fatigue at one or more times in their lives. It can
present in a multitude of ways, with a myriad of personal experiences
and descriptions, such as mental exhaustion, lack of motivation, phys
ical tiredness, and weariness.

FATIGUE - DEFINITIONS AND CONCEPTS

Infections

Sequelae from neurological
disorders

Autoimmune disorders

Malignancy

Endocrine disorders

Hormonal imbalance

Cardiac and pulmonary
disorders

Postoperative states

Fibromyalgia

Rheumatoid arthritis

Lyme disease, HIV/AIDS, postpolio
syndrome

Head trauma, Parkinson's disease,
stroke

Multiplesclerosis, systemic lupus
erythematosus

Cancer-related anemia, chemotherapy

Thyroid disorders

Pregnancy

Obstructive sleep apnea, COPD,
deconditioning

Fatigue is rarely a binary state, i.e. one hasfatigue or one does not. At
different times, everyone may experience levels of fatigue varying
from mild to overwhelming. Within the concepts of fatigue, it is also
important to consider a number of other descriptors of fatigue, namely
normal, abnormal, peripheral, or central, in addition to the differing
dimensions of fatigue. There is a clear distinction between peripheral
and central fatigue. Peripheral fatigue is defined as a reduction in the
maximal muscle force or motor output and iscommonly due to overex
ertion, prolonged or strenuous physical activity. Central fatigue con
versely refers to the general feeling often described as 'tiredness',
'weakness', 'languor', or 'sleepiness'. This may exist independently or
may be due to some underlying psychological or pathological condi
tion, as outlined in Table 64.1. It is accepted that 'normal' fatigue is a
state of general tiredness that is the result of overexertion and can be
ameliorated by rest. In contrast, 'abnormal' or 'pathologic' fatigue is a
state characterized by weariness unrelated to previous exertion levels
and is usually not ameliorated by rest. Both peripheral and central
fatigue may exist in normal and abnormal states. This discussion
focuses on this general tiredness and lack of motivation associated with
central fatigue.

Ream & Richardson (1996), in a large-scale concept analysis
review of fatigue literature, assimilated the pertinent information on
fatigue in its various forms and proposed a clarified definition for
the otherwise amorphous concept. The authors suggest 'fatigue is a

Depression

HIV, human immunodeficiency virus; AIDS, acquired immunodeficiency syn
drome; COPD, chronic obstructive pulmonary disease.

subjective, unpleasant symptom which incorporates total body feel
ings ranging from tiredness to exhaustion creating an unrelenting
overall condition which interferes with individual's ability to func
tion to their normal capacity'.

Krupp (2003) suggests that the experience of fatigue reported by
a patient may also be interpreted in different ways by different
healthcare professionals - physiotherapists, oncologists, nurses,
occupational therapists and neurologists. Nevertheless, she goes on
to suggest that fatigue can be conceptualized in a number of differ
ent ways, included in Box 64.1. Fatigue is not one-dimensional;
many authors report the importance of the various dimensions of
fatigue. In designing an instrument to measure fatigue, Smets et al
(1995) identified five discernible dimensions of fatigue, which are
general fatigue, physical fatigue, reduction in activity, reduction in
motivation and mental fatigue.



Table 64.2 Instruments to measure fatigue

Fatigue Impact Scale Fisk et al (1994)

Fatigue Descriptive Iriarteet al (1999)
Scale
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Box64.1 Concepts associated with fatigue (from
Krupp 2003)

Decreased mental and physical endurance
Decreased motivation
Depletion of reserves
Fatigability
Inabilityto rise to the occasion
When healthy, performance that is less that one's

expectations
Lassitude

Name

BriefFatigue
Inventory

Fatigue Assessment
Instrument

Developed by Populations validated

Mendoza et al (1999) Cancer patients, general
population

Schwartz et al (1993) General population,
various medical
conditions

Multiplesclerosis (MS)

General population, MS,
hypertension patients

have therefore become widely used. They also have the advantage of
being easily understandable by the patient and requiring little prior
training by the assessor. They are usually short and readily available.
Self-report measures have different structures, from simple unidi
mensional measures such as the Visual Analog Fatigue Scale (Glaus
1993) to more complex measures encompassing the multidimen
sional nature of fatigue, such as the Multidimensional Fatigue
Inventory (Smets et al 1995). Table 64.2 contains some of the com
monly used self-report scales, along with the populations in which
they have been validated. One particular measure of value for use
with older people is the Multidimensional Fatigue Inventory (MFI-20)
(Smets et al 1995). The Multidimensional Fatigue Inventory is a
20-item self-report instrument that acknowledges the comprehensive
nature of fatigue. It divides fatigue into the following dimensions:
general fatigue, physical fatigue, mental fatigue, reduced motivation
and reduced activity. It has been validated in both healthy older peo
ple and those with a range of common conditions. The creators
found the instrument to have good internal consistency and con
struct validity (Smets et al 1995). The MFI-20 is copyrighted on the

Piper Fatigue Scale Piper et al (1989)

FATIGUE IN LATER LIFE

Are we more likely to be fatigued when we are older? Does the type of
fatigue experienced throughout the course of life change? The findings
are contradictory: Beutel et al (2004) observed, in a large sample of
women, that all five dimensions of fatigue described above increased
gradually over time. However, Watt et al (2000), investigating the lev
els of fatigue in people aged 2~79 years in a population-based study,
found that most dimensions of fatigue decreased with age among
healthy people, compared with an increase with age in the group with
disease. Older people living in long-term care facilities may experience
more fatigue symptoms (Liao &Ferrell 2(00). Hence, all people, both ill
and healthy alike, old and young, may experience fatigue. The likeli
hood of experiencing fatigue is increased in people suffering from a
range of different medical conditions. These conditions are listed in
Box64.1,many of which can be more common in people over 65 years
of age. It is probably more helpful to focus on what self-reported
fatigue or tiredness is associated with, or a predictor of, in later life.

Avlund et al (1998) note that self-reported tiredness in functional
mobility in people aged 70 years is strongly predictive of mortality
during the following 10 years, even when disability at baseline is con
sidered. Functional mobility in this study related to the performance
of transfers, indoor and outdoor mobility in good and poor weather,
and managing stairs. Avlund et al (2002)also noted a predictive asso
ciation between people aged 75 years who report tiredness in four
lower limb activities and onset of disability in the following 5 years.
This association exists even when other variables associated with
onset of disability are considered in the analysis. In this sample,
Avlund et al (2001) also noted that men and women who self-reported
tiredness in functional mobility at 75 years of age were twice as likely
to be hospitalized in the year prior to follow-up, i.e, at 80 years, and
were also more likely to use home help services.

It is important to take seriously reports of tiredness or fatigue
by older people. Hence, measuring fatigue or tiredness in older peo
ple and exploring the reasons for its presence are significant because
its report may be an early marker of coexisting disease or a decrease
in functional reserve. If present, early intervention may prevent
functional decline and/or highlight the need for more substantive
evaluation.

MEASURING FATIGUE

Owing to the elusiveness of a precise definition of fatigue in the lit
erature, an individual's reported perception of his or her fatigue has
become the focus of fatigue measure-ment. These self-report scales

Fatigue Scale

Fatigue Severity
Scale

Fatigue Symptom
Inventory

Iowa Fatigue Scale

Multidimensional
Fatigue Inventory

Visual Analog
Fatigue Scale

Chalder et al (1993)

Krupp et al (1989)

Hann et al (2000)

Hartz et al (2003)

Smets et al (1995)

Glaus (1993)

General population

General population, MS.
systemic lupus
erythematosus, chronic
fatigue syndrome,
depression

Cancer patients and
general population

General population.
range of different
coexisting medical
conditions

Radiotherapy patients,
chronic fatigue
syndrome. psychology
and medical students.
army recruits

Cancer. general
population. postpolio
syndrome

Cancer and
gastrointestinaI
disease patients,
general population
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Form 64.1 The Multidimensional Fatigue Inventory (MFI-20)

Instructions

Bymeans of the following statements we would like to get an idea of how you have been feeling lately. There is, for example, the statement:

'I FEEL RELAXED'

If you think that this is entirelytrue, that indeed you have been feeling relaxed lately, please place an X in the extreme left box; like this:

yes, that is true 0 I=:I ] no,that is not true

The more youdisagree with the statement, the more youcan place anX in the directionof 'no, that is not true: Please do not miss out a statement

and place one X next to each statement.

J

[I~~IIJ

I

no, that is not true

no, that is not true

no, that is not true

no,that is not true

no, that is not true

no, that is not true

no, that is not true

no, that is not true
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1. I feel fit yes, that is true

2. Physically I feel only able to do a little yes, that is true

3. I feel very active yes, that is true

4. I feel likedoing all sorts of nicethings yes, that is true

5. I feel tired yes, that is true

6. I think I do a lot in a day yes, that is true

7. When I amdoing something, I can keep my yes, that is true

thoughts on it

8. Physically I can takeon a lot yes, that is true

: 9. I dread having to do things yes, that is true

10. I think I do very little in a day yes, that is true

11. I can concentrate well yes, that is true

, 12. I am rested yes, that is true

13. It takes a lot of effort to concentrate on things yes, that is true

14. Physically I feel I am in a bad condition yes, that is true

15. I have a lot of plans yes, that is true

16. I tire easily yes, that is true

17. I get little done yes, that is true

18. I don't feel likedoing anything yes, that is true

19. My thoughts easily wander yes, that is true

20. Physically I feel I am in an excellent condition yes, that is true

: Thank youverymuch for your cooperation.

©E. Smets, B. Garssen, B. Bonke. Reprinted with permission.
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names of the authors and is reproduced here with permission (Form
64.1). The scoring system and conditions of use are available from Dr
E.M.A. Srnets, Medical Psychology Academic Medical Center,
University of Amsterdam, PO Box 22660, 1100 DO, Amsterdam, The
Netherlands, e-mail: e.m.smets@amc.uva.nl.

INTERVENTIONS FOR FATIGUE

To date, there exists no standardized intervention for fatigue.
The treatment approaches taken depend largely on the suspected
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INTRODUCTION

The hand is the most active and important part of the upper extrem
ity.The function of the hand and its quality of performance are based
on many components such as psychological, musculoskeletal, sen
sory and social. Hand function declines with age and, therefore, for
clinicians working with elderly people it is crucial to understand the
possible functional deterioration in order to be able to offer primary
and secondary prevention programs.

The anatomy and biomechanics of the hand are complex. As we
age, several intrinsic and extrinsic factors may be involved in the
age-related functional decline; thus, the hands undergo changes even
without evidence of trauma or disease. Many of the obvious changes
are not a consequence of aging so much as a consequence of inactivity.

This chapter aims to provide an overview of the effect of the aging
process on hand anatomy and function.

HAND AGING: A PREDICTABLE PROCESS

Hand function is crucial for maintaining independence during daily
life activities. It has been demonstrated that a reduction in hand-grip
strength can predict the risk of future disability in aged people
(Carmeli et al 2(03). Natural and expected aging changes are geneti
cally and environmentally determined and contribute to the normal

decline. However, metabolic disorders such as rheumatoid arthritis,
osteoporosis, diabetes mellitus, sarcopenia along with accumulative
trauma disorders (i.e., due to repetitive movements), comorbidity,
and behavioral factors (i.e. declining physical activity, lack of motiva
tion) have a direct effect on the normal prehension patterns (grasping
wrapping and pinching). Additionally, they are important factors that
determine the age-related functional impairment of the hand.

As people get older, errors in the performance of manual skills are
accompanied by a progressive decline in perceptual-motor abilities.
Longer reaction times, deterioration of sensory capacity and a decrease
in muscle power contribute to the functional deterioration in hand
dexterity in the elderly. The outcome is an overall change in hand
coordination that cannot be viewed in isolation from the parallel
changes in sensorimotor capabilities, particularly the deterioration of
vision. It seems suitable for the present discussion to refer to the
decrease in hand function with age as a problem of hand-eye coordi
nation. In the following sections, the link between vision and hand
movements will be discussed within a developmental perspective.

HAND EVALUATION IN PRACTICE

A first assessment of hand function is carried out at an early stage
using a clinical examination. It can provide the alert observer with a
wealth of information about the patient's habits, personality and
physical health.

Hand structure and function are very complex issues to investi
gate because of their multifactorial nature, particularly within the
continuum of a natural aging process. As an integrated functional
unit, the human hand performs a wide variety of tasks that require
comprehensive examination. Although it is difficult to isolate any sin
gle prehension pattern as being the most relevant to assess function,
tests of hand grip strength, using a digital grip myometer, are usually
used to evaluate possible functional limitations and to anticipate
future clinical needs.

The first components of the hand-eye system that need to be eval
uated in order to assess the hand-eye function are:

1. hand anatomy: muscles and tendons, intrinsic bones and joints,
fingernails;

2. hand neurology: cutaneous and motor nerves;
3. hand metabolism and physiology: skin dexterity and vasculariza

tion;
4. hand motor behavior: prehension patterns, hand and finger func

tional movements, control and sensorimotor integration during
task-oriented reaching and grasping performances.
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THE FINGERNAILS

In the healthy individual, the fingernails grow continuously at a rate of
O.5--1.0mm per week. However, such a growth rate may slow during
severe illness, and such slowing may produce a 'coronary groove' in
the nail plate. This groove moves distally when normal nail growth
resumes. After the age of 80 years, the rate of female nail growth is
greater than that in males. The normal nail has a hard area near its root
but, under pathological conditions such as a deficit of albumin, cirrho
sis, or renal insufficiency, the whole nail plate is solid and white.
Lymphatic disorders might cause thickened and yellow nails. Metal
mineral deficiency (of iron or zinc) may result in a 'spoon-shaped'
nail. The 'club-shaped' or 'drumstick' nail appears following respira
tory, heart or intestinal diseases. Hypertrophic nails are commonly
associated with connective tissue disorders such as dermatomyositis.
However, age-related nail changes are less specific and involve dis
coloration, changes in contour and roughness of the nail plate. The
most common disorder of aging fingernails is fungal infection, which
is unly a source of 'cosmetic distress'.

THE SKIN

There are many characteristic changes in the skin of the hand that
result from poor dermatological conditions underlying disease and
metabolic disorders. The clinician should be specifically aware of the
following: chronic and pernicious anemia, liver disease, Raynaud's
phenomenon, lupus erythematosus, diabetes mellitus, thyroid dis
ease, and other unspecified skin alterations such as pigmentation,
cutaneous infarcts and vasculitis.

The aging skin of the dorsal side of the hand is often fragile, dry,
inelastic and wrinkled, and heals slowly after injuries such as cuts,
abrasion or burns.

A reduction in tactile sensation is also notable, accompanied by
fewer mechanosensory receptors at the fingers. These changes in sen
sory perception might affect the basic functions of the hand and fin
gers such as touch, force, grip and slow response time.

INTRINSIC MUSCLES, BONES, AND JOINT

The hand's diminished muscle mass and strength are not as promi
nent changes in elderly people as they are in other skeletal muscles.
The decline in hand-grip strength has been shown to enable predict
ing the risk of future dysfunction. The decrease in grip strength may
be a result of disuse and physical inactivity of the upper limb mus
culature, and/or eventually due to biochemical changes in the aging
tendon tissue. The latter is particularly important for an effective
transmission of forces from the extrinsic forearm muscles to the
hand, and for the performance of fast and precise finger motion.
Hand-grip strength deteriorates more extensively in patients diag
nosed with rheumatoid arthritis and osteoarthritis, and is secondary
to various conditions such as Dupuytren's contracture, Marfan's syn
drome, Raynaud's disease, myotonia and hypocalcemia.

NERVE CHANGES

Loss of normal hand motor function is seen as a result of trauma or
disease of the peripheral motor and/or sensory neurons. For exam
ple, a demyelinization of the neuronal axons, a diminished axon
diameter, a decline in active motor units (mainly in the thenar

group), axonal transportation interferences, and nerve compression
(the cervical-thoracic zone or more distally as in carpal tunnel syn
drome) can be expressed in the form of hand malfunction. Effects of
morphological and chemical changes in the central nervous system
(CNS) are widely reported (Kandel et aI2000) in the literature with
regard to hand motor control. Many movement disorders of central
origin may primarily manifest in the inability to move one or both
hands. The fine tremor signs in conditions of thyrotoxicosis and the
resting tremor of Parkinson's disease or multiple sclerosis are just a
few examples of a central impairment that is expressed in aberrant
hand movements. Possible explanations for the link between central
pathologies and the hand are explained next.

HAND MOTOR CONTROL

The 'reaching-to-grasp' movement is a skill that humans develop
early in life and may be representative of aging processes. The reach
ing-related muscles are centrally represented in a neural circuitry
that is rather differentiated from that of other systems (Kuypers
1973). The neural substrates responsible for the orientation of the
hand, the preshaping of the finger aperture, and the actual prehen
sion of an object, for example, are different from those responsible
for achieving the posture of the arm and trunk during the manipula
tion of objects (Humphrey 1979).

Based on the findings of Kuypers (1973), common models of arm
motor control have regarded the 'transport' of the hand and the 'grasp'
of an object as one functional unit. This view is supported by exper
imental observations showing that these two kinematically defined
aspects (reaching for an object and grasping the object) are independ
ently planned even though they are executed in parallel (Jeannerod
1988).A clinical implication of such a functional linkage is that reach
ing, grasping or both may be affected by the site of the injury regard
less of age.

Hand and arm timing behavior has been described by [eannerod
(1988) who showed that the transport of the hand to a target and the
timing of the finger opening--closure to grasp an object are finely
tuned. Such timing is extremely important for daily life activities as
well as for communicating our thoughts. The functional importance of
hand actions is such that finger, hand, and forearm musculatures are
extensively represented in the motor brain within large somatotopic
neural maps (Kandel et al2000). Such a widespread central represen
tation of arms, hands and fingers is, perhaps, an evolutionary expres
sion of its functional importance but, paradoxically, this increases the
likelihood of damage to the associated neural nets as a result of local
malady or trauma. Such extensive internal representation of the hand
in the brain explains why many CNS pathologies become manifested
in the form of negative or positive hand-related motor signs.

'Plasticity' is a fundamental characteristic of the CNS tissue but, at
different ages, people differ in their ability to adapt. After injury or
disease, elderly subjects often witness changes in the ability to move
the hands. Age does not facilitate adaptation, thus, training is crucial
for future functioning. Massive practice should be used to enhance
the plastic processes in the brain. In the condition known as webbed
finger syndrome (syndactyly), which is characterized by fusion of
the fingers at birth, the lack of individual finger movement is accom
panied by lack of representation in the brain in the corresponding
somatotopic area. As evidence of the plastic brain adaptability,
within a few weeks after surgical intervention and therapeutic train
ing, it is possible to observe a reorganization of the motor maps.
Single neuronal activity of each digit within the hand area may be
recorded from the brain upon movement of fingers that never
moved before (Kandel et all995).



During movements of the hand, the brain must also regulate the
transformation between the actual hand-arm positions relative to
external objects. This requires the use of information from visual and
proprioceptive sources. That is, hand movements cannot be studied in
isolation with no regard for other systems. People learn to reach for
fragile objects differently than toward other objects and make the
required adjustments based on vision. The appropriate posture of
the hand and the parallel finger aperture and prehension of an object
all depend on the visual perception of that object.

[eannerod (1988) suggested different visuomotor channels for the
transport of the hand to an object and for its grasp. The first channel
is related to external object coordinates in space and, thus, large axial
muscles are activated to bring the upper arm into an appropriate
posture and transport the hand close to the object. This part of the
skill is less affected by object characteristics. Thus vision is restricted
to defining the object spatial coordinates and movement. Hand ori
entation and grasping actions, on the other hand, are influenced by
previous forearm-hand movements and require visual perception of
the object characteristics to make preparatory adjustments in finger
aperture and closure. The latter depends on visual feedback and
involves more 'complex' perceptual processes.

VISION

The differences between the dependence of the transport and grasp
components on vision have been associated with peripheral and cen
tral vision respectively. Vision deteriorates with age, although we
become highly dependent on it. The link between the aging hand
and the aging visual system is relevant here. Central vision (CV) and
peripheral vision (PV) differ in many anatomical and functional
respects. CV is restricted to the central receptor area of the retina (the
fovea), where 'cone' cells are highly concentrated and project directly
into 'column' arrangements in the visual brain (occipital brain areas
17 and 18). Cells in the fovea capture light (in daylight conditions)
within the frequency spectrum that allows perception of color.
Because of the high spatial resolution (high acuity), the fovea is
adapted for conveying information that allows for the recognition of
objects and the perception of subtle object features such as line ori
entation, junctions, diagonal lines at different angles (Hubel &
Wiesel 1977).

Some eye-movement types (e.g. saccades) are intended to bring the
fovea 'on target'. Once the gaze is locked, the lens of the eye focuses
on the object, and a recognition process starts before the object is
grasped. Central vision facilitates visual perception of objects in
three dimensions by adding, depth via stereopsis (two eyes at a fixed
distance seeing the same object from a different perspective).

During PV, the remaining area of the retina (outside the fovea) is
used. In the periphery, cells called 'rods' have adapted for sensing
light in dark conditions (black-white changes or shadows). Rods
gradually decrease in density outwards. Such cells arrangement
enables PV to be sensitive to movement because changes in object
position projected on two separated and contiguous cells on the
retina will result in time derivatives (velocity sensing) that increase
when the space between cells increases (lower spatial resolution). As
the spatial resolution decreases toward the periphery. People tend
to look for moving objects using peripheral vision. The retina may
be regarded as an 'outgrowth' of the brain, and also the functional
organization of cells in the retina is an expression of evolution. In the
above discussion, it is postulated that hand transport toward an
object is associated with the more primitive PV, while the grasp is
associated with CV because finger aperture and closure are related
to the visual object characteristics (Humphrey 1979).
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Kuthz-Buschbeck and colleagues (1998) reported interesting find
ings in the development of functional hand characteristics in children.
Infants appear to show a mature stereotypic pattern of moving the
arm, and couple it to the fingers opening as early as 24 months after
birth. Purposeful reaching and a fine timing of arm and hand move
ments start as early as 3-4 months of age (Konczak & Dichgans
1997).This process is parallel to the development of vision and plays
a fundamental role in the timing of the arm transport and hand grasp
actions. At about 12 years old, children develop age-appropriate
patterns of motion (Kuthz-Buschbeck et all998). At this age, the occlu
sion of central vision (preventing children from seeing the object with
the fovea) causes excessive finger aperture during the transport,
when attempting to grasp the object (Kuthz-Buschbeck et al 1998).
With experience throughout early infancy, adulthood, and old age,
subtle control strategies are adopted. Over time, they may become
embedded within the neural system. As aging is accompanied by a
loss of visual functions, e.g. a decrease in visual acuity, a slowing down
of the saccadic eye movements, and a decrease in the ability to focus
on targets, eye muscles weaken as do the eye lens muscles, and thus
vision becomes blurred. Eventually, such a deterioration in vision
results in poor hand-eye coordination. Elderly people are able to
recalibrate the sensorimotor processes for using the hands.
Nevertheless, they appear to fail in implementing already structured
hand control strategies that they develop through life (Bock 2(05). In
conclusion, an aging hand is the result of combined cognitive, visual
and motor factors.

ERGONOMIC DEVICES

Everyday tools are not initially designed for elderly people. Mobile
phone use, nail scissors, microwave, keyboard and even withdraw
ing money from an automated teller machine (ATM),etc. are beyond
the manual capabilities of the large majority of elderly people. These
advanced technological devices are usually designed with small and
too close punched buttons, and with instrumental active daily living
apparatus (IADLs) that are not 'user-friendly' or ergonomically
suited for grabbing, holding, switching or tuning.

An example of this problem is the transcutaneous electrical nerve
stimulation (TENS) unit. Although an effective non-narcotic pain
control device, TENS units, because of their poor design, are usually
too difficult for use by aging people.

CLINICAL ASSESSMENTS

In order to clinically assess hand functions, in the context of clinical
neuropsychology tasks, several tests have often been used by physi
cal and occupational therapists such as the grooved pegboard test,
Crawford small parts dexterity test, Box and Blocks test, finger tap
ping test, tracing test, [ebsen Taylor hand function, and other tests.
Each test has its merits and should be applied according to the needs.

THERAPEUTIC TRAINING

A routine training program is indispensable for improving hand
functions. Such exercise training should be designed: (i) to recover
impairments such as muscle weakness and decrease in range of
motion; and (ii) to expand psychomotor functions and fine motor
coordination necessary for ADLs and IADLs using tools and appara
tus for the elderly people.
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CONCLUSION

Hand functioning mirrors the brain's normal functioning by means
of an extensive net of connections. Hands as well as eyes may be
viewed as extensions of the brain toward the periphery. Humans at
all ages use their hands to communicate and adapt to the demands
imposed by the surroundings. In order to meet such demands, the
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Table 66.1 Classification of body weightaccording to the
National Institutes of Health

Based on its practicality, BM! is recommended by the US Preventive
Services Task Force for screening adults for obesity (McTigue et al
2003). Indeed, the measurement of weight and height, on which the
BM! is based, is possible for most adults. When height and weight
cannot be measured directly, they can be obtained by self-report.
However, the accuracy of BM! may be compromised by the tendency
of individuals to underreport weight and to overstate height
(Niederhammer et al 2000). Regardless of the source of the height
and weight information used in its calculation, the BMI has limita
tions. These include the propensity of elders (particularly women
with osteoporosis) to lose stature with age and the failure of BMI to
differentiate between lean body mass and fat mass.

Alternatives to the BM! exist. Underwater weighing and X-ray
absorptiometry provide more specific information about adiposity
but are generally impracticable in rehabilitation settings. Bioelectrical
impedance is applicable in some settings, but is influenced by hydra
tion and by other variables used with its predictive algorithms.
Skinfold measurements are relatively easy to obtain, and measure
ments from a single site (e.g. subscapular) may be sufficient (Gam
et al 1971). The relationship of central adiposity to cardiovascular
disease renders waist circumference a useful supplement to BMI
(National Institutes of Health 1998). Waist circumference should be
measured just above the pelvic crest, parallel to the floor, while indi
viduals stand. A man is considered to be at high risk of weight-related

EXAMINATION

strong, with Colditz et al (1995) showing that women experience a
25% increase in the relative risk of diabetes for each added unit of
BMI over 22.0kg/m2. Other comorbidities accompanying increased
body weight include hypertension, coronary artery disease, stroke,
respiratory problems (including sleep apnea), osteoarthritis, and
some forms of cancer among elders who are overweight or obese
(National Institutes of Health 1998).

As concerned as rehabilitation professionals should be about these
comorbidities, it is the functional limitations accompanying increased
body weight that are particularly relevant to their practice. The com
bination of increased body fat and decreased strength (which typi
cally occurs with aging) can render demanding activities such as
standing from a chair or climbing stairs painful, difficult, or impossi
ble (Sarkisian et al 2000, Larrieu et al 2004, Bohannon et al 2005).
Consequently, it is essential that rehabilitation professionals address
the body composition of their patients. Hereafter, some fundamentals
of the examination and interventions for overweight and obesity are
covered.

Body mass index(kg/m2)

<18.5

18.5-24.9

25.0-29.9

30.0-34.9

35.0-39.9

Normal weight
------------------

Overweight

Classification

Underweight

Obese (class I)

Obese (class II)

Obese (class III)

• Introduction
• Examination
• Interventions
• Conclusion

The National Institutes of Health (NIH) classifies body weight (Table
66.1) on the basis of body mass index [BMI; weight (kg)/height
(m2) ] . The agency defines overweight and obesity as a BM! of
25.0-29.9 kg/m2 and 2:::30.0 kg/m2 respectively (National Institutes
of Health 1998).The combined prevalence of overweight and obesity
is high among elders. In the United States, between 1999 and 2002,
the prevalence of overweight and obesity combined was 39.4% for
60- to 69-year-olds and 25.3% for individuals at least 70 years old
(Silventoinen et aI2004). Both mean BMI and the prevalence of over
weight are increasing in all western European countries, Australia,
the United States and China (Silventoinen et aI2004).

Numerous untoward consequences are associated with increased
body weight. Among elders in the United States, obesity is associ
ated with an estimated 111 909 excess deaths (Flegal et al 2005).
Overweight and obesity are accompanied by numerous comorbidities.
The relationship between weight and type 2 diabetes is particularly
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comorbidities if his waist circumference exceeds to2 em (40 in); for
women, the criterion is 88cm (35 in).

INTERVENTIONS

For elders who are overweight or obese, even small losses of weight
have been shown to be highly advantageous. Larsson & Mattsson
(2003), for example, found that obese women who achieved a to%
weight loss realized significant improvements in walking speed, oxy
gen consumption, pain and perceived exertion. Felson et al (1992)
discovered that individuals who achieved a weight loss of 2 or more
BMI units (about 5.1 kg) over a to-year period reduced their likeli
hood of developing knee osteoarthritis by more than 50%. Given
such findings, health professionals should not be shy about engag
ing patients about their weight. Patients are generally desirous of
advice about diet, assistance with setting weight goals, and recom
mendations regarding exercise (Potter et al 2(01). These desires are
within the realm of five basic strategies that can be used alone or in
combination in an effort to promote weight loss. They are diet, physi
cal activity, behavior therapy, pharmacotherapy and bariatric surgery
(National Institutes of Health 1998).

Dietary therapy focuses on reduced caloric intake. Low-calorie
diets (800-1500 kcallday) can reduce total weight by a mean 8% over
a period of 6 months. Unfortunately, weight loss thus achieved is
usually not sustained (National Institutes of Health 1998).

Physical activity is often reduced in overweight and obese elders.
As walking activity decreases, percentage overweight increases
(Tryon et al 1992). As sitting time increases, BMI increases (Brown et
al 2(03). Aerobic exercise regimens, which serve to increase activity
over baseline, are able to produce modest weight losses (3.0 kg for
men and 1.4kg for women) (Garrow & Summerbelll995). Such exer
cise can take many forms, but research indicates that elders prefer
walking as a mode of exercise (McPhillips et al1989). For elders tol
erant of progressive walking, pedometry can be usedto monitor and
reinforce activity. For individuals unable to tolerate sufficient walking
to achieve a therapeutic benefit, alternatives not entailing the full load
of body weight may be indicated. These include recumbent cycling or
aquatic activities. Resistance exercise should be considered as it may
enable elders to better handle their weight and to increase their
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INTRODUCTION

Pain is the symptom that most commonly prompts individuals to
seek healthcare. Over 80% of older adults have at least one chronic
condition that results in some type of discomfort, including pain
(Burke & [erret 1989). While arthritis is the most common cause of
pain, other conditions that result in chronic pain for the elderly
include cancer, compression fracture, degenerative disk disease, dia
betic peripheral neuropathy, hip fracture repair, postherpetic or
trigeminal neuralgia and stroke. Although the incidence of pain
increases with age, reports of pain tend to decrease slightly among
the oldest individuals (Ferrell & Ferrell 1996). Older people fre
quently believe that pain is an inevitable consequence of aging that
must simply be endured. Upon being questioned, they may deny
being in pain out of fear of medical procedures and related expenses,
loss of autonomy and possible institutionalization. Unfortunately,
across the continuum from acute postoperative to chronic persistent
pain, older people experience less than optimal pain management.
Inadequate assessment and undertreatment of pain remain two pri
mary problems for older individuals (Taylor et aI2005).

The atypical presentation of pain in the elderly complicates its clini
cal evaluation. The cardinal signs of inflammation, including pain,
redness, elevated temperature and swelling, are less pronounced in
older individuals. For example, acute myocardial infarction can occur
without significant pain, while conditions such as appendicitis, bowel
gangrene, peptic ulcers and pneumonia may result in only mild dis
comfort. Instead of producing pain, these conditions may contribute
to other behavioral signs such as confusion and fatigue. Conversely,
pain that is less common in the elderly, such as headache, can signal
serious medical problems such as cerebrovascular accident and tem
poral arteritis (Tierneyet aI2003).The interdependence of chronic pain
and depression has been thought to be even greater for older people.
However, younger individuals with rheumatoid arthritis have been
found to be more likely to report depressive symptoms and to have

higher levels of daily stress and higher levels of pain than older peo
ple (Wright et al 1998).

EVALUATION OF PAIN

Key professional organizations (e.g. the American Geriatrics Society
Panel on Persistent Pain in Older Persons 2(00) and regulatory agen
cies (e.g. Joint Commission on Accreditation of Healthcare Organiza
tions 1999) have advocated improved assessment and treatment of
pain experienced by older people. Appropriate evaluation of pain
involves the synthesis of information derived from the patient's his
tory, subjective interview, objective physical examination and special
tests (e.g. laboratory, imaging, electroneuromyography, etc.). The
evaluation should clarify the underlying basis for pain and guide
therapeutic interventions or result in referral for other specialized
healthcare services. Importantly, this evaluation provides baseline
information needed to determine the effectiveness of treatment.
Periodic re-evaluation allows assessment of the response to treatment,
including adverse reactions. The evaluation of pain is unfortunately
complicated by its very personal and subjective character. The manner
in which an individual reports pain is related to a range of factors that
include age, cognitive status, gender, personality, ethnic/cultural
background, behavioral needs and past pain experiences.

The patient/client history should include information about cur
rent medical conditions and medications that are prescribed: over
the-eounter and natural or home remedies. Past interventions that
have been both successful and unsuccessful in controlling pain
should also be noted. It may be possible to determine patient expec
tations for or biases against certain interventions, and also to gain
further insight as to why a prior treatment was a success or a failure.
For example, a previous lack of patient education may have con
tributed to poor adherence to a prior pain management strategy.

The individual should be given the opportunity to freely verbalize
complaints of pain and related symptoms (e.g. aching, burning,
fatigue, joint locking, joint warmth, paresthesia, stiffness, etc.). The
clinician should then direct specific questions concerning the onset,
occurrence (e.g. at rest vs. activity), intensity (current vs. greatest and
least during a specific time period), quality, distribution and dura
tion of pain. Situations that aggravate and relieve pain should be
identified (e.g. types of movement, postures, rest, etc.). The patient
can mark a body diagram to document the location(s) and quality of
their pain (Fig. 67.1). Assessment of behavioral indicators of pain is
especially useful for documenting the presence of pain in individu
als with limited verbal or impaired cognitive abilities (Box67.1).



in detecting changes based on the limited number of rating cate
gories is the primary limitation of this type of scale. The Iowa Pain
Thermometer (lPT) combines an expanded VDS and a pain ther
mometer (PT) (Taylor et al 2(05).

The Numeric Rating Scale (NRS; also call the Pain Estimate or PEl
requires patients to rate the severity of their pain on a scale of 0 to 10,
or 0 to 100 ('0' indicating no pain, and endpoints of '10' or '100' rep
resenting the worst possible pain that could ever be imagined).
Understanding the definitions related to these endpoints is critical. If
a patient mistakenly believes that a rating of '100' is to indicate 'the
worst pain I've ever had', pain that is even more severe the next day
could not be properly rated. The primary advantages of this
approach are that it is easy to understand and that ratings can be
done verbally.

The Visual Analogue Pain Scale (YAPS) employs a horizontal 10
cm line with 'no pain' at the left and 'pain as bad as it could be' at the
right (Fig. 67.2). Patients mark one location on the line correspon
ding to the intensity of their pain. This scale may also be vertically
oriented. An alternative format requires the rating of pain relief,
employing scale anchors of 'complete pain relief' and 'no pain
relief'. A major limitation of visual analogue scales is that they rely
on vision and motor control, which may be limited in some older
patients. While it has been suggested that elderly individuals may
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Box 67.1 Behaviors that are recommended to be
described when assessing pain in older individuals who
are nonverbal or cognitively impaired

Change in behavior
• Change in socialization, mood, or psychosocial function
• Change in activities of daily livingor function
• Change in appetite
• Restlessness
• Agitation or aggressiveness
• Change in sleep pattern
• Change in ambulation

Change in body language
• Facial expression, grinding teeth or grimacing
• Change in body movement (includes stillness,

decreased movement, guarding, holding body part,
change in posture, limited range of motion. limping or
increased muscle tension or tone)

• Unspecified
Vocalization

• Moaning or groaning
• Crying or calling out
• Sighing or grunting
• Unspecified

Reproduced with kind permission from Molony et al 2005. Name: P-tiel\t X

Pain drawing

Date: _

The objective examination should focus on physical signs or
impairments thought to be associated with a given pain problem
(e.g. edema, gait parameters, joint tenderness, muscle strength and
endurance, posture, pulmonary functions, range of motion, skin tem
perature, tissue healing, tolerance to palpation, etc.). Typically, there
are reduced levels of activity and functional independence, so it is
important to evaluate physical function including activities of daily
living (ADL) and physical performance related to occupational and
recreational pursuits. It should be recognized that some ADL assess
ment tools (e.g. the Katz Index of ADL or the Barthel Index) do not
represent an adequate range of functional activities for community
active older people, while other tools require too high a level of func
tioning for some institutionalized cognitively impaired elderly
individuals (e.g. the Physical Performance Test). Weiner et al (1996)
found that observational analysis of simulated ADL performance
was sensitive and valid in assessing pain behavior in older people
with chronic low back pain. Importantly, functional limitations
should be translated into treatment plan outcome goals.

PAIN ASSESSMENT TOOLS

A number of pain assessment tools have been developed in an attempt
to document clinical pain more objectively.The most basic tool for the
assessment of pain intensity is the Verbal Descriptor Scale (VDS;also
called the 'Verbal Rating Scale'). Patients are instructed to rate their
pain intensity as being 'none', 'mild', 'moderate', 'severe', or 'unbear
able', This scale is preferred by individuals who find it easy to under
stand, resulting in low failure rates for their scoring. Lack of sensitivity

Indicate on the diagrams below the area(s) orlocation(s) where you are currently
experiencing symptoms. Use the Key below tohelp you fill out the diagrams.

Key: PPPPP =pins and needles; SSSSS =stabbing; XXXXX =burning;
ZllIl. =deep ache

Figure 67.1 Body diagram completed bya patient to indicate
location and quality of pain.
(Pattern resulting from right L4-5 lumbar foraminal stenosis with neurogenic
claudication. Provided courtesy of MarkJ. Levsen, Assistant Professor,
Physical Therapy Department, St Ambrose University, Davenport, lA,USA.)



o No pain L J Pain asbad as
~ildModerateSeverJ it could be

Figure 67.2 Simple pain rating scales. (A) Visual analogue pain
rating scale (horizontal). (B) Visual analogue pain rating scale
(vertical). (e)Visual analogue pain relief rating scale. (0) Graphic
rating scale.
(Reproduced with permission from Barr2000.)

have difficulty with the abstract thought processes required to use
visual analogue scales, these scales been found to be useful and reli
able with older patients (Herr & Mobily 1993).

The Graphic Rating Scale (GRS)combines a visual analogue pain rat
ing scale with word descriptors (e.g. mild, moderate, severe). It is
important that the word descriptors be placed without spacing along
the line between endpoint anchors in order to improve the distribu
tion of patient responses.

Herr and colleagues have provided support for the use of the Faces
Pain Scale (FPS)with both cognitively intact and cognitively impaired
older individuals (Herr et a11998,Taylor et a12005).This scale consists
of seven cartoon facial depictions arranged in order from least to most
distressed (Fig. 67.3).The patient points to the face that best represents
the intensity of their pain. An ordinal pain intensity value ranging
from 0 (face at left) to 6 (face at right) is then assigned by the clinician.
In order to improve visualization by some older patients, it has been
suggested that the height of the faces be increased to 4crn, and facial
markings bedarkened and slightly separated.

The McGill Pain Questionnaire (MPQ) is the most widely recog
nized multidimensional tool for assessing pain in the general

Complete I INo pain
pain relief --------- relief

A No pain

B

c

I--------~I Pain asbad as
it could be

Pain asbad as
itcould be

No pain
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population. It includes a body diagram for locating sites of pain.
Sensory, affective and evaluative qualities of pain are assessed using
a pain rating index that is based on word descriptors. Pain intensity
is measured with a five-category present pain intensity scale. A short
form of the MPQ has reduced tool administration time from 15 min
utes to 5 minutes or less (Melzack 1987). Although this short form
may be less fatiguing, complex word descriptors may present diffi
culty to some individuals based on their educational level, verbal
intelligence and cognitive impairments.

Most of these pain rating scales have been criticized for focusing
on the intensity of pain while excluding other important qualitative
pain characteristics. It has been recommended that a comprehensive
evaluation of pain should include both unidimensional (e.g. VDS,
VAPS) and multidimensional (i.e. MPQ) measures as each assesses an
important part of the overall pain experience (Gagliese & Melzack
1997).Alternatively, the 24-item Geriatric Pain Measure questionnaire
assess pain intensity, patient disengagement, and pain during ambula
tion, strenuous activities, and other activities (Ferrell et a12000).

To date, only a small number of studies have critically assessed
methods of rating pain usedexclusively by older individuals. Goode &
Barr (1993) found that a majority of community-active older peo
ple felt that the PE (i.e. NRS) was both easier to use and better
described their recollected pain than the VAPS. Utilizing the FPS,
NRS, VAPS and VDS with cognitively intact older individuals, almost
half of whom were African Americans, Stuppy (1998) concluded that
a majority preferred the FPS, which was also valid and reliable.
Herr & Mobily (1993) determined that community-based elderly
people preferred and found the VDS easier to use than the VAPS, the
NRS or the PT. Using ambulatory geriatric clinic patients, Ferrell et al
(2000) reported that the GPM was both valid and reliable. Wynne et
al (2000) found that more than half of their cognitively impaired
long-term care residents could utilize the FPS, VASand VRS, but not
the McGill word scale; lower cognitive function made completion of
these scales more difficult. Examining cognitively impaired commu
nity elderly (mean Mini Mental State Exam score = 15.7), Krulewitch
et al (2000) determined that over 40% could complete the VAS, FPS
and the Philadelphia Pain Intensity Scale. For those able to complete
one or two scales, the greatest number completed the Philadelphia
Scale. This six-item scale requires patients to assess pain at four points
in time (i.e. over past few weeks, right now, at its worst and at its least)
and to determine how much pain has interfered with daily activities
[using integer ratings from T (not at all) to '5' (extremely)), and to
note how many days a week that pain gets really bad. Further
research is needed to determine the intertester reliability and validity
of this scale (Parmelee 1994).Most recently, Taylor et al (2005) reported
that both cognitively intact and cognitively impaired older assisted
living residents preferred the VDS and IPf over the NRS and FPS.
Concurrent validity was support for all assessment tools, except for
the FPS when usedby the cognitively impaired group. Test-retest reli
ability was acceptable for the cognitively intact subjects using all
these assessment tools, but was unacceptable for the cognitively
impaired group for all tools except the VDS.

Figure 67.3 The faces painscale.
(Reproduced with permission from Bieri et al 1990.)
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A number of practical suggestions for assessing pain experienced
by older people have appeared in the literature (Herr & Mobily 1991,
Taylor et aI2005). The health status of the patient/client, severity of
pain and ability to cooperate should guide the number and com
plexity of evaluation sessions needed for adequate pain assessment.
It is crucial to establish good rapport and to avoid being rushed dur
ing evaluation sessions, both increasingly difficult tasks in today's
healthcare system. Impairments in vision, hearing, speech, and men
tal processes should be taken into account and accommodated as
these will have a direct impact on the use of specific pain assessment
tools. Lighting should be adequate and larger print on evaluation
tools may be needed. The patient must be able to successfully use a
pain measurement tool, with supervision and even coaching if
necessary. In the presence of cognitive impairment, time must be
provided for patients to assimilate questions and to formulate
their responses. A daily pain log or diary can be used by patients and
caregivers to document pain intensity, medications, response to
treatment, and functional activities. Family members, friends, and
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INTRODUCTION

Successful physical rehabilitation of older people requires that pain
be eliminated or minimized to a level that allows the improvement
of related impairments [e.g. weakness, low endurance, loss of joint
range of motion (ROM), etc.], the removal of functional limitations
(e.g. inability to ambulate independently, ability to sit for only brief
periods, etc.) and the prevention of disability (e.g, inability to work
at community food bank or to travel to visit grandchildren, etc.).
Analgesic medications are the most common treatment used for pain
management in older adults. However, hazards associated with
some popular medications used for pain control by the elderly are
becoming increasingly well known. Factors related to proper phar
macological management of pain are discussed in Chapter 12.
Although Clinical Practice Guidelines established by the American
Geriatrics Society emphasize pharmacologic interventions for per
sistent pain, nonpharmacologic approaches alone or in combination
with medications should be an integral part of care (American
Geriatrics Society Panel on Persistent Pain in Older Persons 2(02).
Proper use of conservative interventions for pain control can lessen
the need for medications and may allow postponement of elective
surgery for some painful conditions that are common in older adults.
Unfortunately, conservative nonpharmacologic interventions are
still often not used in the management of some diagnoses associated
with pain in older individuals (Shrier et aI2006), and some interven
tions commonly recommended for pain control may not be fre
quentlyemployed (Leseberg & Schunk 1990). Importantly, patients
aged 55 years and older benefit as much as, if not more than,
younger patients who participate in multidisciplinary chronic pain
rehabilitation (Middaugh et aI1988).

This chapter reviews evidence regarding the effectiveness of con
servative interventions commonly used to control pain experienced

by older people (i.e. individuals aged 55 years and more). Interven
tions discussed include assistive devices and orthotics, massage,
electrical stimulation, thermal agents, and exercise. Information from
systematic reviews focused on diagnoses common for older people,
and randomized control trials (RCTs) limited to older individuals are
emphasized. The former include reviews conducted by the Philadel
phia Panel (2001) and the Cochrane Collaboration (2006). Theoretical
mechanisms of action for these interventions in controlling pain are
outlined in Box68.1 (Barr 2000).

ASSISTIVE AND ORTHOTIC DEVICES

Properly selected and fitted assistive or orthotic devices act to limit
mechanical forces that would otherwise stimulate pain at a site of
pathology, inflammation or trauma (see Box 68.1). Canes and walk
ers are among the most common assistive devices used by older
individuals with pain. Hip joint contact forces can be reduced by
over 30%using a cane held in the hand opposite to the involved hip.
Raised seats on toilets and chairs act to limit joint forces at the hips
and knees during push-off from a seated position.

Impact-absorbing shoes may help to relieve foot, ankle, knee and
hip pain from osteoarthritis (OA). Hodge et al (1999) assessed foot
orthotics (prefabricated, standard custom molded, custom with
metatarsal bar, custom with metatarsal dome) for older patients with
rheumatoid arthritis (RA).Pressure at the first and second metatarsal
heads was significantly reduced by all orthoses tested. The standard
custom molded and dome orthoses significantly decreased walking
pain. However, only the dome orthosis significantly decreased pain
during standing, and it was preferred by a majority of patients. A
pilot study by Seligman & Dawson (2003) demonstrated that a com
bination of customized heel pads and soft orthotic inserts produced
a significant decrease in heel pain from plantar fasciitis.

Knee pain from medial compartment OA may be decreased by the
use of lateral heel wedges in shoes. These wedges shift more of the
joint loading to the lateral side of the knee. With medial femorotibial
osteoarthritis, Maillefert et al (2001) found that, when compared with
neutral insoles, laterally wedged insoles were associated with signif
icantly decreased nonsteroidal anti-inflammatory drug (NSAlD)
consumption at 6 months. However, scores on Western Ontario &
McMaster Universities Osteoarthritis (WOMAC) index subscales for
pain, joint stiffness and physical function did not differ significantly
for the two types of insoles. In a 2-year follow-up, Pham et al (2004)
found essentially the same outcomes, plus no significant difference
in the rates of joint space narrowing. Interestingly, using lateral
wedges in combination with subtalar straps for 6 months, Toda &
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Box 68.1 Primary theoretical mechanisms of action for conservative interventions used to manage pain
(adapted from Barr 2000)

Decrease activity of nociceptors ortheir
sensory neurons

Limitmechanical stresses through:
• Use of assistive gait device (e.g. cane or walker) or orthotic

(e.g. shoe insert, splintor brace)
• Minimizing effects of gravity via hydrotherapy or swimming
• Preventing acute edema formation with ice, compression and

elevation
• Resorption of chronic edema via mild heat, massage, elevation,

compression or electrical stimulation
• Elongation of connective tissue using vigorous heat (diathermy

or ultrasound) and prolonged stretch
" Restoration of normal joint arthrokinematics viajoint mobil-

ization, stretching or strengthening exercise
• Application of ergonomic principles

Limiteffects of depolarizing and sensitizing agents
through:
" Enhanced local circulation with mildto moderate heat, mas

sage, exercise or electrical stimulation
.. Decreased local metabolic activity with cryotherapy (e.g.

cold pack or ice massage)
• Decreased muscle spasm via heat, cold, massage, TENS or

exercise

Create local anesthetic or anti-inflammatory effects
through:
.. Iontophoresis (e.g. with lidocaine (lignocaine) or dexam

ethasone)

Tsukimura (2004) demonstrated significant decreases in both the
femorotibial angle and pain but no significant changes with tradi
tional insoles. Knee braces incorporating a varus unloader increase
femorotibial separation during walking and can be used for unicom
partmental knee pain, but these have not been found to be effective
for obese patients with knee OA (Buckwalter et aI2oo1). Systemati
cally reviewing brace and orthotic effectiveness in the treatment of
knee OA, Brouwer et al (2005) concluded that laterally wedged
insoles decrease pain medications and may decrease pain, and a
knee brace is better than a neoprene sleeve in improving pain, stiff
ness and function; however, a 13% incidence of low back, foot sole
and posterior knee pain is associated with strapped insoles.

Spinal orthoses can provide varying degrees of immobilization,
plus important tactile cues, for patients with neck and back pain.
While a soft cervical collar does little to immobilize, tactile cueing can
help a patient with mild spondylosis to limit motion or improve align
ment of the cervical spine. For a patient with RA and atlantoaxial
subluxation, a rigid Philadelphia collar or a sternal-occipitoandibular
immobilizer (SOM!) may be required.

Kyphosis related to spinal osteoporosis often causes chronic upper
and middle back pain in older women. A cruciform anterior spinal
hyperextension (CASH) orthosis or Jewett hyperextension orthosis can
be used to limit spinal flexion. In contrast, an orthosis that limits exten
sion, such as a Williams flexion orthosis, can be used to control pain
from spinal stenosis. Compression fractures from spinal osteoporosis

• Phonophoresis (e.g. with hydrocortisone)
• Cryotherapy (e.g. cold pack or icemassage)

• TENS

Increase activity of mecbonoreceptors ortheir
sensory neurons

Stimulate mechanoreceptors through:
• Passive and active joint range of motion (ROM) exercise
• Jointmobilization
• Comfortable massage (e.g. effleurage and petrissage)
• Voluntary (e.g. walking, swimming, bicycling) or electrically

stimulated exercise

Directly stimulate large-diameter neurons from
mechanoreceptors through:
• Comfortable low- to moderate-intensity TENS (e.g. con

ventional, pulse-burst or modulated TENS)

Increase descending orspina/level inhibition within
the central nervous system

Use of uncomfortable 'counterirritants' such as:
• Intense massage (e.g. vigorous kneading, strong friction,

acupressure, connective tissue massage)
• Uncomfortable but tolerated TENS (e.g. strong low-rate,

brief-intense or hyperstimulation TENS)
• Uncomfortable brief ice massage

TENS, transcutaneous electrical nerve stimulation.

may call for a thoracic lumbosacral orthosis (TLSO). Pfeifer et al (2004)
evaluated the 'Spinomed', a lightweight perispinal metal orthosis, with
an abdominal pad and shoulder straps. It was worn a mere 2 hours per
day by women with osteoporotic vertebral fractures. At the end of
6 months, orthosis wearers demonstrated: a 38% decrease in 'average'
pain; a 27% decrease in limits of daily living; an 11% decrease in
kyphotic angle; a 25%decrease in sway; and an increase of 73% in back
extension and 58% in abdominal flexor strength.

Special considerations
When using assistive devices to limit forces on the lower extremities
or spine, the clinician should be careful not to overload the patient's
upper extremities. Adverse effects of orthotic use include skin break
down due to pressure from orthotic components, psychological
dependency, and weakening of muscles whose action has been limited
by the orthosis. Proper evaluation, selection, fit and short-term use of
assistive devices and orthotics can help to prevent these problems.

MASSAGE

Massage is defined as the intentional and systematic manipulation
of soft body tissues to enhance health and healing (Benjamin &
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Table 68.1 Common modes of transcutaneous electrical nerve stimulation (TENS) for pain (adapted from Barr 2000)

Mode classification

'Conventional'

'Strong low-rate'
(or 'acu puncture-like')

'Brief-intense'

'Pulse-burst'

'Modulated'

'Hyperstimulation'

TENS unit output
characteristics

Frequency: 10-100Hz
Intensity: low to medium

Frequency: <10Hz
Intensity: high

Frequency: 60-150Hz
Intensity: high

Frequency: high
(60-100Hz) modulated
by low (0.5-4Hz)
Intensity: low to high

Frequency, pulse duration,
or amplitude modulated
separately or together
Intensity: low to high

Frequency: 1-100Hz
Intensity: high, based
oncurrent density

Electrode site options

At perimeter of painful area; over nerve
to region; or at segmentally related area

Over nerve related to muscle in or
remote from painful area

Over nerve related to muscle in or
remote from painful area

Over nerve related to muscle in or
remote from painful area

Anyof these listed sites

Acupuncture points

Desired perceptual-motor
experience

Comfortable paresthesia superimposed
on painful area, or in segmentally related area

Uncomfortable rhythmic muscle
contractions at patienttolerance

Uncomfortable tetanicmuscle contraction
that fatigues, at patienttolerance

Weak to strong intermittent tetanicmuscle
contraction and paresthesia

Weak to strong sensation, with or without
muscle contraction; may minimize perceptual
accommodation

Sharp burning sensation at tolerance;
no muscle contraction

Tappan 2005). There are many varieties of massage, ranging from the
comfortable and gentle superficial stroking of effleurage, to the
invigorating kneading of petrissage, to uncomfortable forms of deep
friction massage. Potential mechanisms underlying pain relief with
these various forms of massage are noted in Box68.1.

Although the Philadelphia Panel (2001) concluded that there were
insufficient data for the general population to reach a conclusion
about the effectof massage for low back pain, neck pain, and shoulder
pain, a systematic review by Furlan et al (2002) determined that mas
sage can provide some relief for subacute and chronic back pain, espe
cially in combination with stretching exercises and patient education.

A limited number of studies on massage have been conducted
exclusively with older individuals. While slow stroke back massage
used with older nursing home and hospice homecare patients signif
icantly decreased heart rate and blood pressure and significantly
increased skin temperature after the intervention, pain was not
assessed in these studies (Fakouri and Jones 1987, Meek 1993).
Sansone & Schmitt (2000) had trained certified nursing assistants
(CNAs) to provide 'tender touch' massage to older nursing home
residents suffering from chronic pain and dementia over a period of
12 weeks. Patients experienced decreased pain and anxiety scores,
and the CNAs reported improved ability to communicate with the
residents. Mok & Woo (2004) determined that 10minutes of nightly
slow stroke back massage given to hospitalized patients with shoul
der pain after cerebrovascular accident was associated with signifi
cantly decreased pain and anxiety that lasted for up to 3 days when
compared with a control group.

Special considerations
Massage is a safe intervention with a low risk of adverse effects.
General contraindications for massage include skin infections, active
inflammation, and deep vein thrombosis. Specific contraindications
for massage can be related to both the underlying pathology and
the amount of force provided by a specific massage procedure.

Contraindications would include, for example: superficial stroking
over open wounds and areas of acute inflammation or infection;
kneading massage to limbs at risk of deep vein thrombosis, with a
nonconsolidated fracture, active cancer tumor, thrombophlebitis, or
during anticoagulant therapy; and friction massage over a recently
healed bum wound.

Vigorous massage strokes, such as deep effleurage or petrissage,
should not be applied to fragile skin that is prone to tearing, as is
encountered with many frail elderly individuals. Because of mas
sage's influence in lowering heart rate and blood pressure, the clini
cian must be aware of other medical conditions (e.g. postural
hypotension) that could be aggravated. Older individuals may
require special positioning to receive massage based on underlying
medical conditions (e.g. severe chronic obstructive pulmonary dis
ease, preventing the use of a recumbent position) or deformity (e.g.
severe kyphosis, limiting positioning in prone lying) (Benjamin &
Tappan 2005).

ELECTRICAL STIMULATION

Clinical electrical stimulation as done by nonphysician rehabilitation
professionals (e.g. physical therapists, occupational therapists,
nurses and their assistants) is done using electrodes placed on the
surface of the skin to stimulate nerves transcutaneously. More specif
ically, transcutaneous electrical nerve stimulation (TENS) involves
the stimulation of cutaneous and peripheral nerves to control pain.
At least six types, or 'modes', of TENS have been described in the
literature: conventional (or 'high frequency'), strong low-rate (or
'acupuncture-like'), brief intense, pulse-burst, modulated and
hyperstimulation (Barr 2000).Box68.1 outlines the potential mecha
nisms of action for these common TENS modes.

Each mode of TENS involves specific electrical stimulator output
characteristics that produce different perceptual-motor experiences
related to the relief of pain (see Table 68.1). Placement of electrodes
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varies with the TENS mode used and can include positioning of a
pair of electrodes: at the perimeter of the painful area (i.e. 'bracketing'
the area); over a cutaneous or peripheral nerve proximal to the painful
area; over a peripheral nerve to a muscle in the painful area; with one
electrode over the site of pain and the other paraspinally over the
related segmental nerve root; or at related acupuncture points.

The Cochrane Collaboration has published systematic reviews
concerned with electrical stimulation for pain control, which have
included older patients among their subjects. Osiri et al (2000) assessed
the effectiveness of TENS in treating knee OA. Pain relief from TENS
and acupuncture-like TENS delivered over at least 4 weeks was sig
nificantly better than placebo treatment; knee stiffness was also sig
nificantly improved by TENS. Different TENS modes (high-rate and
strong-burst) had significant benefit in pain relief over placebo. The
Philadelphia Panel (2001)also found clinically important benefit for
pain and patient global assessment, and noted good evidence to
include TENS as an intervention for pain associated with knee OA.
However, electrical stimulation/TENS was determined either to be
of no benefit or to have insufficient data relative to low back pain,
knee pain after surgery or associated with tendonitis, chronic neck
pain, and for non-specific shoulder pain or shoulder pain from cal
cifie tendonitis.

Two other applications of electrical stimulation have been system
atically reviewed. Brosseau et al (2003) evaluated the effectiveness of
TENS for the treatment of RA of the hand. Acupuncture-like TENS
was determined to be beneficial in reducing resting pain (but not
grip pain) and joint tenderness, and in improving muscle power
compared with placebo. Conventional TENS had no clinical benefit
for pain compared with placebo. Oddly, more patients receiving con
ventional TENS than acupuncture-like TENS were reported to have
assessed their RA disease activity as decreasing. Price & Pandyan
(2000) assessed the efficacy of common forms of surface electrical
stimulation for preventing and treating poststroke shoulder pain.
Evidence from the RCTs reviewed was not seen to either confirm or
refute that electrical stimulation (including TENS) to the shoulder
after stroke influenced reports of pain; however, passive lateral
rotation of the shoulder appeared to benefit. No adverse effects were
documented.

Todate, only a small number of studies have been found that exam
ined the effect of TENS exclusively with older adults. Grant et al
(1999)compared acupuncture with TENS for chronic back pain. Both
interventions significantly improved pain scores and decreased
analgesic intake after 4 weeks of treatment and for up to 3 months
after treatment. Barr and associates (2004) applied conventional
TENS, high-intensity pulse-burst TENS, and sham TENS to assisted
living residents with chronic musculoskeletal pain. Pain was decreased
significantly for both conventional and pulse-burst TENS, averaging
23% and 32% respectively. Not surprisingly, low-intensity conven
tional TENS was found to be more comfortable than high-intensity
pulse-burst TENS. Most recently, Defrin et al (2005) treated patients
with knee OA with either innocuous or noxious (hyperstimulation)
intensities of interferential current (IFe) electrical stimulation. IFC to
the knee produced significant decreases in chronic pain and morning
stiffness, and significant increases in ROM and pain threshold. ICF
was deemed to be very effective (with hyperstimulation being most
effective in decreasing the intensity of knee pain).

Special considerations
The most common problem associated with TENS for a small number
of patients at any age is dermatitis at the electrode sites. Dry skin ass0

ciated with aging and the use of alcohol-based skin care products can
increase skin resistance to the flow of electrical current, which then

requires higher intensity stimulation. This may cause discomfort and
irritation to the skin. The use of additional electrode gel, slight mois
tening of an electrode's synthetic surface, and hydration of the skin
with a nonalcohol-based cream can lower skin impedance and increase
comfort for these patients. Regular use of alternate electrode sites can
prevent the breakdown of fragile skin due to the cumulative effects of
allergic, chemical, electrical and mechanical irritation. To prevent tear
ing of the skin during electrode removal, electrodes should be peeled
off gently and slowly while holding down the underlying skin.

The primary contraindication for TENS in older adults is use near
areas with implanted electrical devices, such as older demand-type
(synchronous) cardiac pacemakers that may be affected by the field
generated by the stimulator. All patients with cardiac pacemakers
should be electrically monitored during initial trials and extended use
of TENS. If interference is noted, it may be possible to have the cardi
ologist reprogram the pacemaker to a lower level of sensitivity (Chen
et aI1990).

In order to facilitate appropriate use and adherence, rehabilitation
professionals should be familiar with the options available for TENS
units and their components. TENS units that require no adjustment of
complex controls may be best suited for a patient with cognitive lim
itations who needs to use TENS as part of a home program. Self
adhering electrodes or electrodes that are incorporated into a band
with a Velcro closure may be the best option for an older adult with
limited mobility or impaired hand dexterity.

THERMAL AGENTS

The thermal agents used in pain control include a variety of thera
peutic cooling and heating modalities that have both direct and reflex
effects. Thermal agents can target body tissues at various depths,
ranging from the skin to the muscle/bone interface. The effective
depths of penetration for common thermal agents are depicted in
Table 68.2.

Superficial heating agents (e.g. hot packs, warm hydrotherapy,
paraffin, fluidotherapy and infrared) or deep heating agents (e.g.
short-wave and microwave diathermy, and ultrasound) can be used
to increase blood flow, membrane permeability, tissue extensibility
and joint ROM in ways that can contribute to decreasing pain. Heat
and cold alter both peripheral and central nervous system excitabil
ity, and can thus serves as a means of modulating pain. Brief uncom
fortable application of cold (e.g. brief ice massage) can be used as a
'counterirritant' to decrease pain (see Box 68.1 for the theoretical
mechanisms of action).

The Philadelphia Panel (2001)determined in the general popula
tion that thermal agents were either of no benefit or lacked evidence
to either include or exclude them as a therapeutic intervention for
chronic low back pain, neck pain, shoulder pain and knee pain from
OA or after surgery. However, ultrasound was found to have a clini
cally important benefit in managing pain associated with shoulder
calcific tendonitis.

Only a couple of additional systematic reviews have been con
ducted for thermal agents. Robinson et al (2002) evaluated ther
motherapy used for RA. While no significant effects on pain were
determined for hot or ice packs, positive results on pain were seen
with paraffin wax baths and nonresisted exercise after four consecutive
weeks of treatment. Assessing thermotherapy for treatment of OA,
Brosseau et al (2004) determined that, while ice massage had signifi
cant beneficial effect on knee ROM, strength and function, and cold
packs decreased swelling, neither had a significant impact on pain.

Over the past 50 years, a large number of studies have attempted
to establish either the efficacy or the effectiveness of thermal agents



Table 68.2 Depth of effective penetration into the body by
common thermal agents (reproduced with permission from
Barr 2000)

in controlling pain and related clinical problems. Unfortunately,
only a few studies have specifically focused on older patients. In
some instances, opposing thermal agents (i.e. cold vs. heat) have
been shown to have equivalent effects on pain for some clinical pain
problems. Hamer & Kirk (1976) compared cryotherapy (i.e. towels
dipped in crushed ice and water) with ultrasound in the treatment of
chronic shoulders that included active and passive exercise. While
both agents were associated with improved pain, there were no
significant differences between treatments relative to pain grade
improvement, number of treatments, or shoulder rotation. Williams
et al (1986) compared cold and hot packs, both combined with exer
cise, in treating RA affecting the shoulder. Although both groups
demonstrated improvement, there were no significant between
group differences for changes in pain or shoulder ROM (flexion or
abduction). These findings may reflect separate but equally potent
mechanisms of pain relief, which, when combined with exercise,
act to further control pain and enhance function. Assessing the
effects of short-wave diathermy (SWD) vs, a placebo control treat
ment on knee OA, Wright (1964) determined better, but not signifi
cantly greater, long-term improvements for SWD. Also evaluating
effects for knee OA, Clarke et al (1974) found that ice bags applied
above and below the knee produced short-term significant improve
ments in knee pain and stiffness in comparison with both actual and
sham SWD.

The proposed theoretical mechanisms of action may not be sup
ported (Box 68.1), however. For example, Klemp et al (1982) deter
mined that ultrasound treatment of chronic fibromyotic upper
trapezius muscles actually resulted in a significant decrease in muscle
blood flow during treatment. Interventions that can afford pain relief
for older people need not be technically complex. Robinson &
Benton (2002) determined that the use of warm blankets for elderly
hospitalized patients produced reduced levels of discomfort (e.g.
pain, being cold or feeling anxious).

Thermal agent

Cold pack

Hot pack

Hydrotherapy (warm)

Paraffin

Fluidotherapy

Infrared

Nonluminous

luminous

Short-wave diathermy (27.12 MHz;
subcutaneous fat <2 cmthick)

Microwave diathermy (2450 MHz;
nondirect contact applicator;
subcutaneous fat <O.5cmthick)

Ultrasound

3MHz

lMHz

Depth into soft tissues

2mm-4cm

2-5mm

2-5mm

2-5mm

2-5mm

2-5mm

5mm-1 cm

1-3cm

1-5cm

1-2cm

1-5cm
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Special considerations
A range of precautions for thermal agents used with older adults
have been discussed by Kauffman (1987). Contributing to an
increased risk of thermal injury are factors such as: decreased hypo
thalamic thermoregulatory system reactivity; decreased autonomic
and vasomotor responses; impairments in the circulatory system;
loss of sweat glands; atrophy of skin and related reduction in circu
lation; decreased sensation of thirst; and decreased perception of
thermal gradients. Medications can impair thermoregulatory control.
For example, vasodilation of the skin may be hampered by diuretics
which limit volume expansion. Anticholinergic drugs, dermatologic
conditions and spinal cord lesions can impair sweating. Long-term
use of steroids produces fragile capillaries easily damaged by ther
mal agents. Skin vasodilation from the heating of large body surface
areas can produce hazardous demands on cardiac output. Cold
agents may produce short-term increases in systolic and diastolic
blood pressures, posing a risk for hypertensive patients. Cold agents
may be associated with increases in mechanical stiffness of joints and
cold intolerance for some patients.

Considerations for older patients when using thermal agents
include (Barr 2000):

1. Selecting an appropriate thermal agent for a given clinical condi
tion. Deep heating of joints involved with pathologies such as
OA should be avoided because it may contribute to temperature
sensitive enzymatic lysis of joint cartilage. Superficial moist heat
ing for less than 20 minutes has actually been shown to produce
lowering of joint temperature. However, with arthritic knees,
intra-articular temperature 3 hours after treatment is increased
by superficial heat and decreased by superficial cold agents
(Oosterveld & Rasker 1994).

2. Lowering temperatures for heating agents and increasing tem
peratures for cooling agents. Hot and cold packs will need to be
better insulated by using a greater thickness of toweling. If the
patient can only be positioned comfortably by resting on top of
these packs, additional layers of toweling must be used because
of compression of the insulating layers.

3. Producing a slower rate of temperature change, particularly for
ultrasound, which provides rapid deep temperature elevation.
This can be accomplished by using a lower intensity, faster
sound head movement and less overlap of sound head strokes.

4. Shortening treatment time. The traditional 30 minutes for super
ficial heating agents may need to be limited to no longer than
20 minutes. More conservative treatment durations for deep heat
ing agents may be appropriate. For example, it may be necessary
to perform ultrasound for 5 minutes for each 150cm2, as opposed
to 5 minutes for an area two to three times the sound head area
(2D-30cm2) .

Although the above modifications may improve the safety of ther
mal agents used with older patients, further research is needed to
determine whether the resultant treatment effects are increased or
diminished.

EXERCISE

Exercise programs can range from low intensity (e.g. walking) to high
intensity (e.g, strengthening or endurance exercises) and may include
specific types of exercises, such as trunk flexion, extension or 'core'
strengthening programs. Various forms of exercise may be employed
to modulate pain either directly or indirectly, as depicted in Box 68.1.
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A direct effecton pain may be achieved by increasing input from joint
mechanoreceptors through passive or active exercise.Indirect effectsof
exerciseon pain may be related to: increased blood flow that disperses
chemical depolarizing/sensitizing agents; decreased edema; inhibition
or fatigue of muscle spasm; enhanced ROM, flexibility, strength or
endurance, which may improve biomechanical factors; and relaxation
and reduction in anxiety.Additionally, exerciseis an important adjunct
to other interventions (e.g. thermal agents, patient education, etc.) in
attaining significant relief from chronic pain (Allegrante 1996).

In the general population, the Philadelphia Panel (2001) deter
mined that therapeutic exercise has clinically important benefit for:
low back pain (i.e, postsurgical, subacute, and chronic, but not for
acute); knee pain (i.e, associated with OA; but not when done preop
eratively for postsurgical pain); and chronic neck pain. Insufficient
evidence was found relative to shoulder pain due to calcific ten
donitis or non-specific shoulder pain. A systematic review by van
Baar et al (1999) determined that there was evidence of beneficial
effects of exercise for OA of the knee or hip. However, a more recent
systematic review by Fransen et al (2001)using more extensive data
bases found that, although land-based exercise reduced pain and
improved physical function for patients with knee OA, studies were
insufficient to determine the value of exercise for hip OA.

A few specific RCTs warrant specific mention. Minor et al (1989)
compared 12 weeks of aerobic walking, aerobic aquatics, nonaerobic
active ROM, and relaxation exercises for chronic RA and OA. Both
the aerobic and the nonaerobic exercises demonstrated significant
improvements in pain, and there was no significant difference between
these groups. Ferrell et al (1997) assigned older adults with chronic
musculoskeletal pain to 6 weeks of a supervised program of walking,
a pain education program (i.e, demonstrations on heat, cold, massage,
relaxation and distraction), or 'usual care' (i.e.continuation of already
prescribed treatments, printed information about pain management,
and weekly phone calls from a nurse educator). Pain improved signifi
cantly for patients in both intervention programs but not for those
receiving usual care. Baker et al (2001) assessed the effectiveness of a
4-month progressive high-intensity home exercise program (HEP) on
knee OA for community-dwelling elderly people (vs, nutrition educa
tion as a control group). Outcomes included significantly greater
improvements for the HEr (vs. the control group) relative to pain,
strength, and improved function. Evaluating the impact of a 12-week
Sun-style T'ai Chi exercise program for women with knee OA, Song
et al (2003) found that T'ai Chi was associated with significantly less
joint pain and stiffness, fewer difficulties in physical function,
improved balance, and increased abdominal muscle strength in com
parison with a nonexereise control group. Most recently,Lin et al (2004)
evaluated the effectiveness of a 12-month community-based water
exerciseprogram for sedentary community-dwelling elderly individu
als (vs. monthly education combined with quarterly phone calls).
Exercise participants had significantly better improvements in pain,
physical function, ability to ascend/descend stairs, and both hip and
knee ROM; however, differences were not significant for quadriceps
strength and for ratings of psychological well-being.
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Special precautions
Appropriate precautions should be followed when using exercise for
pain management with older adults. During strenuous resistive exer
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risks a dangerous elevation in blood pressure. Severe osteoporosis
and degeneration of the alar ligaments in the cervical spine in
patients with RAmay pose limitations for even gentle ROMexercises.
Vigorous eccentric exercise in both young and old subjects induces
muscle soreness 24-48 hours later. Although tissue repair rates are
similar to those for younger subjects, older individuals show signifi
cantly greater muscle shortening following eccentric exercise. This
may predispose the older individual to a greater risk of injury with
additional exercise.

CONCLUSION

A range of conservative interventions can be successfully employed
for pain control with older people. Based on studies conducted to
date, the best support exists for the use of therapeutic exercise.

Practitioners who lack formal training in the use of these interven
tions, or do not have these interventions within their scope of prac
tice, will need to refer patients to other members of the rehabilitation
team. Historically, physical therapists have been educated in how to
evaluate patients for and treat with the interventions discussed in this
chapter. Increasingly, nurses and occupational therapists are being
trained to use some of these interventions (e.g. heat/cold, massage,
and TENS). Healthcare professionals must be knowledgeable about
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DEFINING THE PROBLEM

Gait training is one of the most frequently prescribed rehabilitation
techniques for the older adult because gait is the most common of all
human movements and, as such, any pathology that affects it requires
immediate attention. Normal gait includes a complex sequence of limb
motions that propel the body in an energy-eonserving, stable and
shock-absorbing manner. Rehabilitation therapists must be aware that
a healthy geriatric gait includes a wide variety of 'normal', yet dis
ruptions in the sequence of actions are easily identified (see Table69.1).

Gait changes due to aging, disease or disability become problem
atic when the individual suffers pain, has difficulty maintaining bal
ance, lacks sufficientendurance or has insufficient ability to ambulate
to meet his/her activities of daily living (ADL). Gait disorders are
associated with falls in older adults. This is clinically relevant
because falling is one of the leading causes of injury-related deaths
among elderly people (Runyan et aI2oo5). For many older adults, the
inability to ambulate safely results in loss of independence and fre
quently results in the need for institutional assistance (Guralnik et al
1994, Quadri et aI2oo5).

GAIT ASSESSMENT

Gait analysis must beconducted in order to determine what gait devi
ations and / or problems are present. There are many valid and reliable
gait assessment tools that are appropriate for use with the older client.
Observational gait analysis is routinely performed by clinicians and
refers to the use of qualitative methods to assess gait deviations
(McGinley et al 2003, Ranchos Los Amigos National Rehabilitation
Center 2(01).Other gait assessment methods utilize measures of dis
tance, stability and time (see Table 69.2). Assessment of gait speed is
important as it has been shown to be the single best predictor of dis
ability and frailty among older adults (Guralnik et aI2(00).

When assessing gait, the healthcare provider must consider that
many specific pathologies (orthopedic, neurological, biomechanical,
cardiopulmonary) may contribute to gait deviations, and that the typ
icalelderly client usually presents with multiple problems. Individual
pathologies (i.e. stroke, Parkinson's disease, etc.) may result in a typ
ical pattern of gait deviation, but many elderly adults have one or
more common gait deviations.

The International Classification of Diseases, 9th edition (ICD-9) rec
ognizes the existence of gait abnormalities that have causes that can
not be clearly determined but that produce symptoms that represent
important problems in medical care. The ICD-9 codes include code
781.2Abnormality of Gait, which describes ataxic, paralytic, spastic
or staggering gait patterns. The code 719.7 Difficulty in Walking is
appropriate to use for individuals who demonstrate a limp or related
problems during gait that are due to unspecified disorders of the
pelvic region, thigh, lower leg, ankle and foot. Both codes may be
appropriate to describe the gait conditions for which many elderly
people require training.

GAIT TRAINING

Findings from the results of gait analysis are used to design appro
priate interventions. Gait difficulties may be attributed to impaired
motor control, abnormal joint range of motion, impaired sensation
and/or pain. The challenge for the healthcare provider is to deter
mine the relationship between impairments and deviations
(Ranchos Los Amigos National Rehabilitation Center 2001).A single
impairment can result in multiple deviations. For example, decreased
plantar flexor muscle function may result in excess knee flexion,
excess dorsiflexion and lack of heel off during single limb support.
A single deviation may also be caused by multiple impairments. For
example, excess plantar flexionmaybe caused by either a plantar flex
ion contracture or plantar flexion spasticity.Some suggested interven
tion strategies for common gait deviations of the elderly are included
in Table 69.3.

Gait training may involve any combination of: (i) mobility and
transfer activities; (ii) pregait mat and standing activities; (iii) static
and dynamic balance activities; (iv) interventions during gait; and (v)
adaptation of assistive devices or environment in order to reduce gait
deviations.

Mobility and transfer activities include rising-to-standing and
returning-to-sit. Compared with young adults, healthy older adults
show similar patterns of rising from sitting, although they tend to
minimize the forward body displacement during returning-to-sit.
Frail elderly people frequently demonstrate difficulty in initiating
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Table 69.1 Normal vs. pathological gait in the elderly

Parameter Normal aging gait Pathological gait

Speed Decreased self-selected and fast speed, although ability
remains to voluntarily increase speed from
self-selected to fast speed

Significant decrease in freevelocity «0.85 m/s) with loss of
abilityto voluntarily increase speed from self-selected gaitspeed

Step/stride lengths Smaller step and stride lengths but symmetrical Significant decrease in step and stride length and/or
nonsymmetrical steps

Step width Averages 1-4 in Step width is>4 in or less than 1 in; or too much or too little
step width variability

Either large toeclearance or tripping or both

Large toe clearance or tripping or both;forefootor foot-flat
contact during initial contact; excess plantar flexion or
dorsiflexion

Small toeclearance

Mild decrease in force at push-offand/or slight
decreases in plantar flexion and dorsiflexion range
of motion

Toe clearance-------------------------=------_---:.-'---=----------
Ankle-foot

Knee Range of motion from 5° flexion during weight acceptance
to 600 of flexion during swing limbadvancement

Limited or excessive flexion, wobbling; extension thrust

Hip 15-200 of flexion during weight acceptance and 15-20°
of apparent hyperextension at terminal stance

Limited flexion or extension; 'past retract' meaning a visible
forward and then backward movement of the thighduring
terminal swing; excessive abduction or adduction; excessive or
limited internal or external rotation

Pelvis 5°of forward rotation during weight acceptance; and 5°
of backward rotation at terminal stance and preswing;
iliaccrest on reference limb is higher or equal to the
iliaccrest on the opposite side during midstance

Limited or excess rotation forward or backward; pelvic drop;
pelvic hiking

Trunk Erect Forward, backward or sideways lean

Table 69.2 Gait assessment and outcome measures

Measure Description Findings

Dynamic Gait Index
(Shumway- Cook
et al 1997)

Eight elements are assessed on0-3 scale where 3 = normal,
2 = mild impairment, 1 = moderate impairment,
o= severely impaired. Items include:
(i) 20-ft gait on level surface (pattern, speed, assistive

device, balance)
(ii) Change in gait speed from comfortable to fast
(iii) Gaitwith horizontal head turns
(iv) Gait with vertical head turns
(v) Gaitand pivot turn
(vi) Step over obstacle (shoe box)
(vii) Step around obstacles (cones at 6-ft intervals)
(viii)Steps (using rail if necessary)

Scores of .s;19are predictive of falls in older
community-living adults

Gait Abnormality
Rating Scale (GARS)
(Wolfson et al
1990)

Gaitis rated according to 16elements ona four-point
scale ranging from 0 to 3 where 0 is normal. Items
include:
(i)Variability of stepping and arm movements
(ii) Guardedness in stepping and arm swing
(iii) Weaving
(iv) Waddling
(v) Staggering

A higher GARS score indicates a more impaired gait.
GARS score>18indicates patients who are at thegreatest
risk of falls

(Continued)
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Measure

Gait Abnormality
Rating Scale 
Modified
(GARS-M)
(VanSwearingen
et al 1996)

Gait Speed (Guralnik
et al2ooo;
Steffen et al
2002)

Performance
Oriented Mobility
Test (Tinettti 1986)

Description

(vi) Lower extremity % time in swing
(vii) Lower extremity heel contact at heel strike
(viii) Lower extremity hip ROM
(ix) Lower extremity knee ROM
(x) Elbow extension (ROM)
(xi)Shoulder extension (ROM)
(xii) Shoulder abduction (pathological increase)
(xiii) Arm-heel strike synchrony
(xiv) Head position (check for head heldforward)
(xv) Shoulder position (check for elevation)
(xvi) Trunk position (check for trunk flexion forward)

Gaitis rated according to seven elements ona four-point
scale ranging from0 to 3 where °is normal. GARS-M
includes items i, ii, v,vii, viii, xi and xiii from GARS
(listed above)

Instructions are 'to walkat yournormal comfortable
walking speed' and 'to walkasfastasyou comfortably
can' over anestablished distance (typical distances are
6 or 10m), Note whether the distance measured
included acceleration and deceleration. If preferred,
measure the timeto complete three consecutive stride
lengths within a 9-m distance

Nine elements onthe Balance test(maximum score = 16)
plus10elements on the Gaittest (maximum score =
12) are assessed on eithera 0, 1 or 0, 1,2 scale with
higher scores associated with betterperformance.
Balance test items include:
(i) Sitting balance (0, 1)
(ii) Arise fromchair(0, 1,2)
(iii) Attempts to arise from chair (0, 1,2)
(iv)lmmediate standing balance upon arising

(0,1,2)
(v) Standing balance, feet close together (0, 1,2)
(vi)Standing balance with nudge to subject's sternum

(0, 1,2)
(vii)Standing balance, feet close together, eyes

closed (0, 1)
(viii)Standing turn 360° continuityof steps (0, 1)and

steadiness (0, 1)
(ix)Sitting down from standing (0, 1,2)

Gaittest items include:
(i) Examine hesitancy at initiation of gait (0, 1)
(ii) Rightswing foot steplength (0, 1)
(iii) Rightswing foot clearance (0, 1)
(iv) Leftswing foot step length (0, 1)
(v) Leftswing foot clearance (0, 1)
(vi)Step symmetry (0,1)
(vii)Step continuity(0,1)
(viii) Path deviation, if any, over 10-ft course (0,1,2)
(ix)Trunk sway or walking aid, if any(0,1, 2)
(x)Walking stance - stride width (0, 1)

Findings

A higher GARS-M score indicates a more impaired gait.
GARS-M scores >8 indicates those whoareat the greatest
riskof falls

Gait speed that is<0.8 m/sindicates a high riskof fallsand/or
disability

Scores < 19 indicate a high riskof falling,scores of 19-24
indicate moderate riskof falling, scores of 25-28 indicate a
low riskof falling

(Continued)
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Table 69.2 (Continued)

Measure

Timed 'Up Et Go'
test (Podsiadlo Et
Richardson 1991)

Walk Tests (2or 6
or 12min)
(Butland et al
1982, Enright Et
Sherrill 1998,
Eng et al 2002)

Description

Using stopwatch, start timing at 'go'. Startposition is
fully seated in the back of chair. Use chair with
armrests. Time the period to rise from seated chair,
walk 3m,turn around, walk back to chair and sit.
Document whether performed with or without use of
arms (arms to becrossed over chest upon rising from
chair) and whether assistive device was used

These tests estimate maximum oxygen consumption.
Using standardized instructions, the patient is
instructed to walkas far as possible in the time
permitted. Prediction equations of the total distance
walked during the first time s-mln walk for healthy
adults (40-80years): For men: distance (m) = [7.57 x
height (cm)-(5.02 x age)- 1.76 x weight (kgll-309m.
For women: Distance (m) = [2.11 x height (eml
2.29 x weight (kg)]-(5.78 x age) + 667 m

Findings

Young adults generally score <10 seconds; Older adults who
take ;;'13.5seconds to perform theTUG areat greater risk of
falls. Scores >30 seconds identifies individuals who will have
significant difficulties in ADLs

Mean (SO) distances for healthy individuals aged 61::': 12years:
2-min test: 149::': 35m
6-mintest;413::': 107m
12-mintest: 774::': 229 m

Mean (SO) distances for individuals with a diagnosis of stroke:
2-min test: 62.5::': 8.5m
6-min test:267.7::': 89.7m
12-mintest: 530.5::': 184.9m

Table 69.3 Potential intervention strategiesfor common gait deviations

Observed deviation

Difficulty rising from sitting

Trunk forward lean (flexed posture)

Trunk backward lean

Trunk sideways lean

Trunk and pelvis decreased rotation

Foot clearance

Decreased push-off at terminal
stance

Decreased endurance

Decreased balance

Strategy

Scoot forward in chair, lean forward to rise
Push from chair; strengthen triceps/latissimus dorsi
Adapt chair height/firmness

Reduce hip flexoror othercontractures, if present
Strengthen hipextensors and ankle plantar flexors
Provide feedback for normal posture
Raise height of walker or cane, if needed

Provide feedback for normal posture
Strengthen hipflexors
Practice disassociation of trunkmuscles from pelvic motion

Strengthen hip abductors
Correct leg length discrepancy

Practice trunkrotation exercise on mat, in sitting and standing
Attempt four-pointgait drills
Use PNF facilitation during gait
Facilitate trunk rotation on upper body ergometer

Strengthen and facilitatedorsiflexors
Reduce lower extremity contractures, if any
Assess appropriateness of ankle-footorthosis (AFO)

Strengthen plantar flexors
Facilitate awareness of ankle push-offduring gait

Adapt gait with appropriate assistive device to pattern that requires less energy (e.g. convert
four-pointgait to swing-to pattern, use wheeled walker vs. standard walker, etc.)

Progress distances traveled and speed

Assess need for assistive device
Provide postural control training
Assess and modify footwear
Modify environment for safety (e.g. increase lighting, clear pathways, etc.]



rising-to-standingand tend to perform a rapid descent when retuming
to-sit.Activities to facilitate safe chair rising and sitting should include
using the upper extremities for assistance and facilitating awareness
of body position relative to the chair. Floor-to-stand transfers are rec
ommended for individuals who are tolerant of these high-level
activities.

Pregait exercises are designed primarily to improve trunk and
extremity strength and control. Strength training should be directed
toward improving lower extremity strength, particularly of ankle
plantar flexors and dorsiflexors, quadriceps, hip abductors, and hip
extensors at an intensity sufficient to result in improvement (70-80%
of the one-repetition maximum). Upper extremity strengthening
should be conducted to improve strength of the latissimus dorsi and
triceps. Appropriate mat exercises include pelvic tilt movements, hip
raising (bridging), trunk twisting, sitting push-ups (latissimus dorsi
dips), and quadriped activities including rocking and arm and leg
reaching. Pregait standing activities include weight shifting, arm rais
ing, chair push-ups, toe raising, hip hiking and leg swinging, and a
progression of drills from four-point to swing-to to swing-through,
Advanced standing activities include sideways and backwards
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ambulation. These pregait standing activities may be progressed
from using the parallel bars to using an assistive device to freestand
ing movement. Normal postural alignment should be encouraged in
all activities.

Static and dynamic balance activities for gait training may be per
formed in sitting and standing positions. Sitting activities include
controlled reaching and leaning within the base of support, with
movement side-to-side, forward and backward. Sitting postural con
trol may be challenged by using external disturbances such as a gen
tle push. Standing balance may be enhanced with the use of
weight-shifting activities in which the patient is asked to move as far
in all directions as he or she is comfortably able without needing to
bend at the hips or take a step. Controlled reaching, lifting and
weight-shifting activities assist in training for standing balance. The
level of difficulty may be increased by performing reaching, lifting,
and weight-shifting activities while standing on high-density foam.
Sophisticated computerized force platform systems offer monitoring
for various weight-shifting and response activities, which might
include responding to a moving floor in some cases. Evidence sug
gests that the older adult may demonstrate better balance during gait

Table 69.4 Considerationsfor prescribing assistivedevices for gait

Device

Can~

-sinqlepoint
-broad based
-small based
-rolling quad

Crutches
-axillary
-Loftstrand

Walkers
-standard
-rolling
-hemi
-platform
-rollators

Obj~ctiv~

Enhances stability through w~ight

redistributlon: compensates for losses
in vision and proprioception

Permits significant weight-bearing shift
from I~gs to arms

Offers qreater stabilityandsignificant
weight-bearing shift from legs to arms

Considerations for prescription

Appropriate for individuals who need balance and
stability assistance with minimal weight-b~aring
shift (upto 25%)

Coordination needed to use effectivelv; may not
beappropriate for elderlv people with impairments
in cognition or coordination

Single point offersthe least weight-bearing shift and
broad base offers the most weight-bearing shift

Rolling quad is effective for use in individuals with
limited upper extremitystrength or coordination

Perm its more weight-bearing shift (500f0 or greater) than
a cane (upto complete nonweight-bearing on oneleg)

Less stable than a walker
Requires good balance and upper body strength
Inappropriate use of axillary crutches may result in
brachial plexus injuries

Loftstrand crutches permit hand use and reaching

Provides more w~ight-bearing shift (50010 or greater)
than a cane but with more stability than crutches;
difficult to maneuver on stairs

Standard offers the greatest stability but may be
difficult for olderadultsto maneuver; requires more
attentionaldemand and has great~r destabilizing
effects compared with the rolling walker

Rolling walker is less stable than standard but is easier
to propel for those with upper body weakness; reduces
energy costs by 5% compared with standard walkers

Rollators have the advantages of a rolling walker with
brakes and a seat Heml walker allows a larg~ base of
support for individuals with one functional arm

Platform walkers areheavy and increase ~nergy cost but
permit weight-bearing shift through the humerus
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when wearing either a laced firm thin-soled walking or athletic shoe as
opposed to walking barefoot or in high-heel shoes (Amadottir &
Mercer 2000, Koepsell et aI2004).

Interventions during gait should focus on reducing deviations,
improving gait efficiency and safety, and increasing endurance.
Interventions during gait include assessment for assistive devices
(a cane, crutches, a walker, orthoses), feedback for movement con
trol (manual, electrical stimulation, biofeedback, visual), practice of
dynamic balance, and progression from performing the standing
activities listed above within the parallel bars to performing them
outside the bars. Treatment progression may advance from even sur
faces to uneven surfaces, ramps and stairs. Forward gait training
may be progressed to side-stepping, turning, backward stepping,
reaching and carrying objects. Practice in stepping over obstacles
and climbing stairs is relevant to improving the functional
mobility of the client. Because attentional demands may affect the
gait of an older client, training for gait safety during challenging or
distracting situations may be appropriate (de Hoon et al 2003, Jaffe
et aI2004).

The prescription of an appropriate assistive device may help the
client to improve balance and mobility without loss of stability as well
as reducing lower limb loading (Bateni & Maki 2(05). Advantages and
disadvantages of various assistive devices for geriatric gait training are
included in Table 69.4.

Most gait training programs focus on achieving mobility with sta
bility prior to emphasizing increases in gait velocity. It is clinically
relevant that self-selected gait speed is related to maximum oxygen
consumption. With healthy aging, individuals have progressively
smaller aerobic reserves. Gait disorders, as well as the use of assis
tive devices, add to the energy demands of walking. For these rea
sons, it is highly recommended that therapists monitor the vital
signs of older adults during gait training. Endurance training has
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INTRODUCTION

An orthosis is a mechanical device applied to the body in order to
support a body segment, correct anatomical alignment, protect a
body part or assist motion to improve body function (Bunch 1985).
In accomplishing these objectives, orthotic devices assist in promot
ing ambulation, reducing pain, preventing deformity and allowing
greater activity. Orthotic devices are often indicated as a component
of the rehabilitation process for a variety of diseases and conditions
that affect the geriatric population. Successful orthotic intervention
when working with aging individuals demands a practical balance
between the objectives that are ideally desired and what the elderly
individual will reasonably tolerate.

Orthotic devices accomplish their objectives by applying forces to
the involved body segments. As a rule, the more aggressive the
orthotic intervention, the greater the force generated (Edelstein
1995). In general, elderly individuals are less tolerant of the resultant
discomfort of aggressive orthotic intervention, and their skin and
subcutaneous tissue are less tolerant of the external forces generated.
This frequently results in the need to compromise between an ideal
and an acceptable orthotic outcome and to choose more 'forgiving'
orthoses in terms of comfort and tolerance, that is less rigid orthotic
devices. This discussion focuses on the lower extremity and spinal
orthotic interventions, which are commonly associated with the geri
atricpopulation.

LOWER EXTREMITY ORTHOTIC SYSTEMS
' •.·':~~:'"W\:"':?"';. ..~~r..~q.,"'~.lI·.·~I~~""""""~~.

Shoes
Proper distribution of forces in order to maintain the integrity of the
skin of the foot is of primary importance. The shoe should fit properly,

and the volume of the shoe should appropriately accommodate the
foot and any additions such as a foot orthotic or plastic ankle-foot
orthosis (AFO). Generally, a sneaker with a removable inlay or an
extra-depth shoe with a removable inlay is recommended. The inlay
can be removed to accommodate fluctuating edema or the addition of
an orthosis. In unilateral involvement, the inlay can remain in the shoe
on the uninvolved side, maintaining the fit on that side and balancing
the patient in terms of height. It is recommended that the shoe should
have a soft upper (the portion of the shoe covering the dorsum of the
foot) to reduce pressure in the presence of minor foot deformities such
as bunions or hammer toes. Severe foot deformities may require a cus
tom shoe made from a cast of the individual's foot.

Foot orthotics
In general, flexible accommodative orthotics for the purpose of dis
tributing forces to protect the skin and promote comfort are indicated.
The bones of the foot of the geriatric patient are often functionally
adapted, and the joints may be restricted in terms of range of motion
(ROM). Thus, attempting biomechanical correction may be inappro
priate, and may thereby contraindicate the use of rigid orthotic
devices and necessitate careful consideration of the application of
even semirigid devices.

Ankle-foot orthotics (AFO)
AFOs are frequently utilized with the elderly to improve ambulation
status and gait quality. AFOs are capable of controlling the foot and
ankle directly and the knee indirectly. For example, by positioning the
ankle in dorsiflexion, a knee flexion moment can be produced to con
trol genu recurvatum. Also,positioning the ankle in plantar flexion can
produce a knee extension movement to assist in stabilizing the knee.
Neuromuscular conditions, such as hemiparesis, resulting from a cere
bral vascular accident as well as musculoskeletal pathologies such as
arthritis commonly result in foot and ankle dysfunctions in the geri
atric population that can be managed in part with AFOs.

A common challenge is deciding whether to use a plastic or a metal
AFO system. The metal AFO has little skin contact except for the calf
band and shoe, which are the reaction points of the orthosis. This
quality is a distinct advantage of the metal system for patients with
fluctuating edema or poor skin integrity. In comparison, the total
contact nature of the plastic AFO results in a greater ability to control
the foot and ankle. Additionally, the plastic AFO is lighter in weight,

465



466 SPECIAL PHYSICAL THERAPEUTIC INTERVENTION TECHNIQUES

more cosmetically acceptable, and has the practical advantage of
easy interchange among shoes. Plastic AFOs would appear to be the
orthosis of choice for geriatric patients whenever possible. One strat
l'gy to determine whether a metal AFO system is indicated for a par
ticular patient is to consider the sensory status and volume stability
(i.c. the presence or absence of fluctuating edema) of the patient and
the reliability of the patient or support person to monitor the skin
integrity of the involved lower extremity. Negative findings in two
of these categories would indicate consideration of a metal AFO
instead of a plastic orthosis.

A soft AFO such as a neoprene ankle sleeve may be appropriate for
controlling minor discomfort from arthritis or to encourage ankle sta
bility when a more rigid system cannot be tolerated. Such orthoses
accomplish their goals remarkably well in some cases by retaining heat
and providing proprioceptive and kinesthetic sensory input.

Knee-ankle-foot orthoses (KAFOs)
Although AFOs are tolerated well by the geriatric population, the
addition of a knee joint and a thigh cuff to form a KAFO system
results in a much less acceptable orthotic intervention. A KAFO has the
advantage of controlling the knee as well as the foot and ankle
directly, and indirectly influences the hip joint. A KAFO is the ortho
sis of choice in the presence of severe genu recurvatum, or knee
buckling, which cannot be managed with an AFO.

Historically, a knee that buckled during weight-bearing required
the use of a locking-type knee joint. This satisfied the need to stabilize
the knee during the stance phase of gait. However, it prevented knee
flexion at swing phase, resulting in a less than desirable gait pattern
that was energy consuming. As an alternative, stance control knee
joints are now available. These joints lock the knee during the stance
phase of gait but allow knee flexion during the swing phase. Some
offer a limited degree of resisted knee flexion before locking, which
helps to normalize the gait pattern at initial stance.

Additionally, significant coronal plane instabilities at the knee (genu
varum or valgum) are effectively managed by a KAFO. Less severe
knee problems may be managed using a knee orthosis (KO), but the
shortened lever arm (the shorter length of the orthosis) results in greater
skin pressures, and the softer nature of the elderly patient's lower
extremity (LE) musculature can create suspension problems as the KO
tends to slide distally during use. One advantage of the KAFO is that
the footplate serves to maintain the orthosis in its proper position.

Hip-knee-ankle-foot orthoses (HKAFOs)
The addition of a hip joint and pelvic band to a KAFO results in an
orthosis that is difficult to don and doff, less comfortable than
shorter ones, and more cumbersome to wear. For the geriatric popu
lation, the hip joint and pelvic band are most commonly added when
rotation control of the LE is required.

Hip orthoses
A hip orthosis is commonly used with the elderly to limit the extent
of hip joint adduction and flexion following the dislocation of a
hip arthroplasty (hip rotation is controlled to a lesser degree).
l'remanufactured systems are available that allow the limits of hip ROM
to be adjusted as required to protect the hip adequately and simultane
ously allow the patient to perform the activities of daily living.

Knee orthoses
A postoperative knee orthosis is commonly used after a knee arthro
plasty. The knee orthosis is usually designed to allow ROM adjustment

in graduating increments, as desired. A soft knee orthosis is commonly
used to address arthritis-related pain and promote knee stability
through a greater kinesthetic awareness. A knee orthosis with wrap
around closure design is recommended for the elderly patient to facili
tate donning and doffing. Some orthopedists order knee immobilizers
postoperatively for their patients who have had total hip replacements.
The rationale is that by preventing knee flexion, the operative hip flex
ion will be reduced, thereby mitigating the risk of dislocation. This
technique should be considered for individual patients only in the
early postoperative period as it does impede mobility and may cause
knee stiffness and hip pain because of the long lever arm.

Fracture orthoses
Fracture orthoses are utilized with the geriatric population when sur
gical repair is contraindicated, or to reduce the amount of time the
joints surrounding a fracture have to be immobilized in a cast. This
reduces the potential negative effects of immobilization such as con
tractures and phlebitis. Additionally, LE fracture orthoses may reduce
the period of recumbency, thereby minimizing the risk of potentially
life-threatening complications such as pneumonia. Fracture orthoses
are tightened circumferentially around the involved area and, using
the hydraulic effect of soft tissues (the noncompressibility of fluids)
and gravity, they transmit forces that realign and support the fracture
site while allowing motion in the surrounding joints (Bunch et al
1985). Fracture orthoses must be worn snugly; they are commonly
used for the management of nondisplaced or minimally displaced
fractures, especially those of the humerus, tibia, radius and ulna.

SPINAL ORTHOTIC SYSTEMS

Spinal orthotic intervention is particularly challenging when dealing
with the elderly population. Older patients commonly present with
a variety of pathologies involving the spine and soft tissues of the
trunk that could well be treated by the application of a spinal ortho
sis. Tolerance to wearing such a device, however, is limited, particu
larly in the cases of the more rigid systems and those that cover an
extensive body area.

Spinal orthoses accomplish their objectives through one or more
of the following biomechanical principles:

1. three-point pressure control;
2. indirect transfer of load by increasing intra-abdominal pressure;
3. correction of spinal alignment;
4. sensory feedback (kinesthetic reminder) (Edelstein 1995).

Three-point pressure control (the design of the orthosis) determines
which spinal motions are limited. The magnitude of control (the degree
of limitation) is directly related to the rigidity of the orthosis and the
degree of tightness with which it is worn. A rigid orthosis is capable of
applying greater forces to the body to restrict motion than is a more
flexible system. However, the geriatric patient is less tolerant of the
resulting discomfort and potential breathing restriction, and the skin of
the older patient is less capable of withstanding the forces generated
without its integrity being compromised. The decision to use a rigid
rather than a more flexible system should therefore be based on the
degree to which spinal motion restriction is required. For example, a
geriatric patient with an unstable fracture of the spine requires a rigid
orthotic system to restrict motion in the involved spinal segment,
whereas management of a stable compression fracture offers greater
latitude to use a more flexible and lightweight device without compro
mising the patient's safety. It should be noted that a more rigid device



is often preferred in terms of protecting the involved spinal segment,
but the decision to use a more flexible system is based on the practical
issue of orthotic tolerance and thus compliance with wearing the ortho
sis. The ideal orthosis serves no purpose at all if it is not worn and, par
ticularly with the geriatric population, it is sometimes necessary to
make practical decisions that involve relinquishing orthotic control to
gain patient acceptance.

Soft and rigid spinal systems applied to the trunk typically incor
porate a means of applying abdominal pressure, thereby increasing
intra-abdominal pressure, which has been shown to reduce the load
on the vertebrae and intervertebral disks. Some literature (Kulkarni &
110 2005) suggests that this may be the primary effect of the corsets
and soft binders that are frequently used in geriatric applications.

The principle of correcting spinal alignment is seldom applied to
the geriatric population because of restriction of spinal flexibility
and poor tolerance of the required forces.

Flexible spinal orthoses serve to limit motion by acting as kines
thetic reminders to volitionally restrict movement as opposed to
exerting three-point pressure control. Motion restriction accom
plished through a flexible orthosis would obviously be better toler
ated by the elderly.

Cervical orthoses (Cas)
Among cervical orthoses (Cas), soft cervical collars are well tolerated
and provide reasonable control of cervical flexion and extension. The
Philadelphia collar offers greater control than the soft cervical collar
and is also reasonably well tolerated.

Cervical-thoracic orthoses (CTOs)
When more definitive control of the cervical spine and upper tho
racic region is required, a cervical orthosis with a thoracic extension
is indicated. Rigid four-poster and sternal-occipital-mandibular
immobilizer (SOMI) systems are difficult for the elderly to tolerate.
The Minerva CTO tends to be better tolerated without sacrificing
spinal control.

Thoracolumbosacral orthoses (TLSOs)
TLSOs are utilized to address spinal pathologies from approximately
the T6 to the L3-4 region. An overshoulder overlap may allow control
of the T4-5Ievels, and a cervical extension addition to the TLSO is rec
ommended for more definitive control above the T6level. TLSOsmost
effectively control the T12-Ll region and offer diminishing control of
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spinal segments further away from this region. Rigid immobilization
is typically accomplished using a 'body jacket' made of plastic with a
soft foam interface (lining). Soft, high-density body jackets can incor
porate high-density outer foam instead of plastic. Plastic stays (per
manent or removable) or a plastic frame can be incorporated into the
foam for additional restriction of motion if desired. These systems,
when custom fabricated, offer excellent alternatives to the rigid body
jacket. They tend to be much better tolerated by the elderly patient
and offer moderately effective restriction of spinal motion (Lusardi &
Nielsen 2000).

The TLSO corset (semiflexible) is often used for patients whose
acceptance of a more rigid spinal orthosis is questionable or for
patients who require minimal restriction of spinal motion. Compres
sion fractures are very common in the geriatric population, and fre
quently an attempt is made to manage them with a corset. Rigid
systems such as the Taylor and Knight-Taylor are less frequently
used for the elderly because they are difficult to tolerate.

Lumbosacral orthoses (LSOs)
Utilized to address spinal pathologies from approximately Ll to L4-5,
the LSO most effectively controls the L3-4 spinal level. As with the
TLSO, a rigid system is used in the presence of spinal instability,
whereas more flexible systems are preferred and better tolerated by the
geriatric population, and should be used whenever possible. Corsets
an' commonly used to manage soft-tissue injuries that result in back
pain. The custom-made, soft, high-density LSO is an excellent alterna
tive to the rigid body jacket or corset, offering a balance between com
fort and control. It should be noted that successful orthotic outcomes
with the soft, high-density system appear to be more readily accom
plished in patients with average to thin body types. Again, rigid LSO
systems such as the Chairback and Knight are poorly tolerated by geri
atric patients.

CONCLUSION

The use of orthotics to support a body segment, correct anatomical
alignment, protect a body area or assist body movement is an impor
tant therapeutic consideration in geriatric rehabilitation. It is crucial
to involve the patient in the choice of orthotic design whenever pos
sible in order to attain a balance between objective ideals and patient
adherence. Attention must be given to possible harmful effects of the
orthotic device on the skin and the subcutaneous connective tissues
of older people.
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emedicine.comlpmrI topic173.htrn. Accessed February 20 2006

Lusardi M & Nielsen CC 2000Orthotics and Prosthetics in
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(Sanders 1986) and an increase in the symptoms of angina, conges
tive heart failure (CHF) and arrhythmias.

Cognitive status
---_.._--" ------

Determine the patient's ability to understand and remember instruc
tions. Provide instructions in writing that clearly state the wearing
schedule of the shrinker, socks and prosthesis. Review the instruc
tions with the patient frequently. Direct the patient to maintain a
written diary of sock-ply use and color code the various sock plies to
assist the patient in maintaining proper socket fit.

The elderly make up the largest group of patients requiring lower
extremity (LE)amputations; peripheral vascular disease (PVD) and
complications of diabetes are the leading causes (in May 2002).
Progress in the fields of rehabilitation and prosthetics has resulted in
a large number of geriatric amputees being successfully fitted with
prostheses and subsequently requiring rehabilitation.

EVALUATING THE PATIENT

The physical therapy program starts with a comprehensive evalua
tion of the patient. This is particularly important with the elderly
amputee who commonly presents with a number of comorbid condi
tions that can affect his or her functional outcome. A format for the
evaluation of the LEamputee is provided in Form 71.1.The following
elements represent important considerations in the evaluation and
treatment of the geriatric amputee.

Age
Consider overall wellness and conditioning, functional abilities, and
motivation as being more important than chronological age.

Secondary diagnosis
Investigate the presence of comorbid conditions. Elderly vascular
amputees can demonstrate multiple secondary conditions in addi
tion to the amputation. The presence of cardiac disease is common,
as the same factors that increase the incident of PVD in diabetics also
increase the incidence of atherosclerotic coronary artery disease.
This leads to an increased death rate (there is an estimated 25-50% 3
year survival for a person with diabetes, with a major amputation)

Wheelchair
Recommend the availability of a lightweight, easily transportable
wheelchair for long-distance transportation, limited ambulation
endurance, discontinued prosthetic use (because of skin breakdown)
and prosthetic breakdown. Bilateral LEgeriatric amputees commonly
depend on wheelchairs or powered mobility as an option to walking
with prostheses, particularly for long distances.

Transfers and mobility
Train patients to change position slowly to avoid episodes of syn
cope that could result in loss of balance. Reduced proprioceptive
feedback through the prosthetic extremity, and the predisposition of
the elderly for postural hypotension, increase the risk of balance loss
when changing position.

Ambulation
Prioritize the maintenance of skin integrity, the prevention of falls
and the control of energy expenditure. Assess the patient's ability to
ambulate with an assistive device without a prosthesis.

Skin integrity
The loss of elements of the connective tissue, the thinning of the der
mis, and alterations in the content of elastin and collagen represent
characteristic skin changes that occur with aging and predispose the
amputee to skin breakdown during prosthetic use (see Chapter 52,
Skin Disorders). Particularly with the transtibial (below-knee)
amputee, use a conservative, methodical progression of weight
bearing and ambulation distance and continue to monitor the skin of
the residual limb (in the past, it was referred to as the stump) on a
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----------------------------------------------,
Form 71.1 Sample lowerextremityamputee evaluation form

Datetherapy initiated _
Name Age Room' _

Diagnosis (date/cause of amputation) _

Secondary diagnosis _

Precautions _

Past medical history _

Social history _

Orientation andability to follow directions _

Functional level
1. Wheelchair _

2. Transfers _

3. Bed mobility _

4. Sitting balance _

5. Standing balance _

6. Ambulation - level surface without prosthesis _

- level surface with prosthesis _

- elevations without prosthesis _

- gait deviations _

7. Floor transfer _

8. Donning/doffing prosthesis _

9. Residual limbwrapping _

10. Endurance _

Residual limb length:below knee - left or right

a. cm from MTP to end of bone

b. cm from MTP to end of flesh

Residual limb length:above knee - left or right

a. cm from perineum to end of bone

b. cm from perineum to end of flesh

Girth measurements: reference point

Date

Proximal

Distal

(R) - ROM - (L) (R) - Muscle strength - (L)

Hip flexion

Hip extension

Hip abduction

Hip external rot

Hip internal rot

Knee flexion

Knee extension

Ankle PfF

Ankle DfF

Knee A-Pstability (L) (R)

Knee M-L stability (L) (R) (Continued)
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Residual limbcondition:
Shape _

Scar _

Skin _

Bones _

Musculature _

Sensation _

Pulses _

Phantom sensation/pain _

Description of prosthetic appliance: _

Condition of remaining LE:

Skin condition _

Pulses _

Sensation _

Ulcerations _

Upper extremities:

ROM (L) WNL except for _

(R) WNL except for _

Strength: (L) WNL except for _

(R) WNL except for _

Back _

Abdominals _

Additional comments: _

Goals:

Date

frequent basis. Consider shear force-absorbing socket interfaces and
prosthetic components to reduce forceson the residual limb.

Fall prevention
Conservative advancement of assistive devices is recommended, pri
oritizing safety over progression. In the author's experience, the
transfemoral (above-knee) geriatric amputee is less prone to skin
breakdown than the transtibial amputee, but the transfemoral
amputee is at greater risk of falls.

Energy expenditure
The geriatric amputee should not be encouraged to walk at a 'nor
mal' walking speed. Allowing the patient to self-select ambulation
velocity results in a more normal rate of metabolic energy expendi
ture, decreasing perceived exertion and potential cardiac difficulties.
Aslower self-selected walking velocity should be expected at higher
amputation levels (Bowker & Michael 1992).

Prosthetic donning and doffing
Difficultyin donning and doffing the prosthesis may result from lim
itations in manual dexterity as well as visual dysfunction. Self
suspending systems, Velcro closures vs. buckles, and oversized
extensions on belts and socket inserts should be considered.

Treatment plan:

Therapist

Range of motion (ROM)
Adequate ROM is required for successful prosthetic outcome. Degen
erative joint disease predisposes elderly amputees to contractures.
Common areas of LE contractures include:

• the partial foot level: plantar flexors (due primarily to muscle
imbalance);

• the transtibiallevel: knee flexors and hip flexors; and
• the transfemoral level: hip flexors, hip abductors, hip external

rotators.

Strength and endurance
Deconditioning is common with aging and may limit the ability to
participate in the rehabilitation program. Initiate a strengthening
and endurance program as soon after surgery as possible.

Volume containment
Controlling the volume of the residual limb is an important aspect of
preparing it for definitive prosthetic fitting, reducing pain in the limb
that is related to edema and facilitating healing after the amputation
surgery.Comorbid conditions such as renal failure and dialysis or CHF
predispose the geriatric amputee to significant girth fluctuations.
Shrinker socks are recommended instead of Ace wraps because of the
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relative ease of donning and the greater consistency of fit (they require
less frequent reapplication and adjustment). A rigid dressing should be
considered when protection of the residual limb is a priority. Regular
girth measurements of the residual limb are recommended to monitor
the effectiveness of the volume containment program.

Sensation
Sensory examination is important for accurate prediction of the
amputee's ability to detect abnormal forces during prosthetic use and
to detect soft-tissue trauma in the remaining limb. Vascular insuffi
ciency, and particularly diabetes, may result in polyneuropathy
involving the sensory nerve fibers, predisposing the elderly amputee
to skin problems.

Condition of the remaining lower extremity
--'-----

It is essential to examine the remaining LE for evidence of vascular
insufficiency or sensory deficits that could lead to further amputa
tion. Unilateral amputees with diabetes have more than a 40% risk
over 4 years of having an amputation of the remaining LE (Sanders
1986). Polyneuropathy associated with diabetes may involve sensory,
motor and autonomic nerve fibers. Motor deficits may cause atrophy
of the foot intrinsics and muscle imbalances in the foot, resulting in
foot deformity and skin injury caused by fitting problems with
shoes. Sensory deficits result in the lack of an appropriate avoidance

response to abnormal forces. Autonomic involvement may result in
dry skin, which creates greater susceptibility to breakdown and
infection. The importance of this evaluation cannot be overempha
sized, as a peripheral neuropathy has been identified as the primary
underlying cause of amputation in the elderly with diabetes. Patient
education that emphasizes proper footwear and skin management is
an essential component of the amputation prevention program.

PROSTHETIC PRESCRIPTION

Advances in the technology of prosthetic components have improved
the possibility of successfully fitting the geriatric amputee with a
prosthesis. Innovations in socket designs, lightweight components,
improved suspensions and stable knee design options all contribute
to improved prosthetic tolerance and better functional outcomes for
elderly amputees. The application of advanced prosthetic compo
nents also results in increased expense, so judgments must be made
about the relative costs and benefits of these components to each
patient. The Lower Limb Prosthetics Medical Review Policy (LLPMRP)
developed by Medicare structures financial sponsorship of the various
prosthetic ankle, foot and knee components based on the patient's
anticipated functional outcome (Box 71.1). The LLPMRP should be
considered by the prosthetics team in the process of prescribing
prostheses for the many geriatric amputees with Medicare coveragl.'.

Box 71.1 Medicare's Lower Limb Prosthetics Medical Review Policy (LLPMRP)I

A determination of the medical necessity for certain components/additions to the prosthesis is based on the patient's potential
functional abilities. Potential functional ability isbased onthe reasonable expectations of the prosthetist and ordering physician,
considering factors including, but not limited to:

a. the patient's past history (including priorprosthetic use, if applicable)
b. the patient's current condition, including the status of the residual limb and the nature of other medical problems, and
c. the patient's desire to ambulate

Clinical assessments of patient rehabilitation potential should bebased on the following classification levels:

Level 0: Does not have the ability or potential to ambulate or transfer safely with or without assistance and a prosthesis does
not enhance the patient's qualityof life or mobility

Levell: Has the ability or potential to use a prosthesis for transfers or ambulation on level surfaces at fixed cadence. Typical of
the limitedand unlimited household ambulator

Level 2: Has the ability or potential for ambulation with the ability to traverse low-level environmental barriers such as curbs,
stairs or uneven surfaces. Typical of the limited community ambulator

Level 3: Has theability or potential for ambulation with variable cadence. Typical of the community ambulator whohas theabil
ity to traverse most environmental barriers and may have vocational, therapeutic, or exercise activity that demands
prosthetic utilization beyond simple locomotion

Level 4: Has theabilityor potential for prosthetic ambulation that exceeds basic ambulation skills, exhibiting high-impact stress
or energy levels. Typical of the prosthetic demands of the child, active adult or athlete

In the following sections, the determination of coverage for selected prostheses and components with respect to potential
functional levels represents the usual case. Exceptions will beconsidered in an individual case if additional documentation is
included that justifiesthe medical necessity. Prostheses will bedenied as not medically necessary if the patient's potential
functional level is '0'

(continued)
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Feet

A determination of the type of foot for the prosthesis will be made bythe prescribing physician and/or the prosthetist based
upon the functional needs of the patient. Basic lowerextremity prostheses include a SACH foot. Prosthetic feet are considered
for coverage based upon the functional classification:

External keel, SACH foot, or single-axis ankle/foot are covered for patients with a functional level 1 or above
Flexible keel foot and multiaxial ankle/foot candidates are expected to demonstrate a functional level 2 or greater functional need.
Flex-foot system, energy-storing foot, multiaxial ankle/foot dynamic response, or flex-walksystem or equal are covered for
patients with a functional level 3 or above

Knees

Basic lower extremity prostheses include a single-axis, constant-friction knee. Prosthetic knees areconsidered for coverage
based upon functional classification:

Fluid and pneumatic knees are covered for patients with a functional level 3 or above
Other knee-shin systems are covered for patients with a functional level 1 or above

Ankles

Axial rotation unitsare covered for patients with a functional level 2 or above

Sockets

No more than two of the same socket inserts are allowed per individual prosthesis at the same time.

Socket replacements are considered medically necessary if there is adequate documentation of functional and/or
physiological need. There are situations where the explanation includes but is not limited to: changes in the residual limb;
functional need changes; or irreparable damage or wear/tear due to excessive patientweight or prosthetic demands of very
active amputees

'From US Department of Health and Human Services.

Preparatory vs. definitive prosthesis
A preparatory prosthesis is strongly recommended over a definitive
prosthesis as the first prosthetic device for a geriatric amputee. The
preparatory prosthesis includes basic components that are easily
adjusted but is not finished cosmetically. The preparatory prosthesis
allows earlier prosthetic fitting by avoiding the need to wait until
shrinkage of the residual limb is complete (Edelstein 1992).This may
help to prevent secondary complications resulting from immobility
that are potentially life-threatening to the elderly patient. The defin
itive prosthesis is the finished product, with all the appropriate com
ponents and cosmetic touches. The definitive prosthesis is fitted
when the residual limb size stabilizes.

Endoskeletal vs. exoskeletal design
The exoskeleton design has a hard, laminated plastic shell that pro
vides the weight-bearing support. In contrast, the endoskeletal
design consists of a tubular structure that constitutes the internal
support to which the foot, ankle and knee assemblies are attached.
The endoskeleton is covered with a pliable surface that is shaped
and colored to match the opposite limb.

Endoskeletal prosthetic design is usually recommended for geri
atric amputees because of the ease with which adjustments can be

made and components interchanged, the reduced weight and the
cosmetic benefits in transfemoral applications. Weight restrictions
have been identified by the manufacturers of some endoskeletal
components (Bowker & Michael 1992).

Prosthetic sockets
At the level of the transtibial amputation, the patellar tendon-bearing
(PTB) socket with a soft insert is commonly utilized. A patient with
fragile skin or sensitivity in the residual limb may benefit from soft
insert materials such as silicone that are designed to dissipate shock
and shear forces. A flexible inner socket supported in a rigid outer
frame may result in greater comfort for the elderly amputee by pro
viding relief to pressure-sensitive structures. The flexible inner
socket also facilitates necessary socket adjustments (American
Academy of Orthotists and Prosthetists 2004).

After a transfemoral amputation, a geriatric patient can be success
fully fitted with either a quadrilateral or an ischial containment
socket. A patient with a short residual limb, poor residual limb mus
cle tone, obesity, or a high activity level would be expected to achieve
the greatest benefit from the ischial containment socket design
(Patrick 1995). The elderly amputee may experience more comfort
when sitting if he or she has chosen a flexible socket design that is
capable of accommodating its shape to the supporting surface.
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Prosthetic suspensions
The followingprosthetic suspensions are recommended for transtibial
level amputation:

• supracondylar cuff with Velcro closure on strap;
• supracondylar wedge self-suspension with tab extensions attached

to medial and lateral insert wings;
• sleeve suspension (determine if the patient has the hand dexterity

to manage the sleeve);
• silicone suction suspension (consider the patient's ability to man

age the sleeve and the patient's skin's tolerance to silicone);
* joint and corset (which may be necessary because of hypersensitiv

ity, skin problems, or knee joint pathology that prohibits full
weight-bearing through the residual limb).

For transfernoral-level amputation, the following prosthetic sus
pensions are suggested:

.. Neoprene belt with Velcro closure;
• hip joint and pelvic band with Velcroclosure (indicated when hip

stability or rotational control is required);
silicone suction.

Prosthetic feet
The weight of the foot and function of the foot's keel in relation to the
patient's activity level are the two primary considerations for the
geriatric amputee (Patrick 1993). The keel provides the inner rigidity
of structure to control the function of the prosthetic foot.

SACH teet

The solid ankle, cushion heel (SACH) feet are low cost and depend
able. Geriatric lightweight versions are available. The rigid keel can
interfere with the ability of the amputee to roll over the forefoot dur
ing the terminal stance phase.

Single-oxis feet

These feet more readily plantar flex from heel strike to foot flat dur
ing the early loading phase of gait. Single-axis feet are recommended
for the geriatric transfemoral amputee using an unlocked knee when
greater knee stability during the early stance phase of gait is desired.

Multiple-axis feet

Accommodating to uneven surfaces, multiple-axis feet are recom
mended for geriatric patients with sensitive skin, who may benefit
from the reduction in shear forces transmitted to the prosthetic
socket-skin interface.Typically, this is a heavier prosthetic foot.

Elastic keel feet

The flexible nature of the elastic keel foot facilitates ambulation by
allowing easier rollover at the terminal stance phase of gait.
Lightweight designs are available. This prosthesis is appropriate for
the moderately active individual.

Dynamic response feet

Typically more expensive, dynamic response feet are appropriate for
an individual with a high activity level. They incorporate foot keels

that bend in response to the patient's weight during rollover, then
'spring back', providing propulsion during the push-off phase of gait.

Prosthetic knees
Insuring knee stability during stance is the highest priority for the
geriatric transfemoral-Ievel amputee. Lightweight versions of the
various designs of prosthetic knees are available and are recom
mended for consideration for the elderly amputee (Patrick 1993).

Manual-locking knees

Maximum knee stability during gait is important, and manual
locking knees provide it, but the resulting gait is the least cosmetic
because the knee remains in extension during the swing phase.
Manual-locking knees are appropriate when it is necessary to prevent
knee buckling during weight-bearing.

Weight-activated friction knees (safety knees)

Frequently used with geriatric patients, weight-activated friction
knees provide inherent knee stability during the stance phase by
locking in response to the patient's weight-bearing, then unlocking,
allowing the knee to bend during the swing phase, which provides a
more natural gait appearance.

Polycentricknees

Inherent alignment stability is provided by polycentric knees, but
they are not commonly used by geriatric patients because of their
greater weight and complexity.

Hydraulic or pneumatic swing-phase controls

A very active individual might consider hydraulic or pneumatic
swing-phase controls.

The Otto BockC-Ieg

This is a prosthetic knee option that provides an electronically con
trolled swing and stance phase. It features swing-phase and stance
phase movements that are controlled by software algorithms in an
onboard microprocessor. This results in a knee with a large degree of
adjustability to different walking speeds and variations in terrains
(www.ottobockus.com).

CONCLUSION

Amputations occur with increasing incidence as age increases. The
conditions that most commonly necessitate amputation are peripheral
vascular disease and complications of diabetes. Because of the high
frequency of comorbid conditions in the elderly patient, comprehen
sive examination and evaluation are requisite. A preparatory prosthe
sis is strongly recommended for the geriatric patient because it allows
early fitting and thus discourages the secondary complications of
immobility. The various types of prosthetic components should be
studied, and then chosen to meet the individual patient's needs. The
patient's date of birth is less important when considering a prosthesis
than overall wellness, fitness, functional ability and motivation.
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INTRODUCTION

Alternative and complementary therapies, or holistic therapies, are
becoming more common in the healthcare of older individuals in the
United States. First, let us define the terms we often read with this
topic. 'Holistic' therapies are those therapies that emphasize the
mind and the body working together to bring about the desired
affect. For example, in T'ai Chi, patients are told to bring their atten
tion to a spot just below the umbilicus and drop their minds into
their bodies like sand in an hourglass, and then lead their movement
from that place. Mind and body working together, with the breath
coordinated in a specific way, is the mark of a 'holistic' therapy.

When the term 'alternative' is used, it often refers to a therapy
that is not known to be part of allopathic medicine, nor is it listed as
a therapeutic measure in traditional 'gold standards' of care. The
therapy is an alternative to standard care. An example would be when
a patient turns to acupuncture for pain relief rather than taking acet
aminophen (paracetamol). When the term 'complementary' is used,
it often refers to a therapy that, again, is not part of standard allo
pathic regimens, but is used 'in addition to' standard care rather
than replacing the care, so it 'complements' the care. This happens,
for example, when physical therapists utilize Barnes' method (bioen
ergetic) of myofascial release as a way of preparing a person's soft tis
sue for traditional exercise programs. 'Integrative' therapy is a term
used when traditional and holistic therapies are closely interwoven
in care, integrated to the point that nontraditional and traditional meth
ods flow together. As more holistic therapies become validated by
the traditional gold standard randomized controlled trial, they are
being integrated more smoothly into comprehensive care programs.
Many hospitals have begun including wellness and prevention pro
grams that integrate T'ai Chi, yoga, and Pilates as part of their out
patient clinics' group exercise programs.

Whether alternative, complementary or integrative is used, there
is another, more profound, definition of holistic therapies that has to
do with a theory about how they work. This author most commonly
uses the term 'complementary' therapies when referring to those
therapies that, granted, are not listed as standard for allopathic care,
that integrate the mind and the body together in their action, thus
are 'holistic', and, here is the difference - that have as their basic goal
to unblock body energy (chi) that is not flowing freely, for whatever
reason, and therefore the body/mind is hindered from healing itself,
or self-regulating. Fundamental to this viewpoint is the belief that
the body and mind cannot be separated, and that all the cells of the
body vibrate naturally for their own healing. This natural vibration
is facilitated by the flow of a vital energy, or chi, and this natural state
of healing flow can be interrupted by injury, toxins, imbalances, etc.,
which causes the body energy or chi to become blocked, to not flow
smoothly. When this happens, the body/mind becomes vulnerable to
bacterial and viral invasion, endocrine imbalance (diabetes, depres
sion), and loss of self-regulation that insures proper pH, body tem
perature, pituitary function, etc. With this in mind, the goal then
becomes to restore the flow of chi so the body can once again heal
itself, or self-regulate.

WHY COMPLEMENTARY THERAPIES LACK
UNIVERSAL ACCEPTANCE

Controversy over the use of holistic therapies relates to the resistance
of some to using any therapy that has not been proven efficacious by
traditional randomized controlled trial (Harris 2(01). However,
many alternative and complementary therapies arise from an eastern
philosophy in contrast to western Cartesian and Newtonian thought.
Traditional or mechanistic therapies, based on the physics of Isaac
Newton, aim to 'fix what is broken'. The reliability and validity of
traditional therapies is proven by randomized trials that can replicate
the efficacy of an approach when the same outcome is observed
within a variety of patients using the same process over and over.

As complementary therapies are those therapies that aim to
restore balance or homeostasis by removing blocks to the flow of bio
electric body energy, or chi, they do not lend themselves readily to
validation by research methods that count on replication of the exact
process. A subject's energy pattern and flow will change as it is
impacted by the energy of the examiner. Thus, for example, a thera
pist placing her hands under the cranium of a patient to feel the cran
iosacral rhythm will impact that rhythm with her own energy that is
emitted from her hands in the process. A second therapist attempt
ing to validate the flow of the craniosacral rhythm at the feet will
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also be observing the flow of the patient and his energy flow.To then
try to attempt inter-rater reliability between the two therapists with
the patient's energy as that which is constant becomes an impossi
bility, as was shown by Rogers et al (1998).

THE SCIENCE OF MECHANISTIC VS.
HOLISTIC THERAPIES

Traditional mechanistic science or reductionism has its roots in the
early seventeenth century. The philosopher Rene Descartes claimed
that the best way to elevate and organize the search for truth would
be to eliminate that which could not be observed with the five
senses. All that could not be seen was to be ignored, and only that
which could be measured and experienced was suitable in the scien
tific search for cause and effect. Later, Sir Isaac Newton developed
the theory of gravity, outlined mathematical rules of physics and
described the theories upon which contemporary science is based. It
is from this foundation that the randomized controlled trial has its
bast' as a way of insuring that the experimental variable is, indeed,
causing the outcome, and not chance, or 'placebo' (Davis 2004).

In the early 1900s, Einstein suggested another way of viewing
reality based on his understanding of the behavior of subatomic par
ticles. Subsequently, quantum physics and systems theory (from
biology) formed the basis for the theoretical foundation of holism, a
concept that attempts to describe the outcomes of alternative and
complementary therapies (Davis 2000).Holism as a concept is based
on current knowledge of molecules, atoms and electron behavior,
and states that it is no longer useful to regard humans solely as
machines that can be fully understood simply by reducing the whole
and analyzing the parts. The uniqueness and challenge of the human
organism lies in how it is organized and how the parts interact and
exchange information. Atoms and their electrons and other sub
atomic particles provide the basis of wave theory, bioelectromagnet
ism, energy and thus the flow of chi (Davis 2000,Oschman 2000).

Holism focuses on balance and integration of all the interacting
elements of the system. Information inherent in the organization of a
system gets lost in the separation of the parts (Schwartz & Russek
1<.1<.17). The whole is more than simply the sum of the parts. For exam
ple. no matter how thoroughly one studies hydrogen and oxygen,
om' cannot understand water from that study. When two hydrogen
atoms and one oxygen atom come together to form water, their elec
trons not only share orbits, but also they share information that
results in the formation of the new system, the new substance.
Information sharing is the key to electron flow.All systems 'work' by
way of electrons sharing information.

COMPLEMENTARY THERAPIES IN THE
CARE OF AGING PATIENTS

A variety of complementary therapies have been found to be useful
for all people, and particularly useful in caring for older people.
Cenerally, each of these therapies aims to increase the flow of healthy
bioelectric energy and, as a result, restore balance or homeostasis in
the mind/body and restore information flow that facilitates the
body's natural state of wholeness and healing (Davis 2000,2004).

The manual therapies
-----..:'-----------------

These include myofascial release (Barnes method), craniosacral ther
apy, Rosen method, rolfing, hellerwork, soma, neuromuscular ther
apy, osteopathic and chiropractic medicine. The manual therapies

involve the use of hands directly on the body/mind surface, thereby
stimulating bioelectromagnetic force. Research by Hunt (1989),
Zimmerman (1990), Seto et al (1992), and Rubik (1995) documents the
measure of energy flow from the body and suggests that both
mechanical and energy forces stimulate responses from the tissues.

Mind/body interventions
These include psychotherapies, support groups, meditation, and
imagery, hypnosis, dance and music therapy, art therapy, prayer, val
idation therapy, neurolinguistic psychology (Masin 2006), biofeed
back (Bottomley 2004a), yoga (Taylor 2004) and T'ai Chi (Bottomley
2004b). These mind/body interventions demonstrate how move
ment and verbal and nonverbal communication with the mind/body
seem to open up new pathways for thought and, therefore, unblock
energy flow or chi. A growing body of literature examines the effects
of T'ai Chi on the ability to prevent falls in elderly people and on
quality of life (Wolfet all997).

Movement awareness techniques
These include the Feldenkrais method (Stephens & Miller 2004), the
Alexander technique (Zuck 2004), and the Trager approach (Stone
1997). It is postulated that these movement awareness techniques
help people recognize the way they move habitually. By practicing
new ways of moving and identifying habitual postural holding pat
terns, energy trapped in tissue while maintaining habitual postures
is freed.

Traditional Chinese medicine
These methods include acupuncture (LaRiccia & Galantino 2004),
acupressure, polarity (Sharp 1997), reflexology (Sharp 1997), Touch
for Health (Sharp 1997), [in Shin Do (Mik 1997) and Qi Gong
(Bottomley 2004c).These approaches within the system of traditional
Chinese medicine focus on enhancing the flow of chi along body
pathways or meridians.

Bioelectromagnetics
Thermal applications of nonionizing radiation, such as radio
frequency hyperthermia lasers, low-energy laser (Reddy 2004),
radiofrequency surgery, radiofrequency diathermy and nonthermal
applications of nonionizing radiation, are used for bone repair and
wound healing. Biomicroelectromagnetics is the term applied to the
energy that seems to emanate from the hands of people who have
proven to be healers (Rubik 1995). Credible research exists on the
effects of electromagnetic energy for wound healing and bone repair
(Midura et al 2005).

Influence of the mind on the body
Mind/body medicine links traditional research methods with holistic
healthcare practices. The influence of the mind on the body was first
introduced by Herbert Benson's research on Tibetan monks who
could control their autonomic nervous system. These monks could
lower their body temperature and respiration rates, and enter a wake
ful hypometabolic physiological state at will (Wallace et al 1971).
Ader & Cohen (1991) coined the term psychoneuroimmunology, wherein
the mind affects the immune system via the autonomic nervous
system and the 'fluid' nervous system, another name given to the
neurotransmitters and neuropeptides. Pert (2002) articulated the



physiological functioning of the fluid nervous system, which mani
fests through the effects of thought on neurotransmitters, neuropep
tides and steroids in the body.This biochemistry differs from the flow
of chi, but both concepts reinforce the theory that the mind and the
body are inseparable, and that the mind communicates with every
cell in the body.

Complementary therapies are energy-based therapies that require
belief in the phenomenon of vital flow of energy in the body. Wecan
observe energy at work in the body in many ways: electrocardio
grams, electroencephalograms and electromyograms all measure the
energy output from various organs. The piezoelectric effect enables
osteoblastic activity that keeps our bones structurally intact.
Biomicroelectropotentials, or the exchange of subtle energies in elec
tromagnetic fields that emanate from the hands of healers, are being
researched (Seto et a11992,Rubik 1995).

Traditional therapies applied from a holistic
approach

---

In working with older people, massage, exercise and relaxation can
be approached by practitioners in a conventional way, where the
intention is a mechanical effect on a part (e.g. pushing fluid out of an
edematous extremity), or it can be approached in a holistic way,
where the intention is to influence the flow of vital energy and bring
about homeostasis (e.g. manual lymph drainage that 'energetically'
opens up lymph passages in the opposite side of the body from the
edematous extremity so it can receive the fluid that is pushed out)
(Funk 2004).

Researchers confirm the importance of hope and faith in one's
physician and practitioners. How this facilitates healing still remains
unclear, but to ignore the positive effect of therapeutic presence is to
neglect a powerful intervention (Greer 1999).How practitioners are
with their patients, not just what they do, is important. The exchange
of energy with the intention to serve and facilitate healing is critical.

MyofasciaI release - Barnes method
This bioenergetic technique developed by Barnes (1990) is an effective
manual therapy for older patients with diminished hydration of tissue,
myofascial shortening and cross-linked collagen restrictions in their
bodies. Other therapeutic approaches that use the term 'myofascial
release' refer to a mechanistic impact on tissue by way of stretching and
mechanicallypressing on trigger points to try to influence the circula
tion to the area and the length of tissue mechanically, rather than ener
getically. In contrast, with Barnes' method of myofascial release, the
practitioner places his or her hands directly on the skin of the patient,
and with slight pressure, separates the hands, eliminating the flexibil
ity of the skin between the hands so that the tissue is taught, and then
gently waits with this traction until the tissue responds energetically
under the surface of the practitioner's hand. Within 90-120 seconds,
the tissue begins to move in a flowing manner. The practitioner follows
the flow of the tissue with his or her hands in order to increase the
length of the tissue as the myofascia 'softens' underneath the hands.
The cause of this softening of tissue, experienced by practitioners and
patients alike, is unknown. It is believed to be the effectof mechanical
stress in gravity along with the therapist's energy - the piezoelectric
effect- on the polyglycoid layer of the collagen of the myofascia,which
increasestissue length and results in a release of trapped energy. It has
been hypothesized that mechanical force may be transformed into a
chemicalresponse within the collagenof the myofascia,causing a flow
of the polyglycoid layer of the collagen by way of the piezoelectric
effect. The result is that the tissue under the therapist's hands seems to
be 'melting' as it releases.Recent researchby Wanget al (2005) revealed
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that human cellssend biochemical messages to each other as a result of
tiny mechanical jabs. Actin filaments and microtubules in the fascia
function as conduits for the spread of biochemical signals.

The patient then has more freedom to move, gains better posture
and a relief of the pain caused by myofascial restriction (Barnes
1990). Fascial restrictions released in this way over time result in
improved balance and strength and help to eliminate pain and poor
posture. Multiple outcome case studies on myofascial release demon
strate improvements in the quality of life of older people and the
prevention of chronic musculoskeletal problems (Barnes 1990).

It is believed that complementary therapies have an effect on
patients by way of the energy that emanates from the healer's hands
(Hunt 1989,Zimmerman 1990, Seto et aI1992). As we move into the
next century, many researchers and practitioners in healthcare are
seriously exploring new ways of viewing reality. What we know
about quantum physics and systems theory, the inadequacies of con
ventional medicine in overcoming chronic illness and autoimmune
disease, and the growing tendency of patients and clients to seek out
complementary therapies, positions healthcare practitioners and
medical researchers on the verge of a revolution in the linear and
materialistic view of reality.

BENEFITS OF COMPLEMENTARY THERAPIES
WITH OLDER PATIENTS

Alternative and complementary therapies are increasingly being
used by older patients and physical therapists treating older patients
because of their proven success in relieving pain and improving
quality of life. As more research is done, we will be able to explain
better how this takes place.

Most of our elderly patients have many chronic problems.
Treating one problem with traditional healthcare may negatively
impact other comorbid conditions. Traditional healthcare empha
sizes the use of medications which often interact with one another.
Complementary therapies aim to impact the whole of the patient to
restore the flow of natural body energy, or chi.

Most older patients are dehydrated and experience postural prob
lems that exacerbate pain and pathology. Complementary therapies,
along with proper hydration and exercise, can restore balance and
improve posture. T'ai chi has been shown to help reduce the tendency
to fall, common in older patients (Wolfet al 1997, Bottomley 2004b).
Holistic therapies stress empathic communication between therapist
and patient, and involve the patient in goal setting and problem solv
ing. Older patients appreciate being treated in humanistic and caring
ways that are emphasized in holistic therapies. Finally, many of the
complementary therapies are pleasurable. Older people enjoy the
socialization of T ai chi and yoga classes, for example.

CONCLUSION

Complementary, alternative, integrative therapies are holistic
approaches to healthcare, many of which have been used success
fully for centuries around the world in other cultures. Agrowing body
of research evidence suggests that holistic therapies have much to
offer for older patients in rehabilitation, and as approaches that help
to prevent the usual changes with aging and promote wellness. As
more healthcare professionals use and research these therapies, two
major advantages will emerge: patients will be better served for their
chronic problems that are not well treated allopathically, and we will
come to better understand the quantum physics at work in human
biophysiological functioning.
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INTRODUCTION

Aquatic physical therapy may be one of the most dynamic modali
ties used in the treatment of the older adult. For many reasons, it is
underutilized in today's healthcare settings. Throughout history,
aquatic therapy has been used for healing, strengthening and relax
ation. The Native Americans used hot springs for healing purposes.
The Greeks and Romans used the 'baths' for relaxation. Franklin
Delano Roosevelt along with many others with polio and postpolio
syndrome used and acknowledged the benefits of water. The aquatic
setting for physical therapy can be utilized in many different ways
including gait training, improved cardiovascular efficiency,strength
ening, balance, improved neuromuscular coordination, reduction of
muscle spasms or tightness in joints, and edema control and wound
care in specialized hydrotherapy settings.

PROPERTIES OF WATER

Part of the reason why therapy in water is so advantageous is
because of the density of water. Hydrostatic pressure is an important
concept in aquatic therapy; it is the static force of the water pressing
against a person or object. Also, this force creates the upward thrust
that we experience known as buoyancy. It is important to note that
buoyancy has a direct effect on therapeutic exercise. For example, as
the patient performs standing hip abduction, the limb is assisted by
buoyancy. During the limb's return to neutral, increased hip adduc
tor force is required to overcome buoyancy. Therefore, buoyancy can
be assistive and resistive at the same time (Atkinson 2(05). A per
son's body mass index (BMI),adipose tissue vs. muscle mass, is the
primary determining factor in the degree to which a person sinks or
floats. Muscle mass has a greater density than water, causing it to

sink. Adipose tissue is less dense, causing it to float. Each individ
ual's unique level of buoyancy requires appropriate flotation devices
or weights, depending upon the desired effects of treatment.
Buoyancy allows the body to be unloaded. The greater the depth of
submersion, the less the effect of gravity on body weight. A basic
breakdown of buoyancy and the unloading of gravity on a patient
goes as follows: waist deep 50%; chest deep 75%; neck deep 90% of
body weight (Atkinson 2005). The exact percentage of unloading
may vary by gender and mass (Thein & Brody 1998). Hydrostatic
pressure increases the efficiency of the heart by helping in venous
return. It also applies compression to joints, muscles and soft tissue,
facilitating reduction of swelling and adding lymphatic drainage
(jamison 2005).

Hydrodynamics, another important concept in aquatic therapy, is
the force created when moving through water, causing resistance in
front of the object. By changing the shape or surface area of an object,
one can increase or decrease the hydrodynamic resistance (Thein &
Brody 1998). By increasing the speed of movement, the resistance of
the water becomes greater. In other words, the harder you push, the
harder water pushes back. Water itself will not create a greater force
of resistance than that which the individual is able to perform. This
concept makes exercise in water a safe alternative to resistance train
ing on land. Equipment, such as webbed gloves or water paddles,
can be added to increase resistance. In some aquatic pools, the use of
jets can add an increased level of resistance, or could be used for
massage post exercise. It should be noted that an increase in water
turbulence, even by a small amount, can significantly increase resist
ance depending on the activity (Atkinson 2005). This is important to
remember when performing a group aquatic session.

A therapist or group leader should be cognizant that light refrac
tion occurs when light passes from air to water, causing a percep
tion of bending. This is caused by the reduction in the speed at
which light is traveling upon entering the water. This bending may
cause a visual disturbance to the patient's balance mechanism
(Atkinson 2005).

SPECIAL CONSIDERATIONS IN THE
AGING ADULT

The aquatic therapy setting may be more beneficial to people who
have a history of being comfortable in the water. They do not need to
be swimmers; however, that is advantageous with advanced activi
ties. It is possible for people with a fear of water or who have previ
ously had a bad experience to benefit from aquatic therapy. Patience
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and encouragement are important with every individual, but for
those with a fear of water, it is imperative. Flotation devices may
need to be used by the patient to increase their confidence.

A complete initial examination and evaluation by a physical thera
pist is essential for assessing each individual's needs, which must be
performed prior to entering the water. This requisite is to screen
individuals who may not be candidates for aquatic therapy and to
establish goals of care (Geigle & Norton 2005). It is important to note
that some patients may need assistance changing into their bathing
suits, or entering and exiting the water. Some may require full assis
tance throughout the entire treatment session with the clinician in
the water assisting. Being in the water with the patient is advanta
geous but not always necessary, depending on the activity or per
formance level. Some aging adults may not have been in a bathing
suit for many years and may feel uncomfortable or self-conscious. It
is recommended that, prior to entering the pool for the first time, the
patient understands what is going to happen during the session.

Ideal water temperature for a therapeutic pool should be between
88°F and 93°F or 31-34°C. Depending on the patient, the diagnosis,
and indications, the ideal water temperature may differ. A tempera
ture less than 85°F (29°C) is too cool for many older patients. Their
speed of movement will typically be slower, and they will not be gen
erating as much additional body heat. Sustained exercise at tempera
tures greater than 95°P is too hot with respect to cardiovascular and
thermoregulatory systems. Greater than 100°F is dangerous for per
sons with heart conditions and is considered unsafe for exercise.

The amount of work being performed by the patient is deceiving,
on account of the buoyancy and resistance of the water. Thus, it is
important to monitor the patient during exercise to determine exer
tion and fatigue levels. On land, it is common to use heart rate and
oxygen saturation for monitoring a person's level of fitness or stress
on the body. However, in water, these are not the most accurate or
good determiners of exertion. When comparing the cardiac response
of deep water running (up to the neck) with shallow water running
(up to the xiphoid process), heart rate is 10 beats per minute slower
in the deeper water (Robertson et aI2oo1). This is due to the hydro
static pressure adding in venous return and other possible hemody
namic changes. It is suggested that one use a Perceived Exertion
Scale, physical observation, as well as a Talk Test:shortness of breath
while trying to talk will provide clues about the patient's exertion
level. Skin coloration changes may include paleness, redness, blotch
iness and/or excessive sweating. These are warning signs of overex
ertion or overheating. When submerged in water, it is difficult for the
body to thermoregulate due to the radiant and conduction tempera
ture gain or loss in water. Simply communicating with the patient
about their general feeling may provide clues as to how the patient is
tolerating the level of exercise, temperature and overall intervention.

Dehydration is an important concern with the older adult. Hydration
should be included in a comprehensive aquatic therapy program.
Patients should be encouraged to drink 80z (240mL) of water at
least 1 hour before entering the pool. They should be reminded that
drinking or eating large amounts prior to entering the water might
cause cramping. Patients exercising in the water do sweat, and they
may not realize it. Water should be available before, during or after
each session. It is important to encourage patients to void prior to
aquatic sessions. The hydrostatic pressure on the abdomen stimu
lates the internal organs and facilitates kidney function and lymph
return, which may increase the need to void (Atkinson 2005).

It is important to asses skin integrity prior to entering the water.
An open wound is contraindicated for the aquatic setting, except
when it is specifically being used as a wound care modality. A per
son's skin may be sensitive to pool chemicals; thus, chlorine or
bromine as well as pH levels need to be observed and maintained.
Usually, smaller indoor pools use bromine; larger or outdoor pools

typically use chlorine as the sanitizing agent. Chlorine is harder on
the skin; it tends to dry it out more rapidlly. Ideally, pool pH should
be 7.4-7.6: higher or lower may cause skin irritation. Having the
patient shower prior to and after aquatic sessions assists with the
maintenance of chemical levels as well as protecting the patient's
skin. Aqua shoes may also be worn to protect feet and maintain skin
integrity, especially in people with diabetes. Shoes aid in traction,
increasing confidence and avoidance of falls secondary to slipping.

There are many considerations to remember when deciding
if aquatic therapy is appropriate for a particular patient (Morris
2005). In addition to medical screening and the above-mentioned
concerns, there are contraindications (Hayes 1983) for aquatic ther
apy including:

1. active bleeding or open wounds;
2. significant bowel or bladder incontinence;
3. acute inflammatory conditions, i.e, fracture or neurological

trauma;
4. significant cardiac or respiratory instability;
5. any unstable medical condition;
6. fever or infection.

EFFECTIVENESS OF WATER THERAPY

Exercise, rehabilitation and training in water is effective for elite
athletes and people in mid- to late life with a variety of diagnoses
(Thein & Brody 1998, Binkley et a12oo2, Pechter et aI2oo3). After 12
weeks of low-intensity aquatic exercise by people with mild to mod
erate renal failure, Pechter et al (2003) reported beneficial effects in
all cardiopulmonary functional measurements and significant
changes in resting blood pressure, proteinuria, lipid peroxidation
and serum glutathione. Similarly, oxygen uptake was significantly
improved in hypertensive elderly inner city females after 10 weeks
of a water exercise program. Also, heart rate response to submaximal
walking in the water declined significantly as did systolic blood
pressure (Binkley et al 2(02). Significant gains in peak torque meas
urements have been reported after 12weeks of graded aquatic exercise
(Kendrick et aI2(02). After 5-6 weeks of water exercise by individu
als in the eighth and ninth decades of life, significant improvements
have been shown on balance measurements in the Functional Reach
Test (Simmons & Hansen 1996)and on the Berg Balance Scale (Douris
et al 2(03). A series of papers from France reported that 3 weeks of
spa therapy including water exercise for people in their early fifties
to middle sixties with chronic low back pain or osteoarthritis of the
spine, hips, or knees had beneficial effects on pain, drug use, func
tional impairment, Waddell index, and quality of life. Follow-ups at
3-9 months showed continued benefits (Guillemin et al 1994,Nguyen
et aI1997, Constant et aI1998).

CONCLUSION

Clinician expertise may be a limiting factor in choosing
the patient population able to benefit from aquatic therapy. It is
important for clinicians working in the realm of aquatic therapy to
attend continuing education courses, and to learn proper techniques
that will most benefit their patients. Care should always be aimed at
meeting mutually agreed upon needs and goals. Aquatic therapy
adds an excellent modality to meet goals as well as to enhance health
and well-being.
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INTRODUCTION

Rehabilitation professionals and support personnel who treat geri
atric patients face potential malpractice liability exposure for their
conduct, just as healthcare professionals do in any other care deliv
ery setting. The majority of the reported physical therapy healthcare
malpractice cases published in the legal literature involve geriatric
clientele as plaintiffs, or parties bringing legal action against their
healthcare providers.

The United States is a highly litigious society. In 1992, approxi
mately 19million new civil lawsuits between private parties were ini
tiated nationwide. Although only a small proportion of these legal
cases involved healthcare malpractice, the risk of liability exposure in
healthcare practice generally, and in geriatric rehabilitation practice
in particular, is significant. Geriatric rehabilitation professionals must
strike a careful balance between providing optimal quality patient
care (a prospect made more difficult in the current cost containment
focused managed care environment) and minimizing their own
healthcare malpractice liability risk exposure incident to practice
(Scott 1997).

In a recent study of 1452closed malpractice claims, Studdert et al
(2006) found that 3% of the claims had no verifiable medical injuries
and 37'Yo were not associated with errors in care. However, payment
for 28% of claims not involving errors averaged $313205, which was
significantly lower than the average payment of $521560in claims in
which errors were involved.

Medical malpractice has attracted a great deal of attention because
of rising insurance and healthcare costs.

Theaverage payment for malpracticeclaims forphysicians and other
licensedproviders was about $300000for all settlements and $500000
for trial verdicts (General Accounting Office 2003). This drove up the
costof malpracticeinsurance for a general surgeon in Philadelphia, PA,
by 43%from the year 2000 to 2003 (from$33684to $72518).

As a result, 93% of surveyed specialist physicians reported practic
ing defensive medicine (Studdert et aI2005).

In geriatric rehabilitation, professional practice in compliance with
legal standards also includes knowledge by caregivers of, and compli
ance with, the Patient Self-Determination Act and state statutory
reporting requirements for suspected elder abuse, among a myriad of
other relevant laws. Because nearly one-third of the population over
age 55 years is employed, healthcare professionals should also be
cognizant of laws protective of the employment rights of their geri
atric clients, including the Age Discrimination in Employment Act,
the Americans with DisabilitiesAct, and the Familyand Medical Leave
Act (Scott 1998a,1998b).

HEALTHCARE MALPRACTICE

Negligence
Healthcare malpractice is defined as physical and/or mental injury
incurred by a patient in the course of healthcare examination or
intervention, coupled with a legal basis for imposing civil liability on
a healthcare provider for the harm suffered by the patient. Tradition
ally, the only basis for imposing healthcare malpractice liability was
professional negligence, or substandard care.

In a professional negligence lawsuit brought by a patient against a
healthcare professional, the patient must normally prove four core
elements by a preponderance, or greater weight, of evidence. These
four elements are:

• that the defendant healthcare professional owed a special duty of
care to the plaintiff-patient;

• that, in the course of healthcare delivery, the healthcare profes
sional breached, or violated, the duty owed, by failing to meet at
least minimally acceptable care standards;

• that the breach of duty by the healthcare provider caused injury
to the patient; and

• that the patient sustained injuries of the type for which a judge or
jury may legally order compensation in the form of a money
damages judgment, designed to make the patient 'whole' again.

In addition to being legally responsible for his or her own conduct,
a healthcare professional providing geriatric rehabilitation is also
normally vicariously, or indirectly, responsible for the conduct of
supportive personnel acting under the supervision of the licensed or
certified professional. Healthcare professionals must clearly commu
nicate orders to support personnel to whom care tasks are delegated,
and establish competency standards and actually assess the compe
tency of supportive personnel on an ongoing basis.
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Additional legal bases for malpractice
-----------

Other legal bases for imposing healthcare malpractice liability, in
addition to professional negligence, include:

• intentional misconduct, including battery (injurious or other
wise offensive physical contact with a patient) and sexual battery
(physical contact intended to gratify a healthcare provider's
illicit sexual desires);

• strict product liability, for patient injury by dangerously defec
tive treatment-related equipment, such as durable medical
equipment supplied to a geriatric client; and

• breach of contract liability, for failure to fulfill a therapeutic
promise made to a patient.

Geriatric rehabilitation professionals and clinic and agency man
agers are advised to develop, educate staff about, and enforce formal
risk management policies and procedures designed to minimize
healthcare malpractice liability exposure of professional employees
and organizations. Legal counsel should be consulted proactively for
advice on developing and implementing such initiatives (Scott 1997,
199Ra,199Bb).

Consider the following hypothetical example:
A home health physical therapist is charged by a geriatric patient

with sexual battery. In this case, involving myofascial release, there
was, in fact, no therapist misconduct; the patient was simply con
fused about the nature of the therapeutic touch and honestly
believed it to be improperly applied by the therapist to her torso.
What risk management measures should the physical therapist and
agency have undertaken to prevent this kind of allegation?

The agency and its professional and support staff should have
developed and practiced under a professional-patient relations pol
icy that requires:

1. patient understanding of and informed consent for intensive
hands-on therapy, such as myofascial release and massage;

2. notification by the treating healthcare provider to the patient of
the right to have a same-gender chaperone present during treat
ment (such a policy obligates the employer to make available a
chaperone upon the patient's request); and

3. respect by providers for patient autonomy and modesty, includ
ing appropriate patient draping procedures prior to and during
treatment.

In this scenario, the physical therapist faces primary liability expo
sure for his or her conduct, and the employing agency possible vicari
ous liability for the physical therapist/employee's conduct within the
scope of employment.

PATIENT INFORMED CONSENT

In any healthcare delivery setting, adult patients with full mental
capacity have the right to give informed consent before evaluation or
intervention. The duty to make relevant information disclosure and
obtain patient informed consent to treatment is premised on respect
for patient autonomy, or self-determination. Although the exact dis
closure requirements for patient informed consent vary from state to
state, the following elements are commonly included:

• disclosure of the patient's diagnosis and relevant information
about a proposed intervention;

• disclosure of serious risks of possible harm or complication
associated with a proposed intervention that would be material
to the patient's decision about whether to accept or refuse the
intervention;

• discussion about the expected benefits, or goals, associated with
the proposed intervention; and

• disclosure of reasonable alternatives to a proposed intervention,
and their material risks and benefits,

• after the above disclosure elements are discussed with the patient,
the provider is additionally obligated to solicit and satisfactorily
answer the patient's questions and formally ask for patient con
sent to proceed before doing so.

It may not be necessary to individually document in patients'
records each patient's informed consent for routine care. An agency,
institution, or group may elect instead to memorialize an informed
consent policy in a policy and procedures document; orient providers
upon employment of their informed consent obligations; monitor
informed consent processes on an ongoing basis; and reinforce the
duty to obtain patients' informed consent with providers on a regu
larly recurring basis during in-service education.

Managed care 'gag clause' employment provisions requiring
providers to refrain from discussing with patients care options that
are not offered by patients' insurance plans derogate from respect for
patient autonomy and the informed consent requirement for disclo
sure of reasonable alternatives to proposed care options, and are
therefore unethical and, in many jurisdictions, illegal (Scott 1997).

REPORTING SUSPECTED ELDER ABUSE

Geriatric rehabilitation professionals have a legal duty to act reason
ably to identify elder abuse in their clients and to take appropriate
action to prevent further abuse. This may include reporting suspected
elder abuse to social service departments or agencies or to law
enforcement agencies, as appropriate (joshi & Flaherty 2005).

Elder abuse may be less often recognized and reported by health
care professionals than 'domestic' or child abuse. Most state laws on
reporting abuse provide for qualified immunity from defamation or
other bases of liability for persons making good faith reports of sus
pected abuse.

Signs and symptoms of possible elder abuse may be present in a
geriatric client and in the client's abuser, who may be present with the
client during examination or treatment. Signs and symptoms in the
geriatric client may include, among others: unexplained or untreated
injuries; reticence; poor hygiene; malnutrition and dehydration; and
dirty or inappropriate dress for conditions. Indices of elder abuse in
abusers, who may be caregivers or family members, include, among
others: aggression toward or verbal abuse of the geriatric patient;
speaking for the client during an examination or treatment; and
indifference to instructions or suggestions offered by the provider
(Scott 1997).

Consider thefollowing case:
Mr Doe is an B3-year-old patient who is status post-right cere

brovascular accident, with mild left upper limb hemiparesis. He has
just been referred as an outpatient to ABC Rehab, Inc. His examining
physical therapist notices the following about Mr Doe:

1. He is accompanied by his 51-year-old daughter, Sue, who does
most of the talking for the patient.

2. He has scratches and petechiae on the dorsal forearms.
3. He is dressed in a Navy pea-coat, long-sleeved shirt, and wool

trousers, despite it being June and 7B°F.

How should the physical therapist proceed, based on the above
information?

Based on the presentation above, Mr Doe may be a victim of elder
abuse. The physical therapist should annotate pertinent objective



examination findings in Mr Doe's health record and should consult
with a supervisor or professional colleague about this patient. The
therapist may also, as an exerciseof professional judgment, report his
or her suspicion to the facility's social service department for follow
up. Whether or not a report to social service department is made at
this time, the physical therapist should closely monitor Mr Doe for
any further indicators of possible abuse.

PATIENT SELF-DETERMINATION ACT

The Patient Self-Determination Act (PSDA)of 1990is a federal statute
that memorializes a patient's right to control routine and extraordi
nary treatment-related decisions. The PSDA, like the law of patient
informed consent, is premised on respect for patient autonomy.

The PSDA does not create any new substantive patient rights; it
simply requires healthcare facilities - including hospitals and long
term care facilities- to ask patients about any advance directives that
they might have in effect and to honor the provisions of those
advance directives.

Advance directives are legal instruments that memorialize patients'
desires regarding care options in the event of such patients' incapac
itation. They are of two basic types: living wills, which spell out
patients' wishes concerning the scope of permissible healthcare inter
ventions in the event of patient incapacity; and durable powers of
attorney for healthcare decisions, which empower third parties to act
on behalf of incapacitated patients. Patient health records should
include information about existing patient advance directives.

Health Insurance Portability and
Accountability Act of 1996

The Health Insurance Portability and Accountability Act (HIPAA)
became effective in 2003. The intention of the law is to make health
insurance more portable, especially as people change jobs, and to
prevent healthcare fraud and abuse. It requires all healthcare practi
tioners, healthcare plans, and healthcare clearinghouses (electronic
billing services) to protect patient health information including
demographic data as well as any other information that may poten
tially identify an individual. HIPAA regulations do not supersede
existing federal or state laws. The confidentiality protection in
HIPAA has caused problems for families and adult protective ser
vices working with elder abuse (Dyer et al 2005).

Direct access to physical therapy
The World Confederation of Physical Therapy (WCPT)consists of 92
member countries that represent more than 250000 physical thera
pists. Most member countries have laws that require physical thera
pists to have a physician referral; however, an evolution is occurring
toward direct access to physical therapy services by the patient/con
sumer. As reflected in a WCPT report, the outcomes of educational
programs for physical therapists in South Africa, Australia, Norway,
Jamaica, Canada and Brazil are intended for graduates to work
autonomously and/or in primary care (Takahashi et aI2oo3).

In the United States, 42 states have laws permitting direct access to
physical therapy services. Also, in military settings, direct access has
been in effect in various forms since 1972. In a recent large study
involving direct access in Army, Navy and Air Force healthcare sites,
50799 patients were evaluated without any documented adverse
events as a result of the physical therapy diagnosis or management.
Also,there were no disciplinary actions, litigations, licenseor credential
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problems for the physical therapists involved in this direct access
care (Moorer et aI2oo5).

EMPLOYMENT PROTECTION FOR OLDER
WORKERS

There are three federal statutes that serve primarily to protect the
employment interests of older workers. These are the Age Discrimina
tion in Employment Act, the Americans with Disabilities Act, and
the Family and Medical Leave Act (Scott 1997, 1998a, 1998b).

The Age Discrimination in Employment Act (ADEA) of 1967 pro
hibits employer discrimination against workers aged 40 years or
older. The broad prohibition of discrimination against older workers
encompasses nearly all aspects of the employment relationship, from
recruitment and selection to training and promotion to employee
benefits. Under case law developed after implementation of the
ADEA, employers may discharge older workers from employment if
such workers contractually waive their ADEA rights in exchange for
monetary compensation.

The Americans with Disabilities Act (ADA) of 1990 offers signifi
cant protection from discrimination to older workers and patients.
Under TItle I of the ADA, business organizations having 12 or more
workers are prohibited from discriminating against physically or
mentally disabled employees, and must provide reasonable accom
modation for employees' disabilities that affect their ability to carry
out essential functions of their jobs. TItle III of the ADA protects the
rights of disabled consumers to equal access to public accommoda
tion, including privately owned healthcare facilities.

The Family and Medical Leave Act (FLMA) of 1993requires employ
ers having 20 or more full-time employees to allow employees to
take up to 12 weeks per year of unpaid, job-protected leave for per
sonal or family illness or for adoption or childbirth. Unlike the ADEA
and the ADA, which are enforced by the federal Equal Employment
Opportunity Commission, the FLMA is administered by the federal
DepartmentofLabo~

Consider thefollowing scenario:
A 68-year-old rehabilitation client informs a physical therapist dur

ing the patient history interview of circumstances that might constitute
employment discrimination (age-related discharge) related to the
client's disability. What should the therapist do?

Even though the therapist is generally familiar with employment
laws, the therapist should not attempt to advise the client about pos
sible legal options. Instead, the therapist should inform the client of
the right to seek legal advice with an attorney of choice or through
the public service county bar association's legal referral service, which
is available in every county and parish in the United States at no cost
or for a low charge for 'initial' legal advice.

CONCLUSION

Geriatric rehabilitation professionals must be cognizant of key laws
and legal requirements affecting their practice and their clients' civil
rights. Under managed care, the rehabilitation milieu has become
extremely business-like and impersonal, making malpractice avoid
ance more difficult. Clinicians and managers must simultaneously
strive for optimal quality patient care and effective clinical risk man
agement in order to survive and thrive.

Knowledge of laws respecting patient autonomy, including the
PSDA concerning patients' advance directives, and of employment
protection benefiting elderly clients, enables geriatric rehabilitation
professionals to better serve their clients. Legal advice, however,
should be given to clients only by attorneys.
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The information presented in this chapter is intended as legal
information only and not as specific legal advice for any health pro
fessional. Individual legal advice can be given only by a person's
personal or institutional attorney, based on the distinct laws of the
particular jurisdiction (state or federal law, as applicable).
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INTRODUCTION

Decisions regarding moral choices, what is right vs. what is wrong, are
difficult, and they frequently complicate treatment interventions and
service delivery in geriatric rehabilitation. These moral decisions are
often made more limited by factors such as ageism, societal attitudes
and available reimbursement for healthcare services. This is especially
true in the current healthcare delivery system, which intermingles
patient care with technology, a reimbursement-driven environment
and a societal mandate to conserve healthcare dollars. An understand
ing of the concept of professionalism and of ethical principles and the
ory can provide a framework for analyzing the values involved in
moral decision-making in geriatrics.

PROFESSIONALISM, ETHICS AND GERIATRIC
PHYSICAL THERAPY PRACTICE

It has been said that every clinical decision involving a patient has a
moral or ethical dimension. The physical therapist's response to this
ethical circumstance requires that the therapist possesses the moral
courage to formulate a reply to the ethical situation and implement a
decision that will benefit the patient. This ability to act ethically on
behalf of a patient's needs is inherent in the notion of professionalism.

In our society, a professional is regarded as possessing more than a
body of knowledge and technical expertise. A true professional is
expected to perform a valuable service to society. In exchange for
autonomy to make decisions on behalf of vulnerable patients and on
behalf of society, a professional is expected to abide by high ethical
standards. In essence, they are expected to exercise professional expert
ise responsibly, and to make accountable decisions that are in the
patient's and societies' best interests (Swisher 2(05). The American
Physical Therapy Association (APTA), recognizing the intimate rela
tionship between professionalism and ethics, has adopted a consensus
document that identifies the core values of professionalism in physical
therapy practice. These core values can be viewed as guiding principles
for the ethical treatment of patients, especially those older individuals
who are entrusted to our care. The core values are account-ability, altru
ism, compassion and caring, excellence, integrity, professional duty
and social responsibility (APTA2(03).

ETHICS AND MORALITY

Morality is defined by Churchill as 'behavior according to custom'
(Henderson & McConnell 1997). It is further defined by Purtilo as
guidelines that are designed to preserve the fabric of society (Purtilo
2(05). Ethics, on the other hand, can be viewed as 'a systematic
reflection on and analysis of morality' (Purtilo 2005). As such, ethics
is based on principles that provide a conceptual framework within
which it is possible to place perceptions of ethical cases and prob
lems. These principles allow the imposition of some sense of artifi
cial order on a story, and they affect peoples' response to it. Ethical
concepts are tied to society's customs, manners, traditions and insti
tutions. In essence, these concepts define how members of a society
deal with the world (Elliott 1992).

Professional ethics that arise in the context of healthcare provide
guidelines that are ultimately no different from those that arise from
religious, philosophical, cultural and other societal sources (Purtilo
2(05). Ethical situations in geriatrics are no different from the ethical
situations in other aspects of healthcare. Similar reasoning processes
should be observed to answer questions of morality when dealing
with older individuals.

ETHICAL PRINCIPLES

Ethical principles serve as one tool for solving complex ethical
problems. Ethical theories provide a sense of order. They can help to
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simplify a complicated case for initial problem-solving, and that sim
plification in itself can be useful in ordering and focusing a wide
range of disparate intuitions (Elliott 1992).

The foundational principles of biomedical ethics that govern geri
atric rehabilitation professionals include the following ethical duties
and rights:

• beneficence - the duty to do the best possible;
• nonmaleficence - the minimal duty to do no harm;
• justice - the allocation of time and resources; and
• autonomy - the ethical right of self-determination.

Autonomy
Respect for patient autonomy is an ethical principle that requires fur
ther understanding and definition. According to the ethical principle
of autonomy, the patient has the right to actively negotiate his or her
own healthcare decisions. In geriatrics, issues of autonomy may
revolve around questions of individual capacity and competency to
make decisions. Healthcare providers must recognize that questions
of patient competency are determined legally and are not to
be presumed by the professional or by family members or caregivers.

In general, the decision-making capacities of older individuals
with cognitive deficits must be respected as long as possible. For
patients with dementia, determination of capacity and competency
is especially problematic. However, the respect for autonomy must
be balanced with the notion of protection of that individual from
potential harm. The tension between autonomy and protection may
direct caregivers to make decisions that are in conflict with patient
wishes. Ethically, the rights of the individual to express a choice
regarding his or her care should be made in light of several observa
tions, including the severity of the dementia, the presence or absence
of actual mental illness, the physical and functional state of the indi
vidual and the availability of family and community resources
(Brindle & Holmes 2(05).

A concern specific to the autonomy of the older patient may be
the reliance of the professional on family members or caregivers to
make decisions for that individual even when the older patient is
legally competent to make the decision himself or herself. In these
situations, in which the older client is legally competent, the moral
and legal appropriateness of consulting such individuals must be
determined by the patient. This is an especially difficult issue for
caregivers when the patient is ill, recovering from surgery or patho
logical insult, or taking certain medications, all of which can nega
tively affect the patient's judgment.

One factor that may influence the ability of older individuals to
make autonomous healthcare choices is their own beliefs or expecta
tions regarding healthcare. Specific factors to consider might include
whether they view healthcare as a right or a privilege. They must also
analyze whether they believe that they are a passive recipient of
healthcare vs. the more current concept that stresses an individual's
responsibility to actively participate in the rehabilitation process.

Informed consent, which provides the legal basis for autonomy,
requires patient education according to the 'reasonable man stan
dard'. Specifically, this standard obliges the healthcare professional
to provide information in terms understandable to a reasonable indi
vidual of like circumstances. Informed consent is recognized as one
way to achieve patient adherence.

Scott (1997), in his work on legal awareness, notes that the legal
disclosure requirements vary from state to state, but commonly
include the following:

• the patient's diagnosis and pertinent evaluative findings;
• the nature of a proposed or ordered intervention;

• any material risks for harm or complication associated with the
proposed intervention;

• reasonable alternatives, if any, to the proposed intervention; and
• the goals of the intervention.

Scott (1997)goes on to state that the goals of rehabilitation interven
tion must be jointly developed and implemented by the patient and
the rehabilitation professional. Both parties to the rehabilitation
'contract' then feel that they have a stake in achieving an optimal
patient outcome.

An additional factor to consider with respect to ethics and patient
autonomy is the issue of paternalism. Paternalism may be defined as
coercion, or interference with another person's freedom of action. The
healthcare professional justifies paternalism by reasons related to the
welfare and happiness of the individual being coerced. In the ethics
of healthcare, paternalism stems from the principle that the practi
tioner should act to bring about the maximum benefit for the patient,
even at the expense of the patient's autonomy. It is rooted in the
healthcare provider's knowledge and professional understanding
coupled with the duty of beneficence and the healthcare provider's
desire to bring about the best outcome. In its extreme, paternalism
can result in a violation of autonomy, which is not considered accept
able in this society.On the other hand, contemporary health-care may
accept gentle paternalism, which combines with informed consent to
achieve patient adherence. In geriatrics, questions of competency fre
quently complicate this issue (Weiss1985).

The issues of patient autonomy and paternalism may also be com
plicated by Medicare and other insurance regulations that require
specified treatment times and frequencies. Thus, the ill or depressed
patient may be coerced into going to rehabilitation in order to protect
Medicare payment benefits, which may be suspended if the patient
fails to attend the regulated number of daily hours or treatment days
per week, depending upon the treatment setting - rehabilitation unit
or skilled nursing facility respectively. Some medical providers main
tain the attitude that the patient may not refuse the required care,
which is paternalistic.

FIDELITY. VERACITY. CONFIDENTIALITY

Secondary ethical duties inherent in healthcare include the following:

• Faithfulness, or the fidelity/fiduciary relationship: entails meeting
a patient's reasonable expectations.

• Truth-telling, or veracity and honesty: obligates a healthcare
provider not only to the patient but also to other sources such as
the reimbursement source (this is a frequent source of conflict).

• Confidentiality, or the patient's expectation that the healthcare
provider will honor personal information as private: requires that a
healthcare provider only shares sensitive information with those
who have a legitimate right to know. The legal basis for confiden
tiality exists in the constitutional concept of the right to privacy.

VIRTUE ETHICS AND THE ETHICS OF CARE

Traditional bioethical principles may have limited value in guiding
ethical decisions that must be made daily when caring for geriatric
patients in today's complex healthcare environment. Virtue ethics is
another theory that may provide the physical therapist with insight
into ethical care. Virtue ethicists look at character, rather than rules,
for moral guidance in patient care decisions. Therefore, virtue ethics



is considered as a theory of being that focuses on the character of the
moral agent rather than on the acts of that agent. For example, a
virtue ethicist would look at the patience of the therapist treating the
older individual, rather than judge the lack of productivity that
resulted from the therapist taking additional time to address the
complex concerns of an older patient. A virtue is defined as a good
habit that balances excesses and deficiencies. As agents, physical
therapy practitioners may apply virtue ethics to geriatric care by
developing trusting relationships with patients, being compassion
ate, and developing a deep awareness of the lives and wishes of the
patient. Compassion is considered a cardinal virtue of physical ther
apists treating geriatric patients, and moral and ethical actions are
guided by that compassion (Nalette 2001).

Regardlessof the ethical theory,when physical therapists deliberate
an ethical concern or attempt to determine a solution to an ethical situ
ation, the goal should be to provide a caring response. In spite of com
peting loyalties, the primary loyalty must be to the patient, and the
caring response must lead to a conclusion with purposeful action.
Purtilo states that care means 'seeking the deepest understanding of
what that other person really needs. Care is what you pay attention to.
And that's important within the health professional-patient relation
ship.. .' (Ries2(03). Ethically, it means going beyond evidence-based
practice that simply looks at the results of researchstudies and, instead,
incorporates the essence of true evidence-based practice, which
includes client-eentered goals in patient care (Wong et al 2(00). This
may involve helping the patient to understand how your knowledge
and expertise may benefit them, and empowering older patients to
make decisions that are in their best interests. It means listening to the
older individual's story, and respecting their ideas, concerns, and per
spectives as you jointly develop a meaningful plan of care (Ries2(03).

CODES OF ETHICS

One hallmark of a profession is its adoption and enforcement of a code
of ethics. An underlying assumption is that a code of ethics articulates
the values of that profession and holds members of the discipline
accountable for adhering to ethical standards. The purpose of a code is
to make positive statements of ethical values and to educate profes
sionals about the ethical dimensions of practice. Perhaps more impor
tantly, a code of ethics is meant to educate the public through
statements of what can be expected from members of that profession.
As such, a code of ethics is an officialstatement by the profession that
is intended to promote public trust. It serves as a guide for profession
als to solve moral problems. However, it is not a substitute for good
moral judgment or personal commitment.

The World Confederation of Physical Therapy (WCJYf) has
adopted ethical principles that are recognized as prototypes for
member organizations to develop their own code of ethics or code of
conduct (see Box 75.1). The ethical principles articulated by WCJYf
can offer ethical guidance for physical therapists providing care for
geriatric patients. Specifically, Principle 1 states that physical thera
pists respect the rights and dignity of all individuals. This principle
directs practitioners to respect patients regardless of age, culture
or disability. It implies the right to privacy and confidentiality. It
requires respect for patient autonomy. It states that physical thera
pists have the absolute responsibility to act professionally when
involved with patient care. Principle 2 requires that physical thera
pists comply with laws and regulations that govern the practice of
physical therapy in the country in which they work. In addition to
licensing laws, this principle implies that therapists in the United
States who treat older individuals have knowledge of the legal
implications of informed consent. It also implies that therapists
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Box 75.1 WCPT ethical principles/declarations of
principle

Physical therapists:

1. Respect the rights and dignityof all individuals
2. Comply with the laws and regulations governing the

practice of physical therapy in thecountry in which they
work

3. Accept responsibility for the exercise of sound judgment
4. Provide an honest, competent, and accountable profes

sional service
5. Are committed to providing quality services according to

quality policies and objectives defined by their national
physical therapy association

6. Are entitled to a just and fair level of remuneration for
their services

7. Provide accurate information to clients, to other agencies
and the community about physical therapy and the ser
vices physical therapists provide

8. Contribute to the planning and development of services
that address the health needs of thecommunity

Reproduced with kind permission from theWePT (http://
www.wcpt.org/policies/principles/ethicalprinciples.php).

understand the regulations related to Medicare reimbursement.
Principle 3 states that physical therapists accept responsibility for the
exercise of sound judgment. Inherent in this principle is the notion of
professional independence and autonomy and the idea that a thera
pist is qualified to make judgments regarding the physical therapy
plan of care. Implied is that the therapist is working within the scope
of the profession, is competent based on knowledge and skill, has
made an appropriate assessment and determined a diagnosis, and
will implement the plan of care based on the assessment and diag
nosis. Principle 4 directs physical therapists to provide honest, com
petent, and accountable professional service. This principle directs
therapists to understand the nature of the services they provide,
including the costs associated with that service. It also instructs ther
apists to maintain competency through professional development
and participation in ongoing continuing education. It directs thera
pists to keep adequate client records and to disclose those records
only to individuals who have a legitimate right to access the infor
mation contained in the documentation. Included in this principle is
the notion that ethical practice takes precedence over business prac
tices in the provision of physical therapy services. Principle 5 states
that physical therapists must be committed to providing quality
services according to the policies and objectives defined by their
national physical therapy association. As stated, this principle
requires physical therapists to be aware of current standards of prac
tice, and to participate in ongoing education to update knowledge
and skills consistent with current evidence and research. Principle 6
identifies the physical therapist's entitlement to just and fair remu
neration for services rendered. Principle 7 directs therapists to pro
vide accurate information to clients and the public regarding
physical therapy services. Principle 8 requires therapists to con
tribute to the planning and development of services that address the
health needs of the community. This principle obliges therapists to
work toward achieving justice in the provision of healthcare for all
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people, and may be particularly applicable in view of the needs and
access to care provided for geriatric clients under the current con
straints imposed by healthcare regulations and financing in the
United States healthcare delivery system (WCPT 2006).

The APTA's code of ethics, 2000 revision, is markedly similar to the
principles adopted by the WCPT. This code of ethics contains 11 prin
ciples that direct physical therapists to respect the rights and dignity
of all individuals; provide compassionate and trustworthy care; com
ply with laws and regulations that govern physical therapy practice;
exercise sound professional judgment; achieve and maintain profes
sional competency; maintain high standards for practice, education,
and research; seek deserved and reasonable remuneration for services;
provide accurate information to patients and consumers; protect the
public from unethical, incompetent, and illegal acts; address the
health needs of society; and respect the rights, knowledge, and skills
of colleagues and other healthcare professionals (APTA 2006a).
Similarly, APTA adopted seven standards of ethical conduct for the
physical therapist assistant. These standards direct physical therapist
assistants to respect the rights and dignity of all individuals, provide
compassionate and trustworthy care, provide only selected physical
therapy interventions under the supervision and direction of a physi
cal therapist; comply with laws and regulations governing physical
therapy; achieve and maintain competence; make judgments com
mensurate with educational and legal qualifications; and protect the
public from unethical, incompetent and illegal acts (APTA 2006b).
Physical therapists and physical therapist assistants who provide care
for older individuals are responsible for maintaining the standards of
ethical conduct when providing patient care, regardless of association
membership.

WCPT's ethical principles and the code of ethics and standards of
ethical conduct for the physical therapist assistant adopted by the
APTA can provide valuable guidance for physical therapists and
physical therapist assistants who provide care to geriatric patients. In
addition to the ethical theories and principles, they articulate princi
ples that direct responsible, ethical and caring practice.

SOURCES OF CONFLICTS IN GERIATRIC
REHABILITATION

Several broad sources of ethical conflicts in geriatric rehabilitation
have been outlined by Guccione & Shefrin (1993). They can be listed
as follows:

Personal vs, professional beliefs
. -- _ .. - -- --- -- ._-------- ----
In dealing with older patients, a healthcare professional must recog
nize that occasionally a conflict exists between personal feelings about
a patient or situation and professional duties. The professional must
know how to weigh personal values against professional obligations
and responsibilities.

~interdisciplinary team's perception and conflicts
Expectations of team members involved in the care of geriatric
patients may differ or not be clearly understood. Conflicts may
develop regarding the role and responsibility of each professional. It
is important that each individual in the team clarifies the promises
implicit in the commitment to work in an interdisciplinary team.

Organizational and societal conflicts
Current healthcare reflects rapid changes in delivery and service mod
els, especially as managed care principles have come to predominate in

organizations. Conflict often exists between the healthcare profes
sional's obligation to the patient and obligations to the organization.
Our society expresses a wide variety of opinions about the attitude that
should be taken toward elders. Recent dilemmas involve the allocation
of healthcare resources, especiallythe financing of care and reimburse
ment for services. Therapists must look at each case on an individual
basis and at the same time consider that case in the context of societal
issues.

ETHICAL DECISION-MAKING

Purtilo (2005) has identified the following six-step process as a tool
that can be used to address ethical problems:

1. gather relevant information;
2. identify the type of ethical problems;
3. use ethics theories or approaches to analyze the problem;
4. explore the practical alternatives;
5. complete the action; and
6. evaluate the process and outcome.

SPECIAL TECHNIQUES TO PROMOTE ETHICAL
DECISION-MAKING IN GERIATRIC CARE

A variety of techniques can be used to promote ethical decision
making in geriatric care. Included in these techniques are value
histories, use of ethics committees and team conferences, and recogni
tion of legal remedies, including guardianship and power of attorney
(Henderson & McConnell 1997).

Value history
A value history is a summary of a patient's values and beliefs. The infor
mation is obtained prior to the onset of a cognitive impairment that
impedes the exercise of autonomous judgment. It can be constructed
with the help of family members or significant others. This tool helps to
preserve respect for the individual patient and his or her autonomy.

Ethics committees
Groups of individuals in an institution may be identified as an ethics
committee. Such committees have the authority to facilitate the reso
lution of ethical dilemmas in healthcare. They can develop policy
and guidelines, provide consultation and case review, offer theolog
ical reflection, and educate others in the institution regarding mat
ters of morality. Membership varies and is often determined by the
purpose of the committee. Generally, membership includes attor
neys, clergy, ethicists, medical practitioners and community repre
sentatives. Specific limits of authority vary, depending on the policy
developed by the institution. One model specifies optional consulta
tion with the committee, leaving compliance with their recommen
dations to the discretion of the professionals involved in the case.
Another model specifies mandatory review of certain decisions, for
example those regarding life support measures, but continues to
allow professionals to retain their authority in the final decision. A
third model dictates mandatory review by the ethics committee and
mandatory compliance with its conclusions.

Team conferences
The interdisciplinary team may be used for additional input when
ethical issues about patients must be addressed. In order to effectively



consider issues of morality and value as they affect geriatric patient
care, both patients and appropriate family members and caregivers
should be included in the team.

Legal remedies
In situations where an older individual is unable to make competent
determinations regarding care, the right to make decisions may be
delegated to other caregivers or surrogates through legal mecha
nisms such as guardianship or power of attorney.

Guardianship: a mechanism that allows a surrogate or surrogates
to exercise rights for an older person who is no longer mentally
competent.

Power of attorney: a form of voluntary guardianship in which a
competent individual freely appoints a surrogate decision-maker.
The decision may be invalidated automatically in some states if
the individual becomes incompetent, but some states recognize a
durable power of attorney, which does not expire if an individual
becomes mentally incompetent. The authority of a durable power
of attorney can include the ability to make healthcare decisions.

The relationship between ethical and legal
obligations
Scott (1997) summarized the relationship between ethical and legal
obligations. In geriatric rehabilitation, discipline-specific professional
codes of ethics govern the official conduct of members of that disci
pline if they are members of the professional association that promul
gates and enforces the ethics rules. Rule of law, on the other hand,
governs the conduct of all members of society. Currently, in health
care, the ethical duties and the law have become blended to the point
where they are often interchangeable. For example, it is a violation of
civil and criminal law and of health professional ethical mandates to
commit sexual battery upon a patient. Similar parallels exist in the
commission of healthcare fraud, professional practice without the
requisite license or certification, and other activities of clinical prac
tice (Scott 1997).

SPECIAL AREAS OF ETHICAL CONCERN IN
GERIATRIC REHABILITATION

Discharge planning
Complex ethical concerns can be identified with respect to discharge
planning in geriatric rehabilitation. Typically, discharge involves tran
sition from a hospital to a site of continuing care. It can also be viewed
as a transition from illness to rehabilitation and health. Ethical conflicts
can be identified in relation to patient autonomy and involvement in
the decision-making process. Additionally, ethical concerns may be
identified with respect to discharge plans as they impact on the inter
ests of multiple parties, including the patient, the family, the healthcare
providers, the institutions, the reimbursement sources, the referral
sources and society itself. Specific concerns arise in the context of the
current United States healthcare delivery systems. The system typically
accessed by employed, middle-income Americans is based on prospec
tive payment systems with defined lengths of stay and managed care
principles designed to control the expenditure of healthcare dollars.
Healthcare providers caring for patients funded through this system
may experience pressure to advocate discharge plans that put financial
considerations ahead of decisions that are in the patient's best interest
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and safety. As the healthcare delivery systems designed for the unem
ployed, uninsured, and largely minority Americans, the military med
ical care system, and the veterans administration healthcare system
adopt managed care principles in an effort to conserve healthcare dol
lars, healthcare practi-tioners working in these delivery systems may
experience similar pressures (Torrens 2002).

One variable in discharge planning may be that the healthcare
providers' prescription for long-term care may not show sufficient
respect for individual autonomy. Typically, an individual's ability to
participate in any decision-making process is determined, at least in
part, by performance on mental status examinations. These examina
tions, although considered to be reliable in judging mental capacity,
are of limited value in judging capacity to make complex decisions
related to discharge. Of primary importance is that such examinations
fail to account for an elderly individual's ability to function in the
community, based on social ability and the strength of support net
works, in spite of the fact that both these factors are strong predictors
of success in community living. An ethical decision related to dis
charge that truly accounts for patient autonomy should include some
prediction of the individual's ability to address the challenges of inde
pendent living (Dubler 1988).

If the individual with dementia wishes to be discharged to their
own home, that option should be considered in view of the individ
ual's age, physical dependency, cognitive impairment, and compe
tency to perform physical, mental and functional tasks. An attempt
must be made to determine whether the individual who wishes to
return home has adequate insight into his or her level of dependency
in order to address safety issues. In order to facilitate successful dis
charge home, an assessment must be made of whether that individ
ual's needs could be met through a holistic flexible care plan that
utilizes community teams and ongoing assessment and observation
(Brindle & Holmes 2(05).

Another factor that complicates the ethics of discharge plans is that
every decision affects the rights of many people and must account for
competing obligations. It is widely recognized that the elderly individ
ual has the moral and legal right to decide autonomously what is
appropriate. However, the impact of that decision on the rights, duties,
and obligations of family members must also be considered. Specifi
cally, the patient's goal must be accommodated to the family's ability
and willingness to help, if such support is part of the proposed dis
charge plan. Bioethics has historically largely ignored the rights of fam
ilies. Although families are traditionally obliged to care for each other
in ways not expected from friends, neighbors and strangers, the bur
den of care associated with prolonged life of individuals with chronic
and debilitating injuries is an important factor for consideration.
Therefore, the obligation to care for family members must be balanced
against the obligation of the family member to care for their own phys
ical and emotional needs (Haddad 2(00). While the rights of family
members must be factored into discharge plans, they must not have
more influence on the plan than the rights of the older patient. One cur
rent temptation is to consult and address the needs of family members
while virtually ignoring the decision-making right and ability of the
older individual, even when that individual is capable of involvement
in the process.

From an administrative standpoint, discharge involves balancing
the good of the patient against other goods, including the needs of the
hospital and of society. Conflicts may arise between the financial inter
ests of the institutions and society and the welfare of the patients. These
are especially evident when financial considerations are viewed in
light of the mission of the institution and its administrative obligations
to the staff and the community. The code of ethics of the American
College of Hospital Administrators specifically addresses such con
flicts of interest by stating that the welfare of the individual must pre
vail. The code, however, is silent on issues of conflicts in administrative
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obligations. Therefore, an underlying motivation in effecting the dis
charge or transfer of a patient from an institution may be the adminis
trative obligation to insure that the institution remains viable. This
obligation may be seen to supersede the obligations of the institution to
the community, the medical staff, and even the patient. As a result, the
needs of individual patients may playa relatively minor role in ethical
frameworks espoused by some administrators. Rather, in this context,
a patient's needs are balanced against the needs and interests of others.
This may pose an ethical dilemma for those caregivers directly
involved in effecting an appropriate discharge plan for an individual
patient (Spielman 1988).

Discharge plans that involve placement in long-term care are often
among the most difficult. The health delivery system provides the
older individual with little opportunity to choose either the site of care
or its details. Such decisions are often made by discharge planners or
social workers who have little opportunity to consult with the individ
ual patient. Frequently, the discharge plan is determined without dis
cussing the circwnstances with the patient, family or caregiver, and is
based on the physician's judgment that the older patient 'needs
24-hour care'. Additionally, the patient is rarely informed that the pri
mary purpose of the discharge planner is to facilitate prompt discharge
while automatically following rules for referral to postacute care set
tings. The older individual is expected to make a critical life decision
with inadequate time and information and may be being advised by
professionals who have not fully disclosed the constraints imposed on
them by their jobs. Furthermore, little consideration is given to the indi
vidual's right to make an informed, autonomous decision to return
home when that decision is considered risky or hazardous by the
physician or healthcare team. This is often the result not only of the
healthcare professionals' desire to do what they know is best for
the patient, but also of the fear of litigation resulting from the adverse
outcome of a risky discharge decision (Kane 1994).

Recurrent ethical conflicts may revolve around discharge orders
that violate the conscience of those caring for the patient but do not
necessarily violate the law. An example of a recurring theme seen in
geriatric care would be situations in which discharge is planned for
patients who are medically ready, but a discharge location that meets
the patient's and family's need is not available. In these situations, the
therapist and discharge planner recognize that the geriatric patient's
needs may be in conflict with the discharge order. In this case, it may be
argued that hospitals are held to a higher standard than a patient's
medical status alone. Discharge must not be effected until there is ade
quate care and support in the home or an appropriate healthcare facil
ity. The institution must not discharge a patient under adverse
conditions, whether of medical status or social support. On the other
hand, patients have no right to prolong their stay simply because they
are comfortable or the desired discharge destination is not available.
Patient autonomy is not absolute in this example, and questions of dis
tributive justice must be considered, and patient's rights must be bal
anced against institutional policies. The institution might argue that
the patient is entitled to be discharged to a facility as long as it meets
minimally acceptable criteria, and has no right to demand discharge to
the best possible facility. Such a discharge would serve the principle of
justice as this same standard would apply to all patients. On the other
hand, consistency offers only a minimal standard of justice. It does not
take into consideration the impersonality of the institution in enforcing
its own regulations. In attempting to do the right thing in these cases,
the therapist and discharge planner are continually presented with a
hopeless choice and an unfair set of circumstances. There are no easy
answers at the individual case level. In these types of situations, practi
tioners may look to preventive ethics, which focuses on the overall
problem rather than the individual case. The right thing to do, then,
becomes the mandate to change conditions so that a more equitable,
ethical solution may be effected for future cases (Moody 2004).

Ethics and long-term care
Long-term care, in current health services delivery, refers to a broad
range of services that are available to assist an individual who has
functional impairments. These services can include personal care,
social support and health-related services. Settings for the provision
of long-term care include an individual's home as well as a variety of
institutional setting. The same ethical issues described above arise in
the care of any older person receiving long-term care.

As noted previously, a primary ethical concern in decisions about
long-term care involves the admission process itself. Frequently,
decisions are made with little respect for patient autonomy. An indi
vidual may be denied the right to choose what is perceived as a risk
laden choice (to remain at home), and that may be a violation of his
or her autonomy. In order to preserve autonomy and allow a patient
to return home, he or she must understand the risks and conse
quences and must also understand that the decision should not have
an adverse impact on the rights of others.

Another consideration in long-term care is the issue of privacy and
dignity. Providers of geriatric rehabilitation services must be cog
nizant of individual dignity when assisting with personal care ser
vices such as bathing and toileting. In institutional settings, sensitivity
to issues of privacy and dignity must be heightened, as the environ
ment, by its nature, is not conducive to either. Examples of situations
that may lead to violation of these rights include multiple occupancy
rooms, responsiveness to call buttons, and the use of first names with
out permission from the patient.

Rehabilitation in long-term care may evoke ethical dilemmas
unique to that setting. By definition, rehabilitation implies fostering
maximum patient independence in functional tasks. Geriatric patients
seek long-term care precisely because they are dependent to some
degree. An ethical challenge exists between respecting a patient's
autonomy and complying with his or her request for help and encour
aging independence. In a broader sense, a similar challenge may exist
in decisions related to protecting a patient from risky situations such as
falls or adverse health events. Healthcare providers must determine
when a person needing care should be allowed to consciously choose a
course that professionals consider risky in order to maximize values vs,

allowing a patient to be unattended and potentially unsafe.
The lack of patient autonomy in long-term care living environ

ments may be the result of the caregivers' and administrators' roles,
their job descriptions, the physical environment, and the regulations
that govern these institutions. Administrators and staff may be trained
to be task oriented, which provides little opportunity to consider
autonomy or even clients' involvement in daily decisions about their
own care. The physical environment is often one of little space for stor
age of clothing and personal possessions, minimal security for per
sonal items, and limited privacy. Care plans and routines dominate
the timing and the content of daily activities. Regulations, although
designed to protect the welfare and safety of residents, frequently dis
courage residents' participation in decision-making and often allow for
little freedom of choice. Examples include restrictions on what residents
can keep in their rooms, requirements about supervision and the chart
ing of patient activity, and safety requirements. Conversely, some regu
lations may enhance patient autonomy, such as those that mandate the
availability of consumer information, enforce privacy regulations, and
place limits on the use of restraints (Kane 1994).

The Center for Advocacy for the Rights and Interests of the
Elderly (CARIE) developed a curriculum for guiding and improving
ethical decision-making in long-term care. The program is based on
the premise that long-term care involves the overall well-being of the
resident, including the emotional, spiritual, psychological and social
well-being, as well as the physical health of the resident. It takes into
account the relationships that exist with family members, friends,



and staff that may be supported and strengthened by including them
in the resident's care. The program recognizes that long-term care
residents have physical dependencies and often suffer from dement
ing illnesses, and recognizes that the experience of dependency is
magnified by the variety of ways in which a resident relies upon
facility staff. The Center's model recognizes that traditional bioethics
is inadequate to address the ethical issues confronting staff and resi
dents in long-term care. The resulting curriculum, 'Promises to Keep:
Creating an Ethical Culture in Long-Term Care', represents an ethics
education curriculum that proposes commitment to the resident as
the ethical basis of the long-term care admission. The program iden
tified five themes: health, safety, pain and suffering, respect for per
sonhood, and life story. These themes are coupled to commitments to
preserve and promote the resident's health, protect the resident's
safety, palliate the pain and suffering, practice respect and care for the
attributes of personhood, and provide opportunity and support for
the continuation and completion of the resident's life story. In this
model, health is concerned with maximizing functional ability rather
than curing disease, and safety addresses the resident's interaction
with the external environment. Spiritual and emotional pain is
deemed to be as important as physical pain. Life story is viewed as a
continuation of that person's being, and involves honoring, encour
aging and supporting in the resident the qualities that are associated
with personhood including self-awareness, intentionality, decision
making, agency, emotions, relationships and creativity. CARIE devel
oped a five-step process called IDEAS, which provides a framework
for working through care dilemmas to reach ethical solutions. The
steps are: (i) identify the ultimate issues, stakeholders, and other deci
sion points; (ii) develop a resident narrative; (iii) explore all conceiv
able responses to the issue; (iv) assess each response in light of the
provider's commitments to the residents; and (v) select a course of
action and create an implementation plan. This program contributes
to care providers' ability to identify ethical dilemmas and provides a
process for examining and sensitively resolving problems that are
unique to long-term care (Mathes et aI2004).

Restraints
The use of restraints in the care of the elderly poses several ethical and
legal questions that must be addressed by healthcare providers. A
restraint is defined as any device that restricts freedom of movement.
The rationale for restraint use with the elderly is frequently cited as
prevention of injury to self or others, but often the underlying motiva
tion is fear of institutional liability.

When considering the use of restraints to control a patient for
safety or because of behavior, the rehabilitation professional must be
cognizant of the fact that the literature reports little scientific basis to
support the efficacy of restraints in safeguarding patients from harm
(Hieleman 1991, Moss & LaPuma 1991). In fact, adverse effects cited
in relation to restraint use include such consequences as reduced
functional capacity secondary to immobilization, as well as physio
logical changes including contractures, decreased muscle mass and
strength, loss of bone integrity, decubitus ulcers, and adverse psycho
logical response to stress. It should also be noted that, with respect to
geriatric rehabilitation, the use of restraints is inconsistent with and
frequently in conflict with the goals of rehabilitation (Hieleman 1991).

Hieleman (1991) identifies several issues that must be addressed
when weighing the option of using restraints:

• informed consent;
• risk vs. benefit analysis;
• determination of competency;
• the resident's rights and empowerment; and
• risk reduction.
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It should be noted that the use of restraints without the patient's
informed consent may be legally restricted. The Omnibus Budget
Reconciliation Act (OBRA) of 1987 strongly implies that nursing facil
ities must obtain informed consent for whatever approach is takeri to
effect resident safety. Also, the Fourteenth Amendment to the US
Constitution guarantees freedom from harm and unnecessary
restraints (Moss & LaPuma 1991).

It may be ethically permissible to override the refusal of a compe
tent patient to apply a mechanical restraint if that individual is jeop
ardizing the safety and welfare of others. In such cases, the ethical
principle of preventing harm to others supersedes the patient's right
to refuse, and the negative rights of an individual to be free from
interference ends as the autonomy of others is violated. In this case,
the professional must balance professional responsibility to an indi
vidual patient with societal and legal obligations to protect public
health (Moss & LaPuma 1991).

If restraints are used as a punitive measure, there is no ethical jus
tification for their application. Such a practice would be defined as
abusive.

When the use of restraints is consistent with treatment goals, their
application may be ethically indicated. One example is when a
restraint such as wrist cuffs is applied to prevent interference with a
life-sustaining treatment such as a nasogastric tube. In such cases, it
should be emphasized, the treatment goal is to restore the patient to
health (Moss & LaPuma 1991).

Managed care
Part of the tradition of health professionals' service toward society's
common good is based on the notion of altruism, or selfless concern
for the welfare of the patient. Patients are viewed not as customers,
but as individuals who are vulnerable and require the intervention of
the healthcare provider. In tum, physical therapists promise to meet
the health needs of the patient under the ethical principles of do no
harm and provide benefit, while fostering autonomy and justice. In
essence, the healthcare professional is a trustee who works for the
good of the client and knows the limits of his or her expertise.
However, in the current healthcare delivery system that embraces
managed care principles, this concept may be challenged, especially
when treating older patients who come to us with complex medical
and social problems that require our professional expertise and inter
ventions (Nalette 2001). As such, managed healthcare poses special
challenges in geriatric rehabilitation and ethics. One consideration is
the managed care organization, structure and function itself. In the
managed care structure, there are multiple actors with incompatible
interests. For example, the rehabilitation provider has a fiduciary
responsibility to patients, but may also be an employee of or contractor
with the organization. The organization itself may have legal and finan
cial obligations to shareholders to maintain low cost, yet an ethical obli
gation to patients to provide quality care.

Another current source of ethical conflict is the morality of
market-driven healthcare, which has the potential to threaten profes
sionalism. The introduction of market-driven practices into health
care may divide professional loyalties between providing the best
treatments in order to improve the patient's quality of life and keep
ing expenses to a min-imum by limiting services, increasing effi
ciency, and lesse-ning the amount of time spent with each patient.
The result may be that the professional must choose between the best
interests of the patient and economic survival. Frequently, reimburse
ment drives the care.

The integrity of the patient-provider relationship may also be
threatened in the current healthcare delivery climate. Focus on the
patient is the primary concern of healthcare. Managed care, however,
may threaten this relationship through policies that deny access to care,
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restrict the professional's ability to perform tests, and withhold or limit
treatment. Such policies create conflicting loyalties and undermine the
trust between provider and patient. The provider may be in the dual
and potentially conflicting positions of being guardian of society's
resources and being a primary advocate for the individual patient
(AMA 1995, Kassirer 1995, Rodwin 1995). With respect to geriatric
patients, it can be stated that, ethically, the profession may not be able
to afford to rehabilitate someone who is about to die, in which case
rehabilitation would not be effective anyway. On the other hand, it is
imperative that the professional never withholds treatment just
because a person is old. The difficulty lies in detennining who is ready
to die and who may benefit, and how much, from rehabilitation efforts.

Managed care may impact on the ethical principle of patient
autonomy, and it potentially threatens the patient's freedom of
choice. When healthcare coverage is provided as an employee or
retirement benefit, the employee's choice may be even more
restricted. In order to take advantage of healthcare coverage as a
benefit, the employee or retiree is often forced to accept a plan that
limits service access and does not meet healthcare needs. A person
has the responsibility of understanding the terms of his or her own
healthcare plan (AMA 1995,Emmanuel & Dubler 1995).

One more factor related to patient autonomy is the perceived
right to have all treatment choices funded. It is paramount to
acknowledge that autonomy does not guarantee funding. Rather,
some balance must be achieved between conserving society's health
care dollars and paying for ind-ividual healthcare needs. Providers
and elderly patients must recognize that autonomy also entails
responsibility. It obliges individuals to use resources wisely, to assist
in conserving resources, and to live a healthy lifestyle.

In 2000 and 2001, the American College of Physicians, with the
Harvard Pilgrim Health Care Ethics Program, convened a group of
patients, physicians, managed care representatives and medical ethi
cists. The purpose of the meeting was to develop a statement of ethics
for managed care. The statement that they developed offers guidance
on preserving the patient--elient relationship, patient rights and
responsibilities, confidentiality and privacy, resource allocation and
stewardship, the obligation of health plans to foster an ethical envi
ronment for the delivery of care, and the clinician's responsibility to
individual patients, the community and public health. The statement
identifies four ethical principles to address the ethical challenges
posed by limitations realized in association with managed care and
that recognize that healthcare resources should be distributed justly.
Principle I addresses the relationships that are critical in the delivery
of health services. It states that health plans, purchasers, clinicians
and patients should be characterized by respect, truthfulness, consis
tency, fairness and compassion. Principle II states that health plans,
purchasers, clinicians and the public share responsibility for the
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INTRODUCTION

The conflict between the older generation and the younger genera
tion is an age-old problem. The issue is particularly poignant in soci
eties and nations that do not venerate their seniors. Physical therapy
care in an aging world population was the subject of an editorial 19
years ago in which T. F. Williams, former Director of the National
Institute of Aging in the United States, was quoted as saying, 'Of all
human beings who have ever lived on the earth and have reached
age 65 years, the majority are alive today' (Williams 1987). 'This
statement holds significant implications for the society in general
and especially for healthcare providers and their aged patients'
(Kauffman 1988). By now, everyone has heard the demographic
litany about the increasingly aging population and the rising costs of
caring for the elderly. The problem that we, as a civilization, face is
how to handle this growing dilemma, both fiscally and ethically.

PARTISAN POLITICS

A member of the US House of Representatives addressed a group of
physical therapists at the 1996 Combined Sections Meeting of the
American Physical Therapy Association. He presented a scenario in
which a family had a choice between healthcare for a terminally ill
mother or more money for the discretionary use of the younger fam
ily members through tax savings derived from reduced healthcare
benefits for Medicare patients and pensioners. The Congressman
insisted that we must cut the healthcare benefits, even though it is
cold-hearted, because we must offer hope and a future (which is

being 'warm-hearted') to our children and grandchildren. This sim
plistic either/ or verbiage is the source of an increasingly intense gen
erational conflict that pits one generation against another.

A similar perspective was promoted by a World Bank economist
concerning the aging population in the former Soviet bloc countries of
Eastern Europe. 'I tell people in Eastern Europe that pensions policy is
impoverishing their children. The demands of pensioners are taking
food out of the mouths of working people's children' (Kohli 1996).

Dollars, euros, yen, and the other monetary units drive this con
flict, aided by partisan politics, abuse of elders by the media (Cohen
1994) and in health delivery (Commission for Healthcare Audit and
Inspection, CHAI, 2006) and sensationalism. Political concerns about
healthcare costs are heard around the world, especially in countries
with aging populations.

The generational conflict can also be seen in the workforce as mid
dle-aged and older people hold the highest paid and most authorita
tive jobs. Because those positions are occupied, younger people cannot
move up the business ladder as easily. In the US, there are approxi
mately 77 million people who were born between 1945 and 1963, the
'baby boomers'. Beneath them in age is 'generation X, born between
1964 and 1983, which is about 48 million strong (Karp & Sirias 2(01).
This is part of the demographic that is manipulated in the conflict of 'us
against them', especially because older people use more healthcare and
social security/pensioner dollars/euros (Vladeck 2(05).

DEMOGRAPHICS

According to World Health Organization data, in 2000 there were
600 million people living in the world who were aged 60 years and
older. It is projected that there will be 1.2 billion people over this age
by 2025 and 2 billion by the year 2050. This is a worldwide phenom
enon. By 2025, 75% of the aging persons will be living in the devel
oping world. The fastest growing cohort in the developed world is
that group of old-old people over the age of 80 years (WHO 2(06).

Europe was the first region in the world in which the demographic
transformation resulting from increased life expectancy was mani
fested. It has the highest proportion of old people in the world. Of 11
European countries, Italy has the highest population of people aged 65
years and older (18.6%), followed by Sweden (17%) and Germany
(16.6%)(Carpenter 2(05). Italy, with a low birth rate and rapidly aging
society, now has the oldest population of all the European countries.
They have relatively underdeveloped community care services, and
many are supported at home by extended families with minimal for
mal care (Carpenter 2(05). Despite the various languages, cultural
heritages and political histories, Europe is considered a homogeneous
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society. Nevertheless, European countries have diverse healthcare and
social care structures, and this has created a unique opportunity to
study different models of care (Carpenter 2(05).

The European Observatory on Health Care Systems recently stud
ied health delivery systems in eight different countries, all of which
provide some type of universal healthcare financed through public
funding (Dixon & Mossialos 2002). It is interesting to note that
Australians have bipartisan support for improving access and equity
for its Medicare system, which is a more comprehensive program
than it is in the US. However, the impact of the aging population and
how to provide care were acknowledged challenges for health sys
tems in New Zealand and the European Union, especially Denmark,
France and Sweden.

The European Union recently funded the Aged in Home Care
project, which included the development of the inter Resident
Assessment Instrument (interRAI), which assesses the needs of older
people. It is now in use in over 30 countries and has the potential to
improve the understanding and measurement of effectiveness, effi
ciency and quality of care of healthcare services provided to people
of various ages in different settings (Carpenter 2005).

Living Well in Later Life, A review of progress against the National
Framework for Older People (Commission for Healthcare Audit and
Inspection, CHAI, 2006)was an effort to look at social and health serv
ices for the elderly in the UK. In its framework, data are presented that
can be interpreted from generational differences. People 65 years old
and older account for 16% of the population in the UK, but they use
almost two-thirds of general and acute hospital beds. In 2003/4, 43%or
£16 billion, of the National Health Service's (NHS) budget was con
sumed by the same age group. Similarly, 44% or f:7billion of the social
services budget was spent for this same age group. This official govern
ment report was met with criticism because of the '... "patronising and
thoughtless" manner in which NHS hospitals and care institutions treat
older patients'. It was noted that the ruling Labour party featured bet
ter care for the elderly and that may not be happening (Laurance 2006).

The need to grapple with these demographic and financial issues
is very real. Across the European Union, 80% of social protection
expenditures are for old-age pensioners (Watson 1995).

A similar trend is occurring in the US, where the over-85 age group
is growing the fastest. Currently, in the US, there are 36 million people
aged 65 years and over, and 4.5 million over 85 years. By the year 2050,
both these populations will have increased significantly with 80 mil
lion people aged 65 years and older and 20 million people over the age
of 85 (Louria 2(05). Researchers in Europe have found that, in industri
alized countries, the population of centenarians has doubled each
decade since 1950 (Kinsella 2(05). Adding to the Medicare problem is
the looming postwar baby boom cohort, which reaches retirement age
beginning in 2010. Someone retiring today can anticipate spending
25-29% of their adult life in retirement but, with increasing longevity to
95 years, this percentage increases to 40% (Louria 2(05), Compounding
the problem further is the fact that the US birth rate reached unprece
dented lows in the mid-1970s (Yeas 1994), which means that the tax
paying workforce will be smaller when the mandated social costs are
likely to be the highest ever. Ifcurrent retirement trends continue, there
will be a shortage of workers by 2025 (Vladeck 2005).

POLITICAL DECISIONS

The zenith of the generational conflict in the US occurred in November
1995.That was when the American people suffered through the deba
cle of the closing down of the US government. The closure occurred
because it was announced by some that Medicare, the American old
age healthcare system, would be bankrupt by the year 2000 or

shortly thereafter. The impasse resulted because of partisan political
maneuvering by a Congress that wanted to cut costs and to eliminate
the US federal debt in order to save something for future generations.
Blocking this move was President Clinton, who wanted to protect the
healthcare benefits for the elderly.

In November 2005, the administrator of the Centers for Medicare
and Medicaid Services (CMS) released an updated physician fee sched
ule, indicating that payment rates per service for physicians' services
will be reduced by 4.4% for 2006. 'The existing law calls for a decrease
in payment rates for physicians in response to continued rapid
increases in use of services and spending growth, and Medicare does
not have the authority to change this', said CMS Administrator Mark
B. McClellan. Similar changes in fee schedules have also affected
rehabilitation services, with reimbursement for physical therapy
services decreasing. This presents a challenge to healthcare providers
who are dedicated to providing the best quality of care, but with
diminishing financial resources (CMS 2(05).

In the UK, the demographic reality has also had an impact on
access to universal healthcare. Shortages of primary care providers
are a factor (Dixon & Mossialos 2(02). Young (1996) indicated that
the pressure for shorter lengths of stay has reduced rehabilitation
services for the elderly. A projected deficit of nearly £800 million has
worsened the care especially for the elderly (Laurance 2006).

It is a profound truth that democratic governments built on con
sensus and compromise must painfully allocate limited resources to
numerous mandated, needy and exigent programs and projects.

FORMER SOVIET BLOC

The difficulty of developing workable and ethical solutions to prob
lems of healthcare and aging may be greater in the countries of the for
mer Soviet bloc. The paternalistic system of government provided
many social supports for retirees, including freehealthcare and med
ications, which improved life expectancy in the 1980s. However, many
societal changes took place after the fall of the Communist system. In
Russia, life expectancy for males dropped to 57.6 years during the
7 years between 1987 and 1994. This was attributed to a variety of rea
sons including environmental degradation, accidents, excessive alco
hol use, poor diet and deterioration in health services (Kinsella 2005).
In the present period of transition, the rehabilitation possibilities in
Hungary, for example, are limited by few resources and few health
care specialists, which may account for the extensive use of medica
tion there (Blasszauer 1994). In Georgia (in the former Soviet Union),
only 0.59% of the gross domestic product (GOP) was spent on health
care in 1999, and only 22% of healthcare expenses were covered by
state or municipal budgets or insurance.

PARADIGM SHIFT

The drawing here (Fig. 76.1), by the German artist Bernd Stolz, illus
trates the problem by depicting the weight (or burden) of the young
and the old resting upon the shoulders of healthy, young, working
adults. The question to be answered is, must the generational difference
be viewed as an either/or situation? The answer is no. What if the head
lines in the newspapers reported that nearly 100%of education costs go
to persons under the age of 19 years? Should pensioners in the UK stop
paying community charges and other taxes that benefit younger per
sons? Public education in the US is funded largely by real estate taxes
on property owners. Some fixed-income Medicare retirees must sell
their homes because they can no longer afford their real estate taxes.

In the US, the federal government spends about 40% of its budget
on services that go mostly to older people for the benefits of social



Figure 76.1 Bernd Stolz, 1996.

security, Medicare, Medicaid and veterans. In contrast, state and
local governments spend about 37% of their budgets on benefits to
the younger population in the form of education at all levels and
criminal justice (VIadeck 2005).When the debate about the costs for
healthcare and social care for the elderly are couched in terms of gen
erational conflict, these data on spending levels are not included.

Harbingers of doom aside, not all the information is catastrophic.
First, although the population of the world is aging, the morbidity of
the aging population is being compressed into a shorter time period
(Mor 2005). Of persons in the USover the age of 85 years, 80%are not
living in nursing homes, and half of the over-85-year-old patients in
nursing homes are there because of chronic conditions that have
definable and modifiable antecedent risk factors (Lubitz et al 1995).
Although studies in the nineteenth century demonstrated that the
death rate increased exponentially with age, more recent studies
have found a decline in mortality at age 80 years and older, and the
age of mortality deceleration is rising. This creates a society of older
people with healthy attributes (Kinsella 2005).This means that peo
ple are living longer and healthier lives. This, it is hoped, will reduce
the per capita cost. That is, adding years to life does not automati
cally mean adding excessive cost to the system. This presents a
promising scenario for counteracting the costs of an aging society for
future decades and centuries. Although old and very old people may
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return to work out of financial necessity, many may return as healthy,
involved, active and productive members of society, thereby helping
to counteract the shrinking workforce and the financial burden on
this workforce (Louria 2005).

Lubitz et al (1995) took a sample of actual 1990Medicare costs and
simulated lifetime costs for people who became Medicare beneficiaries
in that year and for people who will enter the system in 2020. These
writers suggested that the effect of increased longevity on Medicare
cost per individual may be minimal, even though the overall costs will,
of course, increase because of the greater number of enrollees. Physical
therapy, both rehabilitative and preventive, is integral to the compres
sion of morbidity and, thus, to the control of costs.

The trend toward home healthcare (Dall1994), which should clearly
involve rehabilitation care, may help to reduce costs to the system and
possibly to preserve individual dignity and family integrity (Allert et aI
1994).However, the trend is not without problems. It shifts the costs to
families, which already provide the majority of care for the elderly
(Topinkova 1994),and it may increase stress on the caregivers. Over the
past 20 years, the population of people aged 75 years and older has
increased by two-thirds, but the use of nursing homes has only
increased minimally. This can be attributed to the increase in commu
nity-based alternatives to long-term care as well as the improved
health of old people. Despite the current trend toward less frequent
and later child-bearing, growing longevity is leading toward families
with three and four surviving generations. As baby boomers age, there
is now a large population of older people with surviving adult chil
dren. Baby boomers are moving quickly between childcare responsi
bilities and caring for aging parents. What will happen as the baby
boom generation, who outnumber their children, continues to age
(Vladeck 2(05)? Recognizing these increased burdens on families, a
plan was designed in Germany to help families to offset these addi
tional costs, but the demand exceeded what the system could manage
(Karcher 1995). Also, family structures are changing as more women
enter the workforce, and social and international mobility is increasing
(McCormick & Rubenstein 1995). Better screening of individuals
through the use of a geriatric intermediate-care facilitymay help to pre
dict those who are likely to be discharged home and, thus, to prevent
institutionalization. However, this study conducted in Japan did not
deal with the changing structure of the family and workforce (lshizaki
et aI 1995).

THE ROLE OF HEALTHCARE PROVIDERS

Healthcare providers are very much involved in the entire process.
We are involved as caregivers with our patients and our families. We
are involved as researchers hoping to find better ways of providing
the best possible care within the social structures and financial con
straints of each country, and we share that information through this
text and many others. We are involved as citizens, hoping that our
governments will listen to our needs and the needs of our patients.
We, as healthcare providers, are the future elderly ourselves. We can
look forward to living longer and healthier lives than past genera
tions. For these reasons, it is crucial that we voice our concerns,
needs, and ideas for our future. We are seeking the wisdom and abil
ity to amalgamate our personal interests with our professional inter
ests and the interests of our societies. However, Binstock (1986),past
president of the Gerontological Society of America, reminds us of an
enduring and universal truth: 'Politics, not research, will resolve value
conflicts regarding the nature and extent of hardship and what actions,
if any, governments should undertake to alleviate hardships'. Maybe
we need to remind our politicians that 'When, due to financial restric
tions, resources are allocated in a hard and pitiless manner, society's
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response to its vulnerable old and ill members becomes an even greater
sign of its humaneness' (Allert et al1994).

NO EASY ANSWERS

The determination to remain independent despite the travails of age
related pathology and the fear of becoming a burden on family and
society is an attitude that correlates with the compression of morbid
ity. This phenomenon of aging has forced society to consider issues
such as advance directives or living wills and do-not-resuscitate
orders. Hesse (1995) reported that, in persons 85 years old and older,
during terminal hospitalizations, there have been significant declines
in high-intensity medical interventions such as cardiopulmonary
resuscitation, invasive tests and minor surgery. Requiring consent
to treatment may reduce undesired and costly medical and surgical
interventions. Palliative care must be maintained out of human
decency, and this requires physical therapy for comfort and for
pain control. At this time, there is very little support for the
highly emotional subjects of euthanasia, (deliberate acts that lead
directly to death) or assisted suicide (the provision to a knowing
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INTRODUCTION

In the United States, the rehabilitation of geriatric patients takes
place largely within the Medicare and Medicaid systems. As the
population ages, the systems have become an increasingly partisan
political battleground with a moderate to high level of distrust, frus
tration and confusion among the various players on the field, includ
ing the beneficiaries and their advocates, lobbyists and families; the
care providers, both individuals and institutions: the insurance com
panies; and the politicians and regulatory bureaucrats.

There is some justification for this sociopolitical quagmire because
the Medicare and Medicaid systems are large, changing and expen
sive. Over 42 million people are covered by the Medicare system,
and Medicaid enrollees amount to over 44 million beneficiaries, of
whom almost half are children (Centers for Medicare & Medicaid
Services (CMS) 2(05). Medicare accounts for about one-third of all
payments to hospitals and one-fifth of payments to physicians. In
1999,over $387 billion were spent on personal healthcare by people
aged 65 years and older (Keehan et al 2004). The Medicare system
paid 46% and Medicaid 15% of these costs. Including all healthcare
programs directed by the CMS, the cost in 2004 to the federal govern
ment was $449.9 billion or 19.6%of the federal budget (CMS 2005).

The alarm about Medicare costs and expenditures has been ring
ing for almost two decades because of the looming demographic
shift of the initial wave of postwar baby boomers reaching Medicare
age in the year 2011. The good news is that the average rise in
Medicare costs started to decline in 1996 (Keehan et a12004) and con
tinued to decline through 2004 (CMS News 2006). This may be due

to changes in the health insurance system (Keehan et a12004) or pos
sibly improved lifestyle habits which compress morbidity (Hubert
et aI2oo2).

The bad news is that the system is mired in a political debate about
the future based on demographics. At this time, the population of
Americans who are 65 years old or older is just under 13% of the
total. The percentage is projected to increase to 15.7% by 2019 and to
21.3% by 2049 (Keehan et aI2004). Unfortunately, the political rheto
ric offers solutions of cutting costs, stopping fraud, more choices/
options and reducing (rationing) services. Because there will be
more Medicare beneficiaries, this does not mean there will be more
services. This debate and failure to solve this demographic impera
tive have been ongoing for decades (see Binstock & Post 1991).

HISTORY

The bill that initiated the Medicare program was signed into law by
President Lyndon Johnson on July 3 1965. Symbolically, he signed
the bill at the Truman Library in Independence, Missouri, because
President Harry Truman had publicly endorsed and fought for gov
ernrnent health insurance in the 1940s and 1950s. Interestingly, at
that time, then Senator Lyndon Johnson was only one of several
southern Democratic senators who supported President Truman's
legislative effort. Truman's ideas were not new, as they were based
on European hospital insurance models that were shaped at the turn
of the century. Truman's proposals were defeated by Congress in
1951,but the tenets were debated and reworked during the Eisenhower
administrations, which offered scaled-down alternatives under the
name'medicare'.

As President, John Kennedy determined that hospital healthcare for
the aged was 'must have' legislation. Introduced by Representative
Cecil King (Democrat, California) and Senator Clinton Anderson
(Democrat, New Mexico), the bill was blocked by opponents, includ
ing Senator Wilbur Mills (Democrat, Arizona). Kennedy's death and
Johnson's landslide victory in 1964 led to a new makeup of Congress.
By then, Mills not only supported the Anderson-King Bill (hospital
insurance, now known as Medicare Part A), he also expanded it to
outpatient services (now known as Medicare Part B).Thus, Title XVIII
of the Social Security Act became the law of the land, and the Medicare
system went into effect 11 months later on 1 July 1966.

The Medicaid legislation was also enacted in 1965 as Title XIX to
provide for a combined federal and state program for poor families.
Medicaid covers children and some long-term care service, but it
varies with the state (Moon 1995, Poen 1996).
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Figure 77.1 The key players in the Medicare system are in all
three branches of the federal government.

THE KEY PLAYERS

The American government is based on a system of checks and bal
ances, so it should be no surprise that this comes into play within the
Medicare system too. The key players are in all three branches of the
government, as shown in Fig. 77.1. First of all, Congress enacted the
legislation that authorized the Medicare system. Congress can and
does alter the system by passing new laws; indeed, the Balanced
Budget Act (BBA) of 1997has had a strong impact on geriatric reha
bilitation. Prior to passage of the BBA, there were almost 11 000home
health agenciesand, by 2004, the number was reduced to 7519 (Keehan
et al 2004). Likewise, the Medicare Modernization Act of 2003
expanded the Medicare program to a new option called Medicare
Part D for drug coverage. This also carries a premium projected to be
an average of $32.20,per month depending upon the choiceof cover
age. This new elective program is administered by the Supplemental
Medical Insurance Trust (Hoffman et al 2005).

A second and equal player is the Chief Executive, or President,
who signs the legislative bills into law. The President is responsible
for executing the law. This is done by asking the appropriate execu
tive branch department to implement the wishes of Congress. In
1965, it was John Gardner, the Secretary of Health, Education and
Welfare, who was responsible for promulgating the regulations
to implement the grand idea of providing healthcare to elderly
Americans. In 1980, during the Jimmy Carter administration, the
Department of Health, Education and Welfare was dismantled, and
the new Health and Human Services Department emerged. Thus,
the law comes from the Congress and the regulations come from the
Department of Health and Human Services (HHS). Most changes in
the Medicare system now take place through the regulatory process.

Shortly after the inception of the Medicare system, the Department
of Health, Education and Welfare recognized that it did not have
expertise in administering the financial aspect of federally mandated
healthcare programs. Thus, the Health Care Financing Administration
(HCFA) became a new federal agency, and it oversaw all the finan
cial aspects of the Medicare and Medicaid systems and the regula
tory process. In 2001,HHS Secretary Tommy Thompson reorganized
the system and changed the name to Centers for Medicare &
Medicaid Services (CMS). In today's healthcare arena, it appears at
times that CMS's purpose is to control costs, not to assist in the deliv
ery of care.

CMS is not designed as an insurance company, so it contracts with
private insurance companies to administer the Medicare regulations
and to handle the reimbursement and healthcare delivery processes.
These fiscal intermediaries, or insurance companies, also reinterpret
and implement the Medicare regulations that come from the
Department of Health and Human Services and from CSM. The
intermediaries will, at times, release guidelines for implementing the
regulations.

There is no single fiscalintermediary for theentire Medicare system.
Thus, the interpretation of the regulations is not uniform. This
causes some confusion among care providers and patients, espe
cially as they move from one location to another in the United States.
Further confounding the situation is the tendency toward larger and
larger business organizations for healthcare delivery; thus, one may
be providing rehabilitation services in Massachusetts when the
Medicare intermediary is located in Tennessee. Also, the healthcare
provider companies may further refine and make declarations in
writing concerning what is coverable or allowable according to their
interpretations of the intermediary guidelines or CMS regulations.

Several other government agencies are involved in overseeing the
implementation of the Medicare system too. They are the US General
Accounting Office (GAO), which is occasionally funded to review
the system to determine its appropriateness. For example, the GAO
released a report (GAOl HRD-87-91) in July 1987that has had a pro
found effect upon geriatric rehabilitation. It said that rehabilitation
services were being paid for by the Medicare system without receipt
of adequate information. This was the major justification for the
tightening of requirements for documentation. Another very impor
tant report (GAOl PEMD-93-97) was released by the GAO in August
1993;it found that the methods being used by four Medicare carriers
to pay claims under the supplemental medical insurance program,
or Medicare Part B, were not effective in determining whether the
medical care was appropriate or not. Thus, since this report, greater
emphasis has been placed on establishing medical necessity.

Also, the Office of the Inspector General of the Department of
Health and Human Services is at times called upon to review the
implementation of the Medicare system. Additionally, the Office of
Management and Budget and the Congressional Budget Office are
involved in auditing the Medicare programs and forecasting future
expenses.

A third equal player in the Medicare system is the judiciary branch,
as lawsuits are brought by Medicare beneficiaries or plaintiffs
against the Medicare system. A major case was the Foxv. Bowen deci
sion in 1986,which had a profound impact upon outpatient geriatric
rehabilitation by implementing screens or edits that delimited the
length and number of treatments allowable according to diagnosis.

SOCIAL SECURITY TRUST FUNDS

As mentioned above, during the historic debate over the Medicare
legislation, the initial thrust was to provide hospital insurance, with
acute care benefits in mind. This is administered under the Hospital
Insurance Trust Fund (HI) and is best recognized as Medicare Part A.
Currently, Medicare beneficiaries are required to pay $952 (up from
$764in 1998)as a deductible for the first day in the hospital. After 61
days, a co-payment is implemented at $238(up from $191.00in 1998)
until day 90, after which the co-payment increases to $476 (up from
$382 in 1998). HI, or Medicare Part A, also pays for 'inpatient' care
and services provided in a patient's home if there is reasonable reha
bilitation potential and the patient is currently housebound. This
will be discussed in further detail later. Hospice care is usually Part
Aas well.



As mentioned above, in its historic context, the Medicare Part B
system, or Supplemental Medical Insurance (SMI),was added to the
legislative effort late in the process. It provided for outpatient ser
vices. In addition to these two social security trust funds, there are
the Old Age and Survivors Insurance (OASI) and Disability
Insurance. The most well-recognized social security payment system
falls under the OASI program. This is the program to which employ
ers and employees contribute and, upon retirement or if the worker
dies, payment is made to the employee or to his or her survivors
respectively. At the present time, one can retire at age 65 years and
receive full social security benefits; the age will rise to 67 years by the
year 2027. The OASI, or social security fund, currently brings in
more money through payroll deduction taxes than it spends. This
payroll deduction tax is 6.2%, which is deducted from employees'
wages, plus an additional 6.2%, which is contributed by employers.
This amounts to a payroll deduction tax of 12.4% to support the
OAS!. Further, the Medicare Hospital Insurance Trust Fund is sup
ported by an additional payroll deduction tax amounting to 2.9%,
which is split evenly between the employee and the employer, com
ing to a contribution of 1.45% from each. At this time, the Hospital
Insurance Trust Fund for Medicare Part A is also solvent but is the
focus of major political and public discussion.

The Medicare Part Bsystem, or SMI trust fund, is supported by the
payment of premiums by beneficiaries. Typically, when an individ
ual turns 65 years of age, he or she is able to receive retirement
benefits under the OASI system. At that time, the Medicare retiree
receives the Hospital Insurance Part A protection without any
further financial outlay. However, the Medicare Part B system is
financed by a deduction from the social security retirement amount
as a premium payment for the SMI or Part B insurance. In 1966, this
SMI premium amounted to $3.00 per month and, by 1996, this
premium amount had increased to $42.50. In 1997/8, the amount
rose to $43.80 and is now $88.50 in 2006. The increased monthly
Part B premiums are projected to bring improved outpatient
care, especially for mammograms, pap smears, prostate and colorec
tal cancer screening, some bone mass measurements and diabetes
self-management. There is a great deal of discussion about this
changing amount and possibly attaching it to a means test or allow
ing people to opt out of the system. At the present time, Medicare
Part Bpays for 80%of allowable expenses and carries a $124 annual
deductible.

CRITERIA FOR MEDICARE REIMBURSEMENT

Geriatric rehabilitation services are covered by the Medicare system
when there is an expectation of restoring the patient's level of function
if it has been compromised by an injury or illness. Repetitive care to
maintain a level of function is not eligible for reimbursement. It is
crucial to have an appropriate diagnosis, with specific treatment
goals, both short term and long term. The frequency of treatment
should be enumerated and, for Part A, there is a minimum of 5 days
per week. In most rehabilitation units, treatment takes place twice
daily for a minimum of 4 hours at least 5 days a week, sometimes 7
days a week. For Medicare Part B,rehabilitation services are supposed
to take place at least three times per week; however, this regulatory
perspective has become very difficult to achieve in the outpatient
setting as Congress and HHS have established a cap or limit on Part
Bservices of $1740starting in 2006.Obviously, both these guidelines
may have to be modified in order to meet the individual patient's ill
nesses, schedules, and other confounding factors in the delivery of
healthcare. These confounding situations should be recorded in the
patient's chart.
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Figure 77.2 The delineation between Part A and Part Bof
Medicare should not bebased on the skilled natureof the services,
but should bebased on sociomedical decisions that determine the
place of care. SNF, skilled nursing facility; LTC, long-termcare; ICF,
intermediate care facility.

MEDICARE PARTS A AND B: THE CONFUSION

As stated above, Medicare Part A is a hospital insurance; however,
services under the HI trust fund may be rendered in a hospital, reha
bilitation unit, hospice system, skilled nursing facility or home
healthcare situation. In contrast, coverage under Medicare Part B
may take place in an outpatient setting in the hospital, a patient's
home, an extended care facility,rehabilitation agency, comprehensive
outpatient rehabilitation facility (CORF) or other outpatient treat
ment center. Additionally, it may be rendered to an Individual who is
living in a skilled nursing facility in a long-term care setting. Thus,
the strict nomenclature of inpatient vs. outpatient care is not fully
appropriate. This continuum of healthcare under the Medicare sys
tem is shown in Fig. 77.2. From the rehabilitation perspective, there
should be no difference in the sophistication of the level of care ren
dered to a patient, whether it falls under Part A or Part B.The differ
entiation arises only from the sociomedical factors that necessitate
inpatient rather than outpatient care.

HOME HEALTH SERVICES

Geriatric rehabilitation taking place in the home is largely a result of
legislative and regulatory decisions made in the 198Os. At that time,
the prospective payment system (PPS) with diagnosis-related groups
(ORGs) was enacted, which encouraged hospitals to discharge people
as quickly as possible. The concept behind this PPS was that the effi
cient hospitals would benefit and the inefficient hospitals would suf
fer financial demise. However, as the late Senator John Heinz reported,
the ORG system encouraged patients to leave hospitals 'sicker and
quicker'.

As a result, the home healthcare industry grew so rapidly that, by
the late 19905, it had become a major concern for budget watchers
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because of the increase in home healthcare costs. Home health services
are usually covered under Medicare Part A, provided certain criteria
are met. As stated above, the patient must have an appropriate diag
nosis, and there should be a reasonable expectation that the patient
will recover from the condition. Obviously, in the geriatric setting, the
functional declines are not always clearly attributable to an acute
episode, and this creates some ambiguity about medical necessity.

A person who requires skilled rehabilitative services must be deter
mined to be confined to home in order to receive home healthcare.
Also, the physician must certify that the patient is confined to home.
If the patient is able to leave home, it should be achievable only with
considerable and taxing effort. The patient may leave home for short
durations to obtain medical care such as outpatient dialysis,
chemotherapy, radiation or for an occasional trip to a barber or a
walk or drive around the block.

Further, the patient is considered housebound if he or she has a con
dition or illness that restricts the ability to leave home except with assis
tance from another person or requires special transportation, or leaving
home is contraindicated. Any condition such as a stroke that may cause
the loss of the use of the upper extremities so that the patient is unable
to open doors or use handrails will fit the criteria of being housebound.
Posthospital care with resultant asthenia or weakness, pain or other
medical conditions that restrict activities also qualify the patient for
home healthcare. For example, a person with atherosclerotic cardiovas
cular disease may have cardiac risk with physical activity and should
not be leaving home. Additionally, a psychiatric problem in which a
patient refuses to leave home or a circumstance in which it is unsafe to
leave a person unattended may qualify the person as housebound.

The patient is not confined to home if he or she has the ability to
obtain healthcare in an outpatient setting. The aged person who does
not often travel from home because of feebleness and insecurity
brought on by advanced age would not be considered to be house
bound for the purposes of receiving home health services unless he
or she meets one of the above conditions.

THE MEDICAID SYSTEM

The Medicaid system is a federally mandated program under Title
XIX, which is administered by the individual states, so there is
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INTRODUCTION

Death and Dying
Death is afinite moment

known onlytoGod
Dying isa process that

Everyone does differently anduniquely.
Death is a victory

A giftfrom Jesus on thecross
Dying isa plethora ofemotions

frustration
inconsistent days

some joyful
some angry
some, maybe many, in pain
orsome days when youjust sense
an overall loss ofwellness

Death is thefinal goodbye to lifeonearth
asweknow it

Dyingis thegoodbyes to people, events, yes,even things close to
you.

The hardest andmostoverwhelming goodbye to me is leaving
my children

Their careers I'll not see develop andflourish
Their weddings I'll never participate in
The grandchildren I'll never hold orspoil andofcourse

other immediate family, friends, colleagues, places
I've traveled, forests, waterfalls, lakes, flowers, mountains,

rustic roads, parks, oceans, my cats, Tabitha and
Magnum, my stuffed animals, and more andmore.

Death is ourgreatest victory
propelling us to a peace beyond ourown understanding.

Dyingis thevehicle thattransports us, notalways a smooth
and tranquil ride butat journey's end remains the
promise ofa safe arrival.

Lynn Phillippi, written at Linen & Lace B&B, June 26, 1997

These words were composed by Lynn Phillippi who wrote Chapter
65 in the first edition of this book. Struggling with her own medical
problems and shortly before her own death, Lynn Phillippi com
posed these words as well as her other contribution to the first edi
tion, which was revised for Chapter 63 of this edition. As Lynn
noted, death is but a finite moment, and each person's death is dif
ferent and unique. As healthcare providers to geriatric patients, we
are faced with the reality of patients dying, but the process and tim
ing of that moment are not always simple or clearly delineated.
Therein lies a difficult and ethical problem, especially with the acute
care model dictated by the US Medicare system. That is, when
should rehabilitation services be stopped? This question does not
concern medical or nursing services because Medicare requirements
are not the same as rehabilitation, which is '...performed with the
expectation of restoring the patient's level of function which has
been lost or reduced by injury or illness'. But the dying process is
often protracted, filled with repetitive losses and rebounds as the
progressive decline and downward spiral transpire, so rehabilitation
should be refined to meet the changing needs of increasingly frail
and debilitated patients. In these commonly occurring cases, the
purposes of rehabilitation are to assist the patient and other care
givers with quality of life issues such as pain control, positioning,
mobility, handling, and toileting, and to provide dignity to a human
being and his or her family.

THE END OF LIFE

When does the end of life start - after the second stroke or when a
terminal illness is diagnosed, or when a person is admitted to an
extended care facility or when a doctor says so...? In an abstract
way, the end of life may start at the time of birth, and luck, choice,
and genetics determine how long the involution will be. Most
healthcare providers in the field of geriatrics recognize when a
patient is approaching the end of life; but most also realize that some
patients will 'hang on' for days, months or even years. Therefore, to
withdraw rehabilitation services too early or to deny those services
may approach neglect or abuse, especially if rehabilitation specialists
are not consulted.
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Admittedly, constraints such as patient potential exist, but the deci
sion should be arrived at by the family, care providers, physicians and
rehabilitation specialists with due consideration given to pathology,
family and patient desires, availability of services and financial reali
ties. Included among the family's and patient's desires are sociological
differences, for the end of life is surrounded by a variety of habits,
beliefs, customs and values. Culture and religion are crucial consider
ations that influence the provision of healthcare to people as they
approach death.

PALLIATIVE CARE

When a patient has little or no potential or refuses rehabilitative care,
then respect, dignity and physical as well as emotional comfort must be
given freely by all ethical people who come into contact with this
human being. At such a time, rehabilitation for the purpose of restoring
or recovering function is obviously not appropriate; however, pallia
tive care is. Palliation simply means moderating the intensity of pain
or offering care or services that will allow for a better quality of life at
the time when life is ending. Often, care is directed toward the dying
patient's family as much as it is given to the patient. For example, the
family might need help in accepting the harsh and sad reality of the
impending expiration.

In palliative care, an interdisciplinary team including nurses,
social workers, physical therapists, pastoral counselors, family ther
apists and physicians usually provides the better services. Family
members are crucial members of this team. The desired outcome is a
'good death', which is defined as '...one that is free from avoidable
distress and suffering for the patients, families and caregivers: in
general accord with the patients' and families' wishes; and reason
ably consistent with clinical, cultural and ethical standards' (Field &
Cassel 1997).

Emanuel and associates (2001)developed the needs at the end-of
life screening tool (NEST), which is concerned with four areas: (i)
needs that are social, financial, caregiving and access to care; (ii) exis
tential needs that are spiritual, purpose, distress and settledness; (iii)
symptoms that are physical and mental; and (iv) therapeutic needs
that are relationship, information and goals of care (Emanuel et al
2001).These categories of care may be helpful for all members of the
team and may enable a 'good death' (Della-Santina & Bernstein
2004).Emanuel et al (2004)reported that talking in a structured inter
view with terminally ill patients and their caregivers caused little or
no stress in nearly 90% of their subjects and that nearly 50% found it
to be helpful. These researchers found the interview to be helpful,
especially for ethnic minorities and persons who were anxious. Over
50% of dying patients who were having difficulty in coming to
closure with family and friends reported that the discussion was
helpful.

Appropriate services from a physical or occupational therapist
may help with proper positioning or mobility in bed, with sitting,
and with assisting to toilet. Speech therapy may be helpful for teach
ing swallowing, mouth care and communication modifications.
Perhaps at this stage of life, the end, the ability to communicate at
any level is a most crucial need, especially for the sake of family and
intimate friends.

Palliative care is not something that is done only at the end of life.
Efforts to moderate the intensity of pain and minimize functional lim
itations and impairment would have been made prior to clinical
recognition that the patient has poor rehabilitative potential and is
approaching the end of life.So rehabilitative and palliative care are not
mutually exclusive but are on a continuum, with the emphasis on cur
ative recovery of function lost lying at one end of the spectrum and on

comfort and moderating the intensity of pain lying at the other, when
restoration is unlikely or impossible.

This concept of the continuum of rehabilitation/palliation fits well
within the parameters of the Guide to Physical Therapist Practice
(1997),especially with the roles of the physical therapist in consulta
tion and communication. The interventions of coordination and
communication are particularly pertinent, as they can be used to
coordinate care of the patient with family, significant others, care
givers and other professionals. This involves instruction in proper
procedures and techniques but holds quality of life issues and palli
ation as the focus. The American Physical Therapy Association
(APTA 2005) recently released an Emerging PT Practice: No. 13,
which validates the purpose of physical therapy care at the end of
life in the hospice setting.

THE ROLE OF REHABILITATION

Because each individual patient and family approaches the dying
process with a different set of medical, spiritual and physical needs,
the role of rehabilitation must be varied. In the early stages, mobility
is an important treatment consideration, and thus typical gait, bal
ance and therapeutic strengthening exercises may be appropriate.
The use of assistive devices for balance, safety, pain reduction
and joint protection may enable the patient to maintain a sense of
independence and involvement in life's activities. Joint protection
with the use of an orthotic or splint may enhance functional capacity
and, as a patient becomes more confined to bed, it may be used to pre
vent painful and disfiguring contractures, swelling or pressure areas.

Therapeutic exercise to maintain breathing capacity and exercise
tolerance is useful. The inability to breathe is frightening and can
usually be controlled until the very last days or hours of life. Exercise
tolerance should be aimed at sitting up on the bedside or in an easy
chair or wheelchair. The world looks better from an upright posture,
and the patient may be able to eat or at least sit at a meal with family
and friends. Breathing and eating may be easier in the upright
position.

Adaptive equipment for eating, dressing and bathing may help to
maintain independence and a sense of self-worth. A wheelchair is most
useful for transport and to conserve energy; however, it can cause
injury or at least pain and fatigue if it is ill-fitted. Pressure areas can
occur, and edema may result in dependent extremities. A poorly fitted
wheelchair or prolonged sitting encourages kyphosis of the spine,
which can cause back pain, reduce chest expansion for breathing and
compress the abdomen, making eating more difficult.

Pain management for the terminally ill patient usually involves
medication, especially narcotics. Some patients and their families
choose not to use these types of medications because of their beliefs or
because of the lightheadedness or drowsiness that results. The physi
cal modalities of the various heat or cold applications and electrical
stimulation are beneficial, although realistic expectations are requisite.
The effects of the portable and easily used transcutaneous electrical
nerve stimulator (TENS)are less potent and not identical to the effects
of a dose of morphine, but they are of value. The physical modalities
are described in more detail in Chapter 68,Conservative Interventions
for Pain Control.

Range of motion exercises help to control pain and to prevent con
tractures, stiffness and pressure areas. These can often be taught to
family members; that way, they have an opportunity to participate in
the care of their loved one rather than being just bystanders. Further,
these exercises require physical contact, which is an important
human need that may be lost to the dying patient because of medical
interventions or simply because family members do not know



whether or not handling will cause harm. Gentle massage is thera
peutic too, both physically and emotionally.

EMOTIONS

When providing medical care, be it curative or palliative, it is vital to
remember that patients and their families have real emotions that
must be considered. Bereavement is a process that starts before death
and continues after it. The family and intimate friends are facing a
loss, sometimes one that they are not ready to accept, and denial is a
common coping mechanism. Denial may be used by the patient, too,
and that can impede the more important acts of completing one's life
work, settling one's affairs and saying goodbyes. When working with
a patient and family members at a time when all of them may be in
various stages of denial, it is necessary to be honest, but not brutally
so. Empathy and honesty help, especially when they come from all
members of the healthcare team and from clergy (Faulkner 1995).

Anger and frustration are also commonly encountered in a dying
patient and may be directed at family members, at God, or at some
or all of the medical care providers. Fear and guilt may also be pres
ent, for death is an unknown. Several of the world's major religions
have taught the concept of sin, and the dying person may have a
sense of guilt about the commissions or omissions of life, and may
regret the inability to do something about them in the last remaining
days. Again, empathy, honesty and dignity are important. At the end
of life, a person should feel that he or she is okay and is valued by
the medical providers as a human being until death and then as a
memory.

Many patients and families are most appreciative of anything that
can be done to provide additional comfort, dignity and worth. Therein
lies the inner strength to continue to work with patients and their fam
ilies as life completes its journey.

HOSPICE

The hospice concept developed in the 19605 in the UK; in the US, it is
now a Medicare Part A program, which usually starts when a patient is
determined by a physician to have less than 6 months left to live. A
wide variety of physical capabilities and needs are found among hos
pice patients. In the early stages of hospice care, rehabilitation services
may indeed be curative and, in the end, only palliative. The blending of
one phase into the other is usually gradual, but the consultation and
care provided by rehabilitation specialists as members of the hospice
team will maintain the quality of life at its optimal level (Della
Santina & Bernstein 2004,APTA 2005).

IMPENDING DEATH

Certain signs indicate that death will occur soon. In the final days, the
patient may become increasingly somnolent and diaphoretic, and
intake of fluids and food may nearly cease. Parenteral nutrition is not
advocated at this time; however, oral care and the use of lip salve and
ice chips is palliative (Merck 2000). The toes and fingers as well as the
nose and ears may become cyanotic as the circulation and oxygen per
fusion decline. The death rattle, a frequent cause of distress for family
members, results from bronchial congestion or palatal relaxation. U
desired, clergy should be consulted, and the family can be present and
hold hands or touch or rub the loved one to say final goodbyes. Peace,
dignity and respect must prevail.
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CONCLUSION

As LynnPhillippi wrote, 'Death is the final goodbye to life on earth'. It
is an individual experience inherent in life. Knowing what stops life
allows a better understanding of what life is. Healthcare providers to
aging and dying patients participate in this universal college fre
quently. Rehabilitative services, curative and palliative, enhance the
quality of life for the dying patient and for the patient's family.

The following words were written as I sat at the funeral of a
patient I had treated, off and on, for 8 years, both curatively and
palliatively.

The Meaning of Life
What is themeaning of life?
The answer is unclear;
And it is not thesame forall.
Part of theanswer is in death
When it is not.
Death begets life
For it is theaging, thepassage

oftimethat nourishes theyoung;
Without someone before us,

there can benone behind us.

Life is noteasy.
It isfilled withproblems,

heartaches, sadness, Yet
there isjoyabundant.

Sometimes it is hard tofind. Accept
thebad, for it is life, too. Butsearch
andfocus on thegood,

thebeauty.
It passes every day.

Those who precede usandthose
who pass through life with us
are ALWAYS present.

They livewith usforever
in ourthoughts,
ouractions,
ourlives.

In life, there is noabsolute beginning
andnoabsolute ending;
there is onlyconception andthere isdeath
which mark these times.

Butwhat preceded andfollowed these events,
both conception anddeath?

Arethelives ofloved ones
both givingandreceiving love;
sharing learning andliving.

Weare ourparents, ourspouses,
ourchildren, ourgrandparents, and
grandchildren,
andothers whoenter ourlives
sharing, learning, living, loving.

The meaning of lifeis thehere andnow,
which are builtupon what preceded and
provide forwhatfollows;

The meaning oflifeis to experience it,
thegood andthebad,

Butmost important is tofocus
on thebeauty ofits experiences.

TIm Kauffman, March, 1993
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The focus of most medical care and concern in dealing with frail elderly
patients is on the elder and their medical treatments. However, this is a
small fraction of the overall care provision for most chronically ill
elders. Well over 90% of all care to the elderly and disabled is provided
by an informal network of family, friends, and faith (Family Caregiver
Alliance 2004). This invisible network of support and help sustains
most elders through their aging years.

INFORMAL NETWORKS

Dissecting the major realms of this invisible caregiver network, family
is usually primary. Family includes the spouse, children and siblings.
Generally, the family is faced with determining the type of living
arrangements and has the responsibility of most formal decisions.
Friends may be lifelong acquaintances or neighbors who may find
their simple acts of kindness tum into an ongoing, often reluctant role.
Shoveling a heavy snowfall may gradually tum into routine home
maintenance, to transportation, to medical advocate and some form of
communication conduit with the family. It is difficult for these good
Samaritans to say they wish to decrease or terminate their services.
The third variable, faith, is generally a more distant role than family
and friends. However, the rise of parish nursing programs is a method
for faith communities to acknowledge their own important role in
caregiving.

The informal caregiver network is faced with multiple, conflicting
issues. In the case of spouses, friends and some faith providers, the
caregiver is often at least as old as the person requiring help. These pe0
ple are often ill equipped to deal with comorbid conditions of aging
elders. This informal network begins to fail when chronic illnesses
progress and difficult behaviors arise, causing a frail elder to wear

out their caregivers and begin to outlive their own assets. Such is the
testament for many admissions to skilled nursing facilities.

As part of the clinical team treating frail elders, therapists must
develop a broader perspective of whom and what supports each
patient. Given the multiple demands and stresses that equate with
caregiving, therapists should monitor and assess the well-being of the
caregivers for older patients. Often, the overwhelming burden of care
giving places a risk on the caregiver becoming a patient too.

It is well documented that caregivers are at a high risk of develop
ing disorders such as depression and anxiety, which may contribute
to hostility toward, and even abuse of, the difficult or demented
elder. Furthermore, the risk of caregivers developing depression and
their own physically debilitating symptoms increases with increased
caregiver burden (Schultz et al 1995).

SOCIETAL VIEWPOINTS

Societal pressures and the stigma of skilled nursing facilities place
pressure on informal caregivers to provide care to the elder in home
and community settings. There is a general belief that all senior citi
zens desire to grow old and eventually die in their lifelong home. This,
like most stereotypes, is false for many. However, this belief is perva
sive, influencing public policy in multiple modes.

Families are increasingly faced with caregiver concerns for their
elderly relatives. Although about 3.4% of the American public reside
in a skilled nursing facility at anyone time, another 3% reside in
assisted living facilities, while another 5-8% receive care through
home- and community-based services (HCBS) (University of
Maryland 2(05). Many HCBS are actually provided by the same
informal network that already existed.

The landmark 1999 passage of the National Family Caregiver
Support Program acknowledged the prominent public policy issue
associated with aging and long-term care and the factors associated
with informal caregivers (US Department of Health and Human
Services 2(03). This legislation laid the groundwork for HCBS pro
grams that focused funding needs on frail elders while continuing to
ignore the actual needs of the caregivers who provide that care.

HCB5-type systems put a face on the invisible caregiver network.
The mission of HCBS is to keep the elderly in their own homes and
community for as long as possible. HCBS are driven to decrease insti
tutionalization. This legislative policy is the main force credited with
the closure of nursing home beds in lieu of community alternatives. On
the face of public policy, this is what the public wanted. However, the
silent burdens actually increased for the caregivers. Given that
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society was pressuring toward no institutionalization, the family
was left to grapple with the questions of 'then what?' and 'how?'.

A positive outcome of HCB5-type care is monetary. Funding is now
available to pay people who provide care, including the family. There
are restrictions on who may be paid for what services, e.g. a spouse
cannot be paid for providing activities of daily living (ADL) support
but a daughter may be reimbursed. Many caregivers question these
policy changes, as they would provide care whether paid or not. HCBS
funding is provided through a combination of federal and state dollars
by formulas generally managed through state Medicaid programs.

Families face difficult pressures. With child-bearing occurring later
in life,many dual-income, middle-aged couples have school-aged chil
dren at home. Further, these couples often have their own 70+ aged
parents and their 90+ aged grandparents to worry about. The stress of
caregiving for the aged is falling squarely on the busiest people in
American society.

CLINICIAN VIEWPOINT

Surprisingly to many clinicians, families provide the vast majority of
long-term care needed by frail elderly. Clinicians generally recognize
families as decision-makers and short-term caregivers following
acute incidents. However, the rise in elders living longer with multi
ple comorbidities increases familial responsibilities beyond most
expectations. The rehabilitation team should acknowledge this fac
tor. Treatment that focuses on a frail elder being discharged to their
home or a community source will be dependent on others, most
probably a family member, for care.

Minnesota (MN) has long studied this phenomenon. The 2005
report to the legislature completed by the MN Department of Human
Services found that one in four adults in MN was involved in some
level of caregiving for older relatives. The dollar value of informal
care far outweighed the other sources of funds spent caring for MN
elders. This longitudinal study found that $6.84 billion was spent in
2004for all care provided for MN seniors. The cost breakdown found
that Medicare accounted for 7%, Medicaid and other state programs
for 13%,out-of-pocket 11%, private insurance 1%, with 67% provided
through informal care (MN Department of Human Services 2005).

COGNITION AS THE DECISION DRIVER

The most debilitating factor for caregivers is cognitive decline.
Notably, the majority of patients with Alzheimer's disease live out
side institutions, creating considerable serious psychological mor
bidity among their caregivers. Research continues to focus on methods
of dealing with cognitive decline. However, the day-to-day challenges
are far outside the researchers' microscope. Families find themselves
forced to understand a dizzying array of services and placements
provided by mismatched incentives and awkward systems.

THE MANY ROLES OF THE CAREGIVER

Caregivers have many roles to perform in the care of an aging per
son. Some people are natural-born caregivers requiring little instruc
tion, while others have no idea how to help or where to begin.
Furthermore, the more helpful of these caregivers may also be the
most disabling. In the effort to ensure that the elder does not have to
exert too much physically or have increased pain, a softhearted care
giver may not allow the elder to reach maximal rehabilitation potential.
The caregiver may view the exercises as too hard, too time consuming

or not necessary. They may rush to do things that the frail elder may
actually be able to do independently. For thehealthcare provider, this
situation may create an ethical dilemma because the caregiver rejected
the care. In this case, the healthcare provider must offer the appro
priate services and also respect the caregiver with one exception,
which is that no abuse is taking place.

The roles that the caregiver may assume run a gamut. The follow
ing sections describe several of these roles.

Medical advocate
The route to being a caregiver is insidious, creeping into one's life in a
slow or innocuous fashion. Advocating for appropriate medical care is
one of the first formal steps an informal caregiver may begin assum
ing. As the physical presence, caregivers play an integral role in
treatment decisions and their implementation. Caregivers begin the
processes through their role as transporter and information source.
This includes bringing frail elderly to appointments, assisting with
diagnosis, providing the oral history and accurately conveying the
current abilities of their loved one. Caregivers bear the burden for
final decisions including what treatments may be implemented,
when to begin or end treatments and end of life issues. Caregivers
become increasingly responsible for making medical decisions as the
elder's physical and cognitive status deteriorates. For these reasons,
it is very important for caregivers to fully understand the nature of
each chronic or debilitating condition and the possible treatment
approaches, benefits, limitations and potential side effects. As care
giving may last anything from 2 to 20 years, this is a long-term part
nership that requires respect of the caregivers' abilities.

Difficulties and disagreements often ariseas different people may
assume this role at varying times. Distant living children may hold
legal title to Power of Attorney or Health Care Guardian; however,
others may make the daily small decisions.

Clinical partner
For a frail elder to reach maximal rehabilitation potential, the care
giver needs to be seen as a clinical partner. Caregivers need to have
realistic expectations about what benefits can be realized and how
they may be a part of the success or failure. U the caregiver does not
fully understand and support the treatment plan, the elder's care
may suffer. The therapist needs to be able to effectively communicate
with each caregiver and insure that the regime may fit into the sched
ule of daily life for both the elder and their caregiver. Overzealous
treatment programs, multiple exercises and lengthy care plans will
certainly meet with failure for all involved. The focus on function,
mobility, movement and recognition of what life is like in the home
setting will help each therapist to be realistic in assisting the care
giver to be a clinical partner.

Personal care attendant
One of the most difficult tasks for caregivers is providing ADLsupport.
Bathing and grooming may fall to those ill equipped to deal with
another's personal needs. Incontinence problems are disdainful to
deal with and are often a leading driver toward institutionalization.
Feeding assistance and specific meal preparations become burden
some and time-consuming tasks for many caregivers.

Guardian
Caregivers are burdened with the responsibility of preventing harm
from befalling a frail elder. Parenting the parent is a term that is often



heard. One expects to parent their child for about 20 years. One rarely
expects to do the same for their own mother or father (or grandparent).
Guardian duty is certainly a graded responsibility depending on the
cognitive and physical abilities of the elder.

Guardians insure that the physical environment inside and out
side the home remains safe. It may begin as yard work and snow
shoveling, and progress to the laundry and housework. Soon meal
preparation, inside safety and sleep routines require attention.

While therapists may make treatment recommendations, the day-to
day quality of life is the responsibility of the caregiver. The caregivers'
efforts may be focused on continuity, dignity, pleasure, social interac
tion and a stable environment, while the therapist's are toward
increased functional ability.

Activities and social director

Table 79.1

Stage'

Stage 2

Stage 3

Stage 4

Stage 5

Stage 6

Stage 7
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The stages of caregiving

Coping with the initial impact

Deciding whether a familymember can take on the
caregiver role

The long stretch of at-home caregiving provision

Considering residential placement

Caregiving during residential placement

Death of the patient- griefand relief

Resuming life - healing and renewal

The family is often faced with being the main social interaction for the
frail elder. The weekly visit, grocery shopping and medical appoint
ments often progress to becoming their confidante and friend. It is a
difficult role that seems to creep in slowly until a family realizes that
the burdens of providing social outlets have fallen solely on their
shoulders.

The wise therapist will assist families in determining other sources of
care and respite. Community resources may be accessed to relieve
some of this burden, and elder visiting networks may also provide the
needed companionship for housebound elders.

Chiefcook and bottle washer
A sudden, acute illness causes most to rush to the aid of the ill or injured.
The first steps home often find many willing secondary-type caregivers
including friends or faith-based! parish nursing people who are not
usually involved in day-to-day caregiving. These caregivers bring in
food and offer household help. Unfortunately, the rush quickly turns to
a trickle with a few or one left to fill in the gaps of services required
to run a home. For a married couple, it is the spouse who takes on
most of the duties the two previously shared. In the case of a widow
or widower, children step in as long as possible supported by lifelong
family friends including the faith community. Recognizing the long
term nature of this role early may help caregivers to talk and plan
how this role will be filled. Most communities do have formal ser
vices that may be accessed for meals, house maintenance and yard
work. Relinquishing these tasks to formal, paid providers may assist
in decreasing the caregiver burden.

THE STAGES OF CAREGIVING

Caregiving may be viewed as a linear process beginning from the
insidious start to heavy involvement to death of the elder. Seminal
work by Pfeiffer (2005)has been done in the stages of caregiving. His
research describes seven distinct states of caregiving. Table 79.1 out
lines each stage.

The seven stages described by Pfeiffer are important for therapists
and for caregivers to understand. Although he applied much of his
research to Alzheimer's patients, it is an applicable model for most
caregivers. Each stage describes a new responsibility for caregivers and
legitimizes the multiple, conflicting emotions felt at each stage.

Stage 1: Coping - the stage of disbelief. The diagnosis is given; the
incident happened; a hospitalization occurred. All create an acute
awareness that life for this elder and their networks will never be
the same. Internalizing Stage 1 leads to Stage 2.

Stage 2: Deciding who will be the caregiver. This may be a lengthy
stage with multiple versions of caregivers. This stage seems to
meld into Stage 3.

Stage 3: The long stretch of at-home caregiving. This is the strength of
the invisible caregiver network formed by family, friends and faith.
Multiple incidents may occur during this phase. The ebbs and
flows of chronic illnesses will be found. It is the stage when care
givers grow weary and are at risk of becoming patients themselves.

Stage 4: Considering residential placement. Stage 4, a watershed
decision, may be viewed tragically by society and welcomed by
caregivers. Nursing home placement is a relief to many. The care
giver is allowed to rest, to resume activities and to be assured that
others can provide 24/7 care. Handing the baton of care from
overwrought caregivers to a formal system is difficult even when
welcomed. Although it may appear that this is the end of the
informal network, it is not. The network changes and adapts to
the newer, often lesser demands and provides more nurturing
and care vs. meeting physical needs.

Stage 5: Caregiving during residential placement. This stage recog
nizes the caregiving changes following placement. Daily or
weekly routines will develop for caregivers and the elder.

Stage 6: The eventual death of the elder that brings grief and relief.
Most deaths are grieved even when expected. A sense of guilt may
pervade those who have borne the brunt of care provision and now
find the relief they desired. This is the stage where the faith com
munity may provide the most support to the informal caregivers.

Stage 7: Resuming life. Stage 7 is intertwined with Stage 6. Finding a
sense of renewal in one's own life and healing from the long bout
of burdens from caregiving.

Staging systems are helpful methods of describing processes and
emotions that may be in place for caregivers of elders. However, not
aU people will progress neatly through stages and staging systems
will not always accurately describe the process for all.

CAREGIVER RECOGNITION

Caregivers need to be recognized as an integral component in suc
cessful rehabilitation. Therapists need to fully understand the
breadth and depth of the care delivery system, noting particularly
that most care is not found in the medical arena. Therapists need to
analyze each patient and their networks before determining how to
integrate rehabilitation programs.

Each patient is an individual, as are his or her caregivers. No system,
no matter how well developed or planned, can adequately address all
individual needs. In the drive to do the right thing, empathy toward
the caregivers needs to become a prerequisite characteristic.
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INTRODUCTION

Many approaches to the care of the geriatric patient have been lumped
under the rubric of 'geriatric assessment'. Indeed, in terms of process
and outcome, geriatric assessment is one of the most widely studied
aspects of geriatric healthcare. By 2006, there were thousands of pub
lished reports on geriatric assessment, and numerous meta-analyses
had been performed or were under way.

The American Geriatrics Society (AGS) Core Writing Group of the
Task Force on the Future of Geriatric Medicine hasoutlined a series of
core attributes and competencies for geriatric medicine. These include
'coordinated care that includes communication among providers' and
'interdisciplinary team care with shared responsibility for patient care
processes and outcomes' (Besdine et aI2(05). The goal of this chapter
is to examine the philosophical underpinnings of the interdisciplinary
approach to geriatric medicine, to examine some of the models of how
geriatric assessment hasbeen operationalized and to point out some
of the weaknesses and future directions of research for this model of
healthcare.

PHILOSOPHICAL UNDERPINNINGS OF
GERIATRIC ASSESSMENT

Secondary aging must be distinguished from
primary aging
Physiologists often divide the problems of aging into two categories
primary aging and secondary aging. Primary aging includes those
physiological changes that can be ascribed solely to the passage of
time. Several theories have been set forth to explain the changes
caused only by aging. These include denaturation of proteins through
cross-linking, cumulative damage from free radicals and an internal
biological clock that is genetically determined. This last theory gained

credibility from cross-species studies that related longevity to the
number of cell doubJings that could occur in cell culture. The number
of cell doublings proved to be species-specific and varied directly with
the longevity of the species. (See Chapter 1 for additional information
about theories of aging.)

An exciting finding could further elucidate the exact nature of this
biological clock. This finding is the discovery that repeating basepairs
at the ends of strands of DNA, called telomeres, prevent unraveling of
the DNA strands and preserve the genetic integrity through their
repeated replication. The telomeres 'harden' the DNA strand in a fash
ion similar to the way in which the plastic caps on the ends of shoelaces
prevent the shoestring from unraveling. The length and stability of
telomeres could be the physiological basis of the biological clock.

Secondary aging involves those decrements in function that can be
ascribed to disease processes. Primary and secondary aging are some
times difficult to distinguish from each other. For example, it was once
thought that there was a substantive decline in cardiac output that
was age related and due to primary aging. However, Pugh & Wei
(2001) reported that cardiac output is actually well preserved into
advanced age.

Likewise, in the era before autopsy studies had been done upon
people with dementia, it was believed that dementia was simply a
primary process of the senium rather than secondary aging. Autopsy
series later disclosed that cognitive losses could be explained by spe
cific pathologies such as multiple strokes or the senile plaques and
neurofibrillary tangles of Alzheimer's disease. It is now known that,
even though speed of effortful mental processing slows with aging,
in the absence of disease, cognition remains well preserved (Weaver
et aI2oo6).

How do these principles relate to geriatric assessment? It is the
role of geriatric assessment to tease out the effects of secondary
aging and to reverse them through specific treatments, to ameliorate
them through interventions that may improve, although not cure,
the underlying condition or to assist the patient to function better by
marshaling support services or altering the patient's environment to
make that environment more conducive to the patient's needs.

Coexistence of multiple diseases and the
cascade of illness
When clinicians are first trained in medicine, they are commonly
taught to think in terms of the 'chief complaint'. This approach proves
to be much too restrictive in the practice of geriatric medicine. Here,
the most common scenario is one of multiple, coexisting pathologies
that are all conspiring to harm the patient's functional ability. Many
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patients presenting for geriatric assessment may have more than four
significant medical problems that need to be addressed.

An example of the cascade effect of multiple problems might be
the patient who presents with delirium. Such a change in mental sta
tus is a final common pathway for many medical and psychiatric
conditions. In this example, the pathology might be traced back as
follows: the patient has some moderate renal insufficiency and pro
static hypertrophy. The prostatic hypertrophy leads to urinary reten
tion, which further worsens renal function, which leads to azotemia
and anorexia, which leads to reduced fluid and nutritional intake,
which leads to even further worsening of renal function and a relent
less downward spiral. This interrelationship of organ system func
tion causes a cascade of illness that affects many organs.

A challenge of geriatric assessment is to trace the cascade of events
back to find key points in each patient's unique pathophysiology
where treatment may halt or reverse the downward spiral. Because
of the complexity of this process, an interdisciplinary approach is
often most successful. Also, there is no substitute for seasoned and
experienced clinicians making expert diagnoses. The challenges of
treating the frail elderly led Franklin Williams, a past director of the
National Institutes on Aging, to coin the phrase 'the fruition of the
clinician' in respect of the practice of geriatric medicine.

As any cohort ages, variability increases
As noted earlier, it is often impossible to predict the specific decline
of any particular organ system on the basis of aging alone. Likewise,
it is impossible to predict the physiological function of any individ
ual based on age alone. One may speak of chronological age vs.
physiological age. To speak of a young 80-year-old or an old 65-year
old does not sound like an oxymoron to the geriatric practitioner.

What can be predicted is that, as people age, they become less and
less like each other. (Anyone who has attended a 25-year class reunion
has probably experienced this first hand.) No two persons age identi
cally. Some encounter diseases, others suffer traumatic injuries and
others cope with both. Lifetime habits, choices and fortune add to the
genetic variability of aging individuals.

The increasing diversity that comes with age has a direct effect on
geriatric assessment. For geriatric assessment to work well, it is crucial
that both diagnostic and therapeutic approaches be individualized for
each patient. Attempting a 'cookbook' approach to the solution of clin
ical problems in such a diverse group could easily lead to iatrogenic
harm. The recent trend toward the creation and application of clinical
pathways or clinical guidelines in the treatment of specific conditions
must proceed carefully and contain greater flexibility when dealing
with issues in geriatric medicine.

Again, the interdisciplinary approach, because of its greater clinical
diversity, can better account for the pluralism of this unique population.

Diminished homeostatic reserve blocks recovery
Perhaps the best definition of aging is 'increasing susceptibility to the
forces of mortality due to decreased homeostatic reserve'. Homeostasis
concerns the body's ability to maintain itself in a steady state and to get
itself back on track whenever there is perturbation from that steady
state. Ability to maintain a constant temperature, constant blood pres
sure, and constant blood glucose level are all examples of homeostasis.

When homeostatic reserves are constrained, there is diminished
likelihood of survival with any extreme stress. A key principle in
geriatric assessment is to recognize that homeostatic reserves are
diminished and that patients are more sensitive to both the disease
processes and the iatrogenic effects of intervention. This should lead
to a more conservative and individualized approach in the applica
tion of therapeutic maneuvers and drug therapies.

These issues are especially important in geriatric rehabilitation. A
common scenario is the elderly patient who has suffered a hip fracture
and requires surgical repair. With postoperative pain and analgesia, the
patient often suffers such setbacks as postoperative delirium, fever, ane
mia from blood loss, atelectasis and hypoxemia. Thus, the rehabilitation
measures may be delayed for several days by intercurrent illness. While
at bedrest, the patient may be losing in the order of 2-5% of muscle
strength (Gillis 2005) and 1-2% of aerobic capacity daily. Whereas
younger people may surmount these losses, in the geriatric patient who
is already marginally compensated, these losses become highly sig
nificant and make rehabilitation and recovery all the more difficult.

In this setting, the patient might not cope well physically or psycho
logically with the arduous exercise demands of rehabilitation. The
twice-daily treatments of up to 4 hours imposed by government regu
lations may be too rigorous for some of these more frail individuals.
Sometimes, rehabilitation must occur at a more gradual pace and in the
long-term care setting.

Diseases present in an atypical fashion
Among geriatric patients, the common presentations of illness are
often replaced by the less specific and more global findings of
increased confusion, weakness, anorexia and tendency to fall. One
sees such phenomena as 'silent myocardial infarction', 'afebrile pneu
monia' and 'depression without sadness'. The first manifestation of
urosepsis might be falling, or the presenting symptom of a myocar
dial infarction might be increased agitation. In geriatric assessment,
the clinician must cast a wider net in attempting to make diagnoses.

Other diseases typically present only in the elderly or much more fre
quently in the elderly, and the index of suspicion for these problems
must remain higher. These disorders include such entities as polymyal
gia rheurnatica, Parkinson's disease and hypothyroidism.

Diseases are underreported
Geriatric patients commonly underreport their problems (Doughty
2003, Tariq et al 2003). Sometimes, cognitive impairment gets in the
way of an accurate relating of historical information. At other times, the
patient is embarrassed to bring up certain problems. This may account
for the fact that incontinence is so underreported. At other times,
depression may lead to a sense of hopelessness about the possibility of
getting help; or patients may have acquired some of the ageist bias
from the society in which they live and may feel that their problems are
to be expected at their time of life and they should not complain.

The process of geriatric assessment strives for accurate and reliable
historical information by collecting data through collateral interviews
with caregivers and loved ones as well as with the patient himself or
herself. The patient is also typically interviewed by several profession
als. A patient might relate something to a nurse or social worker that
would not have been mentioned to a doctor.

Self-report questionnaires and structured assessment tools to mea
sure cognition, affect and morale can yield quite useful information if
they are administered carefully and in a nonthreatening manner. These
tools add additional important information to the historical database.

THE PROCESS OF GERIATRIC ASSESSMENT

The process of geriatric assessment typically involves an interdisci
plinary approach. The most consistent team members to have formed
the traditional core of this assessment process have included the geri
atrician or geriatric nurse practitioner, nurse and social worker.
Ancillary team members have included the occupational therapist,



physical therapist, psychiatrist, nutritionist, speech therapist, exercise
physiologist, recreational therapist and respiratory therapist. One of
the very first outpatient assessment programs even employed an
architect because of the frequency with which changes in the patient's
home environment were being recommended.

In the following case study, an example of the geriatric team in action
may help to illustrate many of the principles of geriatric assessment:

Case study

Mrs A was an 85-year-old widowed woman who was living
with and being cared for byher 54-year-old daughter. She
was referred byherdaughter for outpatient geriatric
assessment. The patient had been suffering from gradual and
progressive memory loss for thepreceding 3 years. Three
weeks previously, she had become more apathetic and
withdrawn, and had ceased to be able to climb thestairs
because of arthritic complaints. On intake, she was being
treated with amitriptyline 25mg at nightfor depression.

On furtherquestioning, it was learned that the patient
was becoming delusional, believing that people on the
television screen were real. Her functional status a month
earlier had been much betterand her incontinence was
new. She complained of a feeling of profound weakness.
The social worker learned that the daughter was extremely
resentful that the caregiving burden had fallen to herand
was not being shared by hertwo siblings. She felt guilty
about herresentment, and this made hercaregiving even
more difficult.

Medical workup disclosed moderate degenerative joint
changes, moderate hearing loss and dysphoric mood. The
patient made seven depressive responses on the Geriatric
Depression Scale and scored 2Q'J0 on the Folstein Mini
Mental Examination. She remembered zero out of three
objects on early recall. Mobility testing showed profound
weakness, with difficulty arising from theexamination
chair and broadening of thesupport base. Screening
laboratory tests showed a mildanemia with a hemoglobin
of 11.3 gJlL and a mean corpuscular volume (Mev) of 81.
The serum cobalamin level was low normal at 200pg,mL
The sedimentation rate was markedly elevated at
110 mm/h. Other blood parameters were normal. A
magnetic resonance imaging (MRI) scan showed
periventricular hyperintensity and multiple lacunae. Soon
afterthe initialassessment, thepatient was begun on
15mg of prednisone dailyfor a presumptive diagnosis of
polymyalgia rheumatica. In addition, she was begun on
cobalamin injections. The amitriptyline was discontinued.
When the patientwas returned to the clinic for a family
conference, hermobilityhad improved dramatically, as
had herpain symptoms. The incontinence had resolved
because the patientwas now mobile enough to get to the
bathroom. The delusions had also disappeared, but the
patient remained dysphoric. The familywas educated and
counseled about the spectrum of the patient's problems. It
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was pointed out that hercognitive loss might not be due
to Alzheimer's disease, as she had been told previously, and
that the prognosis was uncertain. It was decided to
continue to monitorthe patient's mood for another month
and to consider treating herwith one of the newer
selective serotonin uptake inhibitors if hermood remained
depressed. The patient was referred to anadult daycare
program. She began to attend3 days per week.

Six months later, the patient was being maintained on
5mg of prednisone daily. Her mobility remained good and
the sedimentation rate was 26mm"'. The patient had been
started on sertraline 50mg daily, and her mood had improved.
The hemoglobin had risen to 13.0g,tlLShe was still
occasionally delusional and the score on the Mini-Mental
examination had not improved. The patient's daughter,
however, was feeling greatly relieved, and she perceived her
mother to be functioning at a much higher level of cognition,
even though this could not beobjectively demonstrated.
The daughter was planning to have hermother enter a
1-week respite program while the family went on a week
long vacation.

This case illustrates several key principles of geriatric assessment.
This patient was suffering primarily from an illness (polymyalgia
rheumatica) that is found exclusively in the elderly population. In the
absence of any symptoms suggesting cranial arteritis, many clinicians
would institute an empiric trial of corticosteroid therapy without doing
a temporal artery biopsy and gauge the response to therapy. A dra
matic response, as was seen in this case, helps to confirm the diagnosis.

The next most important problems, those of the cognitive impair
ment and dysphoria, reveal how multiple coexisting pathologies can
conspire to create dysfunction. The suddenness of the onset of the
patient's delusions and cognitive decline suggested either a vascular
process or a reaction to the anticholinergic effects of the amitriptyline.
The low cobalamin level is also a not uncommon finding and could
also be contributing to the cognitive loss. The use of oral rather than
parenteral replacement therapy for a low cobalamin level is debatable,
but the decision was made to institute parenteral replacement just in
case the patient could not adequately absorb the vitamin.

In many instances of geriatric assessment, the caregiver becomes
as much a client as the patient. Predictable respite is one effective
means of reducing caregiver stress, and referral to an adult daycare
program is an ideal way to provide predictable respite. When allevi
ated of some of the caregiving burden, the daughter could once
again enjoy her relationship with her mother.

The perception on the part of family members that the patient was
functioning much better cognitively even though objective improve
ment could not be measured represents another phenomenon
deserving of mention. Significant disparity between 'perceived' and
'measured' improvement often exists.

In order to coordinate and implement the various recommendations
of the separate professionals involved in the interdisciplinary approach,
a team conference is typically held after the assessment. The care plan
is crafted with input from the various team members. Often, a family
conference is held with the patient and all involved family members
and caregivers. The purpose of this conference is to educate the patient
and caregivers, to make official recommendations, and to answer ques
tions. It alsoprovides yet another opportunity to assess for caregiver
burden and to move to alleviate it if it is clinically Significant.
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The interdisciplinary model of geriatric assessment has been
applied to a variety of settings (Phillips 2005). The most common
have been adult medical-surgical hospital wards, outpatient clinics,
inpatient geropsychiatry units, nursing homes, rehabilitation hospi
tals, patient homes and hospital-based consulting services. There are
also more complex models that involve many team members and are
found in the inpatient and consultation models.

From many outcome studies (Barnes 2006, Covinsky 2006, Jacobs
2006) that have been performed on the various manifestations of
geriatric assessment, one can make several generalizations. First,
and perhaps most important, is that assessment without implemen
tation is of almost no value. The programs with the most robust out
comes have been those with direct links to rehabilitation services
and those in which the geriatric team had direct responsibility for the
implementation of care plans. Second, not all geriatric patients can
be expected to benefit from geriatric assessment. Patients who have
relatively high function and those who are hopelessly ill are less
likely to derive benefit, so many programs attempt to target those
who would be most likely to benefit. On the other hand, one would
also not wish to be too quick to judge a patient as hopelessly ill,
because geriatric assessment has scored some of its greatest suc
cesses in patients who had previously been written off by the tradi
tional healthcare system.

In terms of traditionally measured outcomes (such as mortality,
functional status, frequencies of hospitalization and nursing home
placement), research study results are mixed. Because of the mixed
models of geriatric assessment and differing sites of practice, meta
analyses and generalizations about the value of geriatric assessment
are difficult. Nevertheless, some reviewers Oouanny 2005) have felt
that the data are convincing in terms of reduction in mortality, low
ered rates of nursing home placement and lowered levels of care
giver burden.

DIRECTIONS FOR FUTURE RESEARCH

The technology of geriatric assessment has been under attack
because it is viewed as labor intensive and inadequately reimbursed.
Were the data of research studies more conclusive with regard to
outcomes, it would be easier to advocate the widespread application
of interdisciplinary geriatric assessment. The main challenge in the
light of what has been learned seems to be selective application of
this interdisciplinary approach, targeting those subjects and con
texts in which geriatric assessment is determined to be cost effective.

Other areas of active research in this field include investigation
into the optimal place to perform geriatric assessment. Some intrigu
ing studies suggest that the optimal site may be in the patient's own
home (Nikolaus & Bach 2003).Other important questions also have
to be answered. Do data that have been collected largely through
interview reflect what the patient is actually able to perform? Do
data on functional status, which are often garnered by physical ther
apy and occupational therapy in a laboratory setting, correlate well
with what the patient can do in his or her own home?

The development of critical pathways, or clinical algorithms, is a
process that is being repeated at virtually every acute care hospital in
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Many other important questions about the approach to treating
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CONCLUSION
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ing of endeavors.
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for units of care but not for case/disease management (Besdine et al
2005).
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INTRODUCTION

The nursing profession has a long history of providing healthcare to
sick older people. Initially, geriatric nursing focused on physical care,
comfort measures and palliation. The care was often given almost
entirely by nurses and their assistants in nursing homes or in people's
own homes. As knowledge, technology, public policy, and societal
expectations changed, the scope, types of geriatric services and quality
of nursing care also changed. The establishment of the first formal stan
dards for nursing care for older adults, adopted in 1970 by the
American Nurses Association (ANA), was a landmark initiative for
nurses in geriatrics. It provided a link to nursing science, which is
defined by the ANA as the deliberate problem-solving process,
grounded in the biopsychosocial sciences, of diagnosing and treat
ing actual or potential health problems.

As these practice standards were reviewed and modified over time,
patient-eentered care, family participation and nursing services related
to the prevention of disease and disability and the promotion of good
health for older adults were articulated more explicitly as major com
ponents of geriatric nursing practice. This paved the way for the use of
the term'gerontological nursing' to refer to a domain in the continuum
of the science and practice of nursing that is devoted to the complex
care of older adults and their families and to balancing the effects
of normal aging and pathology. Today, the term 'geriatric nursing'
indicates specialized clinical care for the medical problems of the
sick and chronically ill elderly in various interdisciplinary patient
care settings. Nurses with advanced training who practice in this

area are known as geriatric nurse practitioners or geriatric clinical
specialists.

An overall goal for gerontological and geriatric nursing is to pro
vide humanistic healthcare to older adults and their families by pay
ing careful attention to individual circumstances, needs and goals.
Preventing impairment, restoring function and maintaining an
enduring state of health and well-being and quality of life are
embedded in these goals. A key strategy that is used to meet these
goals is the application of the nursing process that consists of assess
ment, planning, intervention and evaluation within the context of
healthcare issues presented by the elder and their family.

As a discipline, nursing has agreed to a social contract to make its
services available 24 hours a day. Thus, gerontological and geriatric
nurses have critical roles in the collaboration of the healthcare team, as
they must be involved in planning, implementing and evaluating
patient care. The nurses' roles and functions include nursing manage
ment and other therapeutic activities for direct patient care, case man
agement, patient and family health education and counseling, admin
istration, advocacy, public policy development, and education and
research.

DIRECT PATIENT CARE

To ensure seamless care, continuous leadership and accountability
are requisite. Professional nurses act on these responsibilities in acute
care units, ambulatory care clinics, long-term care facilities, homecare
agencies and other sites where the need for geriatric care can be
fulfilled.

At least three different types of nursing expertise, using different lev
els of critical thinking and clinical decision-making skills, are available
to older patients to assist them in meeting their healthcare needs:

1. Staff nurses have clinical, technical and humanistic skill in one
to-one interaction so they can strengthen and support the
biopsychosocial processes of recovery, rehabilitation, healing,
preventing disease and disability, and dying with dignity. Nurses
functioning in this role practice in acute care settings, skilled
nursing facilities, home health settings and hospices, and a
smaller number practice in ambulatory care clinics or doctors'
offices.

2. Advanced practice nursing roles in gerontological nursing pri
marily include clinical specialists and nurse practitioners. These
master's degree or doctorally prepared nurses function in a vari
ety of roles to support this challenging patient population.
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(i) Geriatric clinical nurse specialists have expertise in working
with complex nursing care problems and draw from their
advanced skills in hands-on clinical care, critical analysis and
decision-making, teaching, counseling, and coordination and
follow-up of interdisciplinary care plans. They practice in
acute and long-term care settings and may be consultants to
community clinics and home-based geriatric care programs.
They may also conduct research, evaluate program outcomes,
and coordinate quality improvement activities.

(ii) Geriatric nurse practitioners have expertise in performing com
prehensive physical assessments, interpreting symptoms and
physiological abnormalities, and developing treatment, man
agement and follow-up plans for medical problems, in partner
ship with the primary care physician and other team members.
Their practice is closely linked with primary care services in
ambulatory clinics, although a growing number of these nurses
are providing services to elderly patients in long-term care facil
ities, adult day health programs, and physicians' officesas well
as inpatient settings.

THE FOUR STEPS OF NURSING

The four-step nursing process guides the nurse to individualize, con
textualize and prioritize problem areas. The steps consist of assess
ment, planning, intervention and evaluation.

Step 1: Assessment
Biopsychosocial data about geriatric patients are collected by means of
interviews, record reviews, direct observations and other approaches,
as time allows, to build a composite picture of the multiple and often
competing needs of the geriatric patient and the informal caregiver.
For example, the federally mandated multidisciplinary assessment
called the Minimum Data Set (Burke & Walsh 1997)is usedin nursing
homes by long-term care nurses to record assessment data as part of
the team approach to care planning and treatment.

Data from nursing assessments are necessary to identify problems in
the order of clinical significance at a Specifictime and according to the
urgent need for nursing interventions. The information may include
general and specific data on the presenting problems as defined by the
patient and the caregiver, medical diagnoses, prescribed medical treat
ments, status of physical and mental functions, alternate healthcare
resources, patient goals and expectations, safety risks, self-care abilities
for recovery, including the ability to perform activities of daily living,
and other information that a nurse considers clinically relevant to the
case or situation. Identifying nursing diagnoses and prioritizing
these problem areas are the major intended process outcomes.

Since 1973, the North American Nursing Diagnosis Association
(NANDA) has continued to develop a taxonomy of nursing diagnoses,
and currently there are approximately 130 approved classifications of
patient care problems in nine categories. In 1987, the Center for
Nursing Classification and Clinical Effectiveness at the College of
Nursing, University of Iowa, developed taxonomies for classifying and
organizing nursing interventions and nursing outcomes through the
use of the Nursing Intervention Classification (NIC). This was followed
by the development of Nursing Outcomes Classification (NOC) coding
systems in 1992.The NIC/NOC codes are linkedto the NANDA diag
noses and serve to document the effectiveness of nursing interventions
and outcomes (McCloskey et a12004,Moorhead et al2(04). Refinement
of the NIC/NOC classification systems has been ongoing. The use of
nursing taxonomies facilitates the capture of nursing data useful for
evaluation, quality improvement, and research activities.

It is important for members of healthcare teams to be aware that
some problem areas that demand priority nursing interventions may
not always be parallel to or target directly the 'curing' goals of a
medical plan.

Step 2: Planning
The nursing care plan incorporates specific nursing interventions and
activities to treat specific nursing diagnoses or deal with problem areas
such as changes in food intake, impaired capacity for personal care,
risk of accidental injuries due to general weakness and mild dementia,
grief unrelated to the health problem, and other needs of the geriatric
patient and the caregiver. Included in the plan are nursing actions to
insure the continuity of all prescribed medical treatments and other
intervention modalities for the geriatric patient. Clinical judgment is an
important nursing skill in this process because it enables an accurate
identification of the nursing diagnosis.

Step 3: Implementation
The process of implementation utilizes the collective efforts of mem
bers of the nursing staff, including auxiliary nursing personnel, and
directs them so that the nursing care plan can be carried out. Safe
and compassionate approaches that are clinically and technically
appropriate are used to achieve the desired clinical outcomes.
Nursing actions may include activities such as checking vital signs,
changing the position of an immobilized elderly patient, orienting
an elder with a memory deficit to time, place, and activity, inter
viewing a family caregiver prior to homecare, consulting other
healthcare professionals, advocating for an elder to obtain a local
community resource, and other actions aimed at resolving a nursing
problem or reducing the impact of a nursing diagnosis.

Step 4: Evaluation
A patient's physical, verbal and behavioral responses, informal care
givers' reports and observations by healthcare providers from other
disciplines are important aspects of the feedback mechanism that helps
the nursing staff to maintain a dynamic, flexible care plan. Critical
analysis of information obtained while nursing interventions are in
progress may be used to modify nursing interventions, redirect patient
and family participation in the overall treatment and management
plan, re-examine the healthcare team's understanding of the clinical
problem, determine cost benefits, realign leadership and support the
standards of quality patient care.

CASE MANAGEMENT

The nurse case manager looks after a group of elderly patients and
informal caregivers. As a rule, frailty, multiple chronic illnesses, unsta
ble functional status, complex psychosocial and financial situations,
and other multilayered clinical issues trigger the need for this type of
professional nurse. Advanced skills in clinical decision-making, com
munication, resource identification, referral, management, systems
analysis and cost analysis are essential for effective case management.
The role of a nurse case manager involves consulting with healthcare
providers; meeting with patients, family members and other support
systems; advocating for need-specific health and social services; plan
ning for discharge; insuring safe termination of services; facilitating
shared decision-making; and recording appropriate documentation.
Case managers may also negotiate a change in health benefit with



third-party payers to insure that the older patient's needs are being
optimally addressed. As healthcare delivery systems change, the num
ber of nurse case managers for older people is expected to increase,
particularly in community-based programs such as home-based ser
vices, adult day health programs, and respite and hospice services.
For example, in the home health arena, the nurse is the ideal team
leader; in that role, the nurse can coordinate the case and facilitate
the completion of required documentation by interdisciplinary care
providers, institutions, physicians in group or private practice and
payers. With the growing trend toward managed care, the nurse in
such a role might be called a case manager. Other administrative func
tions may also be part of the geriatric nurse case manager's responsi
bility in the practice sites mentioned earlier.

HEALTH EDUCATION AND COUNSELING FOR
PATIENTS AND FAMILIES

A major focus of the teaching and counseling done by gerontological
and geriatric nurses relates to the implementation of treatment and
management prescribed by healthcare providers in acute care, home
care, or community care. Teaching patients before they are dis
charged home or to another site of care helps to prepare the patient
and the family. Education in ways of preventing disease, disability,
and complications of existing chronic health conditions becomes
increasingly necessary as the shift to community care expands.
Teaching and counseling by these nurses take place across the contin
uum of care of the elderly. This function may be combined with direct
patient care and case management functions.

ADMINISTRATION

Professional roles for administrative nurses include director of nursing
services in a skilled nursing facility and administrator in a variety of
settings, such as homecare, adult day health, respite care, hospice, and
other community care programs for older adults. Some nurse entrepre
neurs take on the challenge of administering small board-and-care (i.e.
personal care) homes. The legislative mandates of Medicare and
Medicaid, regulations, and the standards of care, to name a few, are
complex bodies of information that the geriatric nurse administrator is
able to translate into practice in order to support quality standards of
care and insure fiscal responsibility.

ADVOCACY AND PUBLIC POLICY
DEVELOPMENT

Although nurse activism is found among all types of practitioners of
nursing, some nurses in gerontology and geriatrics build careers in
advocacy dedicated to shaping and changing public policy. Their
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expertise in the legislative process and their analyses of public poli
cies may be applied to issues related to healthcare access for the
aging population and other relevant concerns. They find employ
ment in governmental agencies, in the offices of public officials, with
advocacy organizations, or with other entities oriented toward pub
lic policy issues and aging.

EDUCATION AND RESEARCH

With the increasing number of education programs in gerontological
and geriatric nursing being taught in colleges and universities, the
need for faculty members with doctoral and master's degrees in
gerontology and geriatrics will continue to grow. Clinical specialists,
nurse practitioners and nursing administrators predominate in the
faculties of many nursing schools across the country. Gerontological
and geriatric nurses with doctoral degrees have teaching and
research responsibilities. They are prepared to function as principal
investigators in research projects and clinical trials and to establish
research programs in gerontological and geriatric nursing science.
Generating evidence-based nursing practice is an important com
mitment of these nurse researchers. Some of the domains of nursing
research are sleep disturbances, agitation, pet therapy, family care
giving, falling behavior, sensory disabilities, use of technology to
support aging in place and self-care deficits. The body of knowledge
produced by their studies contributes to improving healthcare for
older people and to advancing the science of aging. In addition,
these researchers create opportunities for other nurses to experience
the research process as assistants, graduate students or participants
in the study.

CONCLUSION

Gerontological and geriatric nurses have a variety of roles and func
tions. With the trend toward downsizing and the shift to managed
care programs, these roles and functions are being fused and struc
tured in different ways. New personnel who deliver direct bedside
care but have limited formal education and training are being intro
duced into the clinical arena. The challenge to nursing, in particular to
nurses in gerontology and geriatrics, is to maintain the standards of
healthcare for older adults, especially those who are disempowered
by chronic disability, socioeconomic status, racial or cultural factors,
environmental situations, low health literacy or technological illiter
acy, and lack of technology access. Also, the aging of the baby
boomers, a social and historical phenomenon, is already shifting the
focus of healthcare from the cure model to the prevention model. The
high incidence of chronic disease in this population requires new
approaches to assisting older adults in the development of self
management skills needed to deal effectively with these problems. It is
clear that new expertise and more advanced practice nurses will be
needed in this specialty.

Moorhead 5, Johnson M, Maas M (eds) 2004Nursing Outcomes
Classification (NOC), 3rd edn. Mosby, Philadelphia, PA
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INTRODUCTION

Occupation may be defined as any meaningful and purposeful activ
ity or series of activities in which an individual engages. According
to the occupational therapy practice framework of the American
Occupational Therapy Association (AOTA), areas of occupation
include activities of daily living (eating, dressing, toileting, etc.),
instrumental activities of daily living (homemaking, meal prepara
tion, money management, etc.), education, work, play, leisure, and
social participation (AOTA 2(02). Disease, dysfunction and loss
associated with advanced age threaten the older adult's satisfactory
engagement in occupations. Occupational therapy (O'I') practition
ers, consisting of both occupational therapists and occupational ther
apy assistants, therapeutically use meaningful and purposeful
activities to insure and enhance an individual's participation in cho
sen occupations.

OT practitioners serve older adults in various settings including a
variety of inpatient settings such as acute care hospitals, rehabilitation
centers, skilled nursing facilities and psychiatric centers. Community
based occupational therapy may be provided in outpatient settings,
clients' homes or in adult daycare and senior centers (Boy! Schellet al
2003a). Occupational therapy professionalsmay fulfill the rolesof direct
service provider,administrator, consultant, educator and researcher.

OCCUPATIONAL THERAPY ASSESSMENT
,f '. :.

In order to provide effective, efficient therapeutic intervention, occu
pational therapists conduct a thorough twofold assessment of their
clients. The therapist conducts an occupational profile (a client
centered interview) designed to gather pertinent information regard
ing the individual's occupational history and preferences, the various
contexts in which the client engages in occupation, and the client's
values, beliefs and goals regarding his or her current functional per
formance (AOTA2002,Boyt Schell et aI2003b).

Additionally, the occupational therapy clinician conducts an
analysis of the client's occupational performance (AOTA2002, Boyt
Schell et al2003b). He or she observes the older adult engaging in
a valued occupation, such as eating, dressing, moving in bed or
preparing a meal, to identify the client's functional strengths and
limitations. The clinician then performs standardized and/or non
standardized tests to specifically pinpoint the client factors, such as
decreased strength or decreased ability to initiate a task, contributing
to any functional limitations.

Occupational therapists and the interdisciplinary team members
share their assessment findings with one another in order to develop a
comprehensive treatment plan. In some settings, such as hospitals
and home healthcare, interdisciplinary team members contribute
their findings to a joint team evaluation. Using the Functional
Independence Measure (FIM),in hospitals across the United States for
example, enables healthcare providers to establish a baseline level of
performance for each client and provides all team members with a
method of tracking a client's progress in primary areas of daily func
tioning (Uniform Data System for Medical Rehabilitation 1993). While
the FIM tool may be entirely conducted by any treatment team mem
ber, occupational therapists are often responsible for completing the
self-careand transfers portion of the assessment.

Through joint and discipline-specific evaluation, the occupational
therapist and the treatment team members, in collaboration with the
older adult, prepare for the client's discharge either home or to the
next level of service.

OCCUPATIONAL THERAPY INTERVENTION

Upon completion of the OT assessment, the OT practitioner begins
intervention planning and implementation. Practitioners may
employ a combination of interventions including the therapeutic use
of self, the therapeutic use of occupations and activities, education
and consultation with either individuals or groups (AOTA2(02).

Additionally, based on the etiology of the client's deficits, practi
tioners use a combination of the following treatment approaches:
create/promote, establish/restore, maintain, modify and prevent.
(This approach is used when a client's pathological condition,
Alzheimer's or Parkinson's disease for example, is progressive in
nature. In these situations, the absence of OT intervention would
result in significant decline in a client's functional performance,
thereby increasing his or her burden of care.)

The following case illustrates how occupational therapy might be
applied in geriatrics.
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Case study

Arlene's physician referred herto home healthcare services
including nursing, physical therapy, and occupational therapy.
The physician's orders for occupational therapy included
training in activities of daily living, transfers, instrumental
activities of daily living (homemaking), increasing left upper
extremity active range of motion (ROM) and left upper
extremity strengthening.

Arlene, an 83-year-old female, recently fractured herleft
distal humerus, herdominant extremity, when she fell trying
to get to the bathroom one night. While the doctor performed
nosurgery or casting to Arlene's left arm, he had immobilized
it with a simple sling for 6 weeks. He has removed thesling
and has ordered therapeutic services through a home health
agency. Arlene has diabetes and experiences atrial fibrillation.
Her right middle finger was surgically amputated 1 year ago.
Arlene has type II diabetes and undergoes kidney dialysis three
times per week.

Occupational profile

Arlene resides in a two-story home with herhusband and
adult son. Her husband uses compressed oxygen 24 hours
per day and herson works full time in a warehouse. Prior to
herfall and subsequent left humeral fracture Arlene slept in
herbedroom and used the bathroom on the second floorof her
home. Arlene currently does not access hersecond story
because she cannot use the single handrail when descending
the stairs because of left upper extremity pain and ROM
limitations. She sleeps in a rented hospital bed on the first
floor. As there is no bathroom on the first floor, Arlene toilets
using a portable commode and sponge bathes in the kitchen.
She relies on herson to empty the commode and for
assistance with bathing and dressing. Arlene reports
significant limitations when attempting herfavorite
occupations, cooking and baking.

Arlene reports that she longs to sleep in herbed upstairs as
well as use the second-story bathroom. She also wishes to
prepare a simple lunch for herself and herhusband without
the assistance of herson.

Arlene uses a straight cane when ambulating throughout
herhome and requires supervision to doso as her
compromised endurance and dynamic standing balance put
herat risk of future falls.

Analysis ofoccupational performance

The occupational therapist observed Arlene's performance in
functional mobility(transferring to and from the bed, the
commode, a kitchen chair and a reclining chair) and in self
care (item retrieval required for grooming in the kitchen and
hand washing). Arlene required minimal assistance (a helper
contributed approximately 25% of the effort necessary for

Arlene to engage in the tasks) with transfers and moderate
assistance (a helper contributed approximately 50% of the
effort necessary for Arlene to engage in the tasks) with most
self-care tasks. The therapist also assessed Arlene's left upper
extremity status and function, including pain and edema
(excess swelling that had accumulated in Arlene's hand as a
result of sustained immobilization and now interfered with her
mobility) evaluation, active/passive ROM and muscle strength
measurement. Moderate edema of Arlene's left hand and wrist
was noted. She experienced moderate pain during gentle passive
ROM of hershoulder and elbow and had significant active and
passive ROM and strength limitationsthroughout her left upper
extremity. Additionally, the therapist assessed Arlene's home in
order to make recommendations to insure the client's safety and
to optimize herfuture occupational performance. The
occupational therapist noted obstacles such as clear oxygen
tubing strewn on the floor in multiple rooms.

The occupational therapist, in collaboration with Arlene, set
the following long-term goals:

1. Arlene will perform all self-care with supervision onlywithin
5 weeks.

2. Arlene will prepare a simple lunch for herhusband
independently within 5 weeks.

The occupational therapist setcorresponding short-term
goals for each long-term goal. For example. in order to meet
long-term goal number one, Arlene would first meet the
following short-term goal:

Arlene will comb herhair using her left hand with minimal
assistance within 2 weeks.

Occupational therapy intervention

Arlene's occupational therapist used a variety of intervention
approaches to insure Arlene's goal accomplishment.

Prevention: As Arlene's humeral fracture resulted from a fall,
the occupational therapist educated herand herfamily in fall
prevention. To increase visibility, yellow duct tape was applied
to theclear oxygen tubing at 6-inch intervals. Additional lighting
in hallways, especially for night use, was also recommended.

Restoration: The occupational therapist instructed Arlene in
left upper extremity active assistive ROM exercises. Additionally,
she engaged Arlene in therapeutic activities and occupations
designed to increase shoulder, elbow, wrist and fingerstrength
and ROM. For example, Arlene used herright hand to assist the
left hand in pressing out a graham cracker piecrust and later
cleaned the tableusing her left upper extremity, stretching to
reach a bit further with each swipe of the dishcloth.

Modify: The occupational therapist introduced Arlene to
adaptive dressing equipment, a sock aid and shoe horn to
assist herwith lowerextremity dressing. Arlene is not expected
to fully regain the function of her left upper extremity, but
would still like to don hersocks and shoes independently.



An Of consultant, hired by the manager of a high-rise apartment
building for independent seniors, uses the createlpromote approach
when instituting a work simplification and energy conservation pro
gram in the setting so that seniors might not become overly fatigued
when shopping or preparing meals. The createlpromote approach
targets the well population with the aim of enhancing quality of life
through participation in occupation.

An Of practitioner uses the establishlrestore approach to inter
vention when he/she facilitates a patient's functional skills that were
lost as a result of a particular condition. An O'I' practitioner teaching
a stroke survivor how to use a spoon again uses the establish/restore
approach to intervention.

Occupational therapists often work with families whose loved ones
have dementia. As a client with dementia is forgetful and will pro
gressively decline in functional performance, the occupational thera
pist uses the maintain approach to intervention when he/she suggests
ways in which the family could structure the home environment to
support or preserve the client's current abilities. For example, to main
tain an older adult's independence with dressing himself, an occupa
tional therapist might post signs with pictures of simple sequences to
remind the client to put on his socks before putting on his shoes.

When using the modify approach to treatment, OT practitioners
alter tasks or environments to insure the client's success in functional

References

American Occupational Therapy Association (AOTA)2002
Occupational therapy practice framework: domain and process.
Am J Occup Ther 56:609-639

BoytSchell BA,Cohn ES,Crepeau EB2003aOccupational therapy
practice today. In: Neistadt ME,Crepeau EB(eds) Willard and
Spackman's Occupational Therapy, 10th edn. J.B.Lippincott,
Philadelphia, PA

G~riatric occupational therapy 531

performance. For example, an OT practitioner would recommend
showering while seated on a tub bench for an older adult who has
sustained bilateral lower extremity amputations.

Finally, OT practitioners concern themselves with preventing fur
ther disability among their clients. Older adults recovering from
lower extremity joint replacement, for instance, would benefit from a
fall prevention program.

CONCLUSION

Occupational therapy practitioners work closely with a number of
different healthcare professionals in caring for geriatric clients. They
use therapeutic occupation and activities as their primary modality
in meeting their patients' needs. Finally, regardless of the setting,
occupational therapists and assistants, upon completion of a thor
ough assessment, insure clients participate as fully as possible by
employing a variety of treatment approaches including creation/pro
motion, restoration/establishment, maintenance, modification and
prevention.
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INTRODUCTION

This chapter is designed to introduce the reader to current physical
therapy practice and its importance in the rehabilitation process.
Physical therapy is an integral part of the rehabilitation process of
the older adult. As the population ages, physical therapists will play
a pivotal role in the recovery of geriatric clients who have experi
enced disease or illness.

The American Physical Therapy Association (APTA)'s Guide to
Physical Therapist Practice provides the following definition: 'Physical
therapy is a dynamic profession with an established theoretical base
and widespread clinical applications in the restoration, maintenance,
and promotion of optimal physical function' (APTA2003).The World
Confederation for Physical Therapy (WCPI), a nonprofit organization
comprising 92 member organizations representing over 250()()() physi
cal therapists worldwide, states that 'the aim of physical therapists is to
identify and maximize human movement potential within the spheres
of promotion, prevention, treatment, and rehabilitation, in partnership
with their clients' (World Confederation for Physical Therapy 2005).

The primary goal of geriatric physical therapy is to prevent, main
tain or rehabilitate an impairment or functional limitation, which is
accomplished with the application of evidence-based scientific princi
ples. The rehabilitative process should be geared to assist the older
person to achieve the highest level of function possible within their
environment. Physical therapy tries to focus on functional mobility
while maintaining safety, enabling the older adult to enjoy a longer life
by living it more independently and with less pain. The WCPT has a
subgroup called the International Association of Physical Therapists
working with Older People, whose goal is to serve as the international
resource for physical therapists working with the elderly.

Physical therapists are healthcare professionals involved in the
examination and evaluation of individuals with neuromuscular,
musculoskeletal, cardiopulmonary and integumentary disorders. The
physical therapist can then determine a physical therapy diagnosis

and develop an individualized intervention plan to achieve short- and
long-term goals for improved function. Physical therapists do not
limit their skills to treating people who are ill. A Significant portion of
time is spent working on health promotion and prevention of primary
and secondary problems to avert an initial injury or secondary impair
ment that would lead to subsequent loss of movement and function.

The physical therapist is a graduate of a college or university
physical therapist education program, which in the US is accredited
by the Commission on Accreditation in Physical Therapy Education
(CAPTE), and has passed a licensing examination that is regulated
by each state. The physical therapist assistant holds an Associate's
Degree from a college program also accredited by CAPTE. The WCPT
currently recommends a minimum of 4 years of university-level
studies to achieve professional recognition. Physical therapist assis
tants are licensed in most states through examination. They are not per
mitted to perform evaluations, but can perform many of the treatment
activities under the supervision of a physical therapist. Supervision
requirements vary from state to state.

The APTAhas set forth a goal that, by the year 2020,physical ther
apy will be provided by physical therapists who are doctors of phys
ical therapy (APTA 2005). As of 2006, 78% of 209 CAPTE accredited
physical therapist education programs offered the Doctor of Physical
Therapy (OPT) degree. It is anticipated that, by the year 2008,95%of US
physical therapy programs will be offering the DPT degree.

Geriatric physical therapy can be practiced in a variety of settings
including acute care hospitals, rehabilitation centers, skilled nursing
facilities,continuing care communities, home healthcare agencies and
outpatient clinics.Geriatric physical therapy is committed to combating
and minimizing the accumulative disabling effects of physical illness in
association with the aging process. This is performed by hastening con
valescence and reducing institutionalization, education of the patient
and caregivers, contributing to the comfort and well-being of the
patient, and assisting the individual to return to optimal living within
their capabilities. Geriatric physical therapy has beenrecognized as an
area of specialization that requires a specific set of advanced skills and
knowledge that addresses the aging process. Specialists in geriatric
physical therapy understand the differences between 'normal' aging
and pathological changes that commonly occur in the older adult.
Assisting the geriatric client can be an arduous task because of multi
system involvement and multiple comorbidities. Special considerations
such as psychosocial issues, reimbursement, environmental, frailty,
nutritional, pharmacological and cultural factors must be accounted for
in a successful rehabilitation process. The American Boardof Physical
Therapy Specialties first recognized individuals as board-eertified geri
atric clinicalspecialists (GCSs) in 1992 Tobecome a GCS,one must be a
licensed physical therapist, spend a prescribed number of hours in
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direct patient care with the elderly, and pass a rigorous written exami
nation. The WCPT (2005)supports the specialization process.

REFERRALS TO PHYSICAL THERAPY

There are many reasons to seek out the knowledge and skills of a
physical therapist. Box 83.1 is a useful, but not entirely inclusive, list

Box 83.1 Possible indications for geriatric physical
therapy referral

.. Recent fall or history of falls

.. Deficits in strength or range of motion
• Loss of mobility orambulation requiring an assistive device
'" Musculoskeletal pain
" Difficulty with transfers
• Orthotic or prosthetic needs
" Open wound
'. Neurological disorder

Balance deficits
Decreased endurance for ADLs

• Bed bound status
• Need foradaptive equipment toenhance safety and function

of possible indications for a physical therapy referral. Physical thera
pists understand a vast array of problems that affect physical func
tion and general health. They utilize screening to enable them to
refer to other appropriate healthcare practitioners if the therapist is
serving as a portal to the healthcare system. Physical therapy is a rap
idly evolving profession. In most states, an individual can have direct
access to a physical therapist for evaluation and treatment without
first seeing a physician for a referral. The APTA's Vision Sentence
states that physical therapists will be 'recognized by consumers and
other health care professionals as the practitioners of choice to whom
consumers have direct access for the diagnosis of, interventions for,
and prevention of impairments, functional limitations, and disabilities
related to movement, function, and health' (APTA2oo5).

Many older people do seek out a physician as the traditional first
stop in the healthcare process, with subsequent referral for physical
therapy, although thismay be underutilized. Johnson et al (1994)deter
mined that almost half 'the patients who were hospitalized and found
to be deficient in ambulatory or transfer skills compared with status at
admission did not receive physical therapy services. Interestingly,
those patients who received physical therapy in the hospital were sig
nificantly more likely to receive it in the postacute period. It is possible
to infer that elderly medical patients develop functional disabilities
during hospitalization that are not appropriately recognized. Routine
physical screening of aU elderly patients should be performed by nurs
ing staff to determine if there has been any loss of physical perform
ance. Freburger et al (2003) found that, even after controlling for
diagnosis, illness severity, and physical therapy supply, referrals to
physical therapy were much less likely from primary care physicians in
comparison with orthopedic surgeons. This lack of referrals affects the
quality of care received and may eventually result in an increased cost
if a treatable condition worsens. Delays in care can also lead to
decreased functional outcomes and frustration for clients and patients.

In a hospital, the physician is traditionally in charge of the patient
as he or she has admitting privileges. The therapist may very well be
an employee who is assigned the case through a scheduling rotation or

based on their specific skills (e.g. GCS), and does not usually have the
authority to seek older persons in need of services without a referral
from the physician. The physician has traditionally served as the
'gatekeeper' to the healthcare system.

Outside the hospital, a great number of states do allow direct
access, although the majority of therapists still receive referrals from
a physician, physician's assistant or nurse practitioner. Direct access
varies considerably in terms of legal, practice and reimbursement
models. Some limitations or barriers to receiving physical therapy
services result from legal issues, but other reasons include lack of
public and healthcare provider education. Additionally, most sec
ondary payers such as the federal government and private insurance
carriers limit reimbursement without a physician referral.

Interestingly, Miller et al (2005) found that over 66% of physician
orders or referrals to physical therapy for geriatric clientele specified
only 'evaluate and treat' or 'PT consult'. This finding does indicate
some degree of physician confidence in the expertise and decision
making skills of physical therapists.

ASSESSMENT OF THE GERIATRIC PATIENT

Evaluation of clients, whether referred or by direct access, should
include a history as well as a physical examination using various tests
and measures (see Box 83.2). The examination should also include a

Box 83.2 Tests and measures provided by physical
therapists (APrA 2003)

• Aerobic capacity/endurance
• Anthropometric characteristics
• Arousal, attention, and cognition
• Assistive and adaptive devices
• Circulation (arterial, venous, lymphatic)
• Cranial and peripheral nerve integrity
• Environmental, home, and work ijob/school/play) barriers
• Ergonomics and body mechanics
• Gait, locomotion, and balance
• Integumentary integrity
• Joint integrityand mobility
• Motor function (motor control and motor learning)
• Muscle performance (including strength, power, and

endurance)
• Neuromotor development and sensory integration
• Orthotic. protective, and supportive devices

• Pain
• Posture
• Prosthetic requirements
• Range of motion (including muscle length)
• Reflex integrity
• Self-care and home management (including activities of

daily living and instrumental activities of daily living)
• Sensory integrity
• Ventilation and respiration/gas exchange
• Work ijob/school/play), community, and leisure integra

tion or reintegration (including instrumental activities of
daily living)



systems review for screening purposes to rule out any pathological
conditions that need to be referred to other health professionals. The
therapist then evaluates the data collected and makes clinical judg
ments based on this information to establish a physical therapy diag
nosis. The geriatric physical therapist is able to interpret the data
gathered into categories, syndromes or clusters to determine the
appropriate intervention strategies. This can be quite a challenge in
older adults because they present with more complex problems. The
aging process has taken some toll on the body, and multiple patholo
gies may exist that may exaggerate, or hide, underlying conditions.
The experienced therapist will attempt to determine, where possible,
which problems are age related and which are due to pathology.

The examination of Mrs S (see Case study) reveals that she has had
several recent falls, history of osteoarthritis, hypertension and athero
sclerotic heart disease. She was taking Lasix, acetaminophen (parae
etamol) and Evista prior to the hospitalization and she has begun to
take them again. She is unsure of what medications she was given in
the hospital. Tests and measures reveal overall left hip strength of
3+ /5; a mild kyphosis; independent gait with a standard walker,
weight-bearing as tolerated at approximately 75%, limited due to
pain rated at 3/10; difficulty with activities of daily living (ADLs);
decreased balance (Tinetti score of 20/28); limited endurance as she
is only able to ambulate 80 feet in 2 minutes before requiring a rest
period; and she is hard of hearing. Vital signs at rest: blood pressure
(BP) 140/82, heart rate (HR) 74, respiration rate (RR) 20. Vital signs
after gait: BP 150/86, HR 110, RR 28. She has not been on a regular
exercise program.

The physical therapist must now analyze these data. There is a
myriad of factors that will need to be considered before progressing
to the next steps of goal setting and selection of interventions. The
geriatric therapist has to screen for a possible lower extremity blood
clot because of recent surgery and recognize that Evista has a ten
dency to promote clots. The physician will need to be contacted
regarding medications. Knowing that the best predictor of a fall is a
previous fall, the therapist must try to determine the underlying
cause of her falls. The Performance-Oriented Assessment of Mobility,
commonly called the Tmetti assessment, was chosen by the therapist
because of the patient's ability to use an assistive device. Addition
ally, the therapist felt that the Berg Balance Scale would be too diffi
cult for the patient to perform safely. The Tinetti score (see Table 83.1)
indicates that she remains at a moderate risk of falling. Is the cause
external (environmental, such as loose carpeting) or internal (possi
bly orthostatic hypotension caused by taking Lasix as an antihyper
tensive medication)? Is she able to get in and out of her apartment
independently in case of emergency or able to shop for food? Will she
require a call alert, home health aide, Meals on Wheels or other serv
ices? These factors must be accounted for in order to insure a suc
cessful rehabilitation process.

Casestucly

Mrs S is an 82-year-old retired school teacher who lives
alone in a two-storey walk-up apartment. She had fallen
at home, fracturing the left femoral head. After a 5-day
hospitalization for a left hemiarthroplasty, followed by a
2-week stay at a skilled nursing facility, shewas referred
to a home health agency. The physical therapist is
scheduled to open this case the day after her return
home.
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GOAL SETTING AND INTERVENTIONS

Improved function must be the priority focus of interventions pro
vided by the geriatric physical therapist. Functional goals are estab
lished with the patient, and sometimes with family or caregiver, in
order to determine the appropriate treatment interventions. The skills
of the therapist are utilized to provide appropriate treatment strategies
and techniques. For this case study, the long-term goal of return to
being an independent functioning, cornmunity-dwelling individual
was determined. To meet this long-term goal, several short-term goals
were set. These included:

• Safe and independent gait, with full weight bearing left lower
extremity with a walker, progressing to a cane and stair climbing
as appropriate.

• Increase lower extremity strength to 4/5 to enable progression
to cane.

• Increase Tinetti score to 24/28 to decrease risk of falls.
• Independent with ADLs to decrease outside care and expense.
• Increase endurance and ambulatory velocity to 100 feet (30.48m)

in 1 minute with a perceived exertion level not to exceed '5' on a
0/10 scale or '13' on the 0/20 Borg Rating of Perceived Exertion
Scale.

Table 83.1 TheTinetti assessment tool

Gaittests Maximum score is 12

Balance tests Maximum score is 16

Totals Maximum score is 28

Score 19or below = high risk of falls

Score 20-24 = moderate risk of falls

Score 25and above = low risk of falls
------------------------

Table 83.2 Case study evaluation and interventions

Evaluation findings Interventions

Decreased hip strength Progressive resistance exercise

80% 1 rep max, 8-12 repeats withoutpain

Decreased balance Balance exercise at kitchen counter or heavy
chair, progress with less upper extremity
support

History of falls External: loose rugs, cords, pets

Internal: check BP sit to stand and provide
education

Diminished gait status Gaittraining with appropriate assistive
device including stairclimbing. Mayneed to
order cane or quad cane

Decreased endurance Increased ambulatory distance, while
monitoring vital signs, home exercise
program. Monitorthrough use of target
heart rateor perceived exertion

Other needs Raised toilet seat, grab bars for bathroom,
are banisters adequate in stairwell?
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The therapist must monitor and continually assess the client's
progress in the short-term goals in order to update them and
progress toward the long-term goal. Modification of the interven
tions must be made if outcomes are not being successfully achieved.
Additionally, the therapist must provide preventative and wellness
education to this client regarding the importance of regular exercise,
osteoporosis and posture.

In order to achieve the long-term functional goal, interventions
are planned to improve Mrs S's impairments. These interventions
will be tailored to meet this individual's needs and tolerance (see
Table 83.2).

In addition to the above noted interventions, the physical thera
pist may identify the need for additional services. Referrals were
made to occupational therapy for ADL training and to social services
in order to arrange Meals on Wheels. Geriatric patients, i n particu
lar, benefit from a team approach. The elderly are commonly affected
by a variety of interacting problems that can be better solved with
input from several points of view. It is essential that members of the
team communicate with each other in order to achieve a positive
outcome.
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INTRODUCTION

Internationally, older adults are confronted with numerous chal
lenges as they age (Lemme 2006). In addition to normal age-related
changes, there are frequently disease states that must also be
addressed in order to age successfully. The social service provider
plays an important role in assisting older adults to adjust to age
related changes through adaptive changes and devices, and to adjust
to the disease state when required, through the rehabilitative process.
It is recognized that not all elderly people will require rehabilitation.
Some will need treatment, time and perhaps education to return to
their previously healthy state. The social service provider can con
tribute to positive outcomes.

As a member of the rehabilitative team, the social service provider
performs a key role. In order to succeed, the team needs specific infor
mation from the social worker or geriatric care manager. Initially, this
individual completes a comprehensive social work assessment and
social history providing important data that will be incorporated into
the rehabilitative care plan and enable theolder client to achieve his
or her goals. While various forms are available (see Form 84.1) for
completing this task, in many settings, the format is dictated by the
agency or department. As a result of education and training, profes
sional social service providers are efficient at completing an assess
ment, taking a social history, determining needs and strengths, and
developing discipline-specific goals. In assessing the elderly, addi
tional considerations must be entertained in order to facilitate opti
mal care/services placement.

....Nll:LF

Additional considerations, which include goal incongruence, cure vs,
care, client and family perceptions, personality, activities and diversity

issues, can either assist or detract from the success of the rehabilitative
process.

Goal incongruence
In the rehabilitative process, the team often determines that the
appropriate placement is a structured living arrangement, whe~as t~e

older client believes that the appropriate living arrangement IS their
home. This goal incongruence between team and client is not
restricted to just placement but can include driving, employment,
financial management and other issues of autonomy. Unresolved
goal incongruence hinders the rehabilitative process. In addressing
this issue, the social worker should capitalize on the client's motiva
tion to go home by communicating that several steps are necessary to
attain this goal. By graphically demonstrating the intervening steps
toward the goal (see Fig. 84.1), the social worker utilizes the client's
motivation to achieve the rehabilitative team's goal as well as his or
her own personal goal. In Figure 84.1,several possible steps are identi
fied in a rehabilitation process to capitalize on a patient's motivation to
return to their own home. Step one is attending therapy until X% of
function is gained. Step two is learning to use adaptive devices. Step
three is discussing the required supports and home adaptations with
the social worker and family. Step four is placement in a personal care
home for a period of 6 months in order to demonstrate the ability to
do X.Step five is to return home. While returning home may not even
be an attainable goal, the social worker should avoid making it an issue
in order not to detract from the rehabilitative process.

Cure vs, care
The socialserviceassessment should address the older client's desire for
care or for cure. Many clients will want a cure. Other clients will want a
purpose in their lives and that purpose may be the caregiver~ent

interaction. The rehabilitative team needs to be aware that older clients
need care to achieve cure. Care is also the opportunity for such thingsas
intimate touch by the physical therapist, occupational therapist, nurse
or physician. Care also gives purpose to the day. The older client needs
to go to the outpatient clinic on Monday; to cardiac rehabilitation on
Tuesday; to the pharmacy on Wednesday, etc. Theolder client's regular
interaction with the social worker or home health aide is an opportunity
to socializeand to feel valued by the provider. In contrast, cure, by elim
inating therapy or treatment, creates a loss of the caregiver-client inter
actions. Recognizing thissituation, the rehabilitative team can then plan
around the loss if, indeed, care is the focal issue, so that the client will
not be excessivelyconcerned.
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~----~-----------------------------------------

Form 84.1 Social work assessment form
~---- -~~----------------------------------------
Room #: Admission date: _
Name: _

Address: _

Phone: _

Rehab. DX: _

Employment status: _

Income sourcelsl: _

FAMILY/CAREGIVER

Marital status: M S DW Sep. Spouse name:
Others in household: Name: Age: _

Other contact: Name: _

Address: _

Name: _

Age: DOB

Hospital admitted from:
Insurance info.: _

Physician: _

Other DX:

Employer:
Work phone: _

Empl.
Phone: _

Phone:

HOME/ENVIRONMENT
Type of home: Own: Rent: No. of floors: No. of steps: _

Primary entry: No. of steps: Handrails: _

Bedroom location: Bath location: Handrails: _

Mental status and emotional reaction: ~

Alert? Oriented? Depressed? _

Equipment at home: Anticipated equipment needs: _

Home health agency? Othercommunityservices? _
Patient family goals: _

Plan: Comments: _

Social worker: Date: _

Client. family and others' views of rehabilitation
The social service provider needs to assess both the client's and the
family's view of the expected outcomes of rehabilitation. If the pre
vailing view is that the rehabilitative plan will not help or that the
client is doomed to fail, the client's potential for success is seriously
impaired. The social worker must provide education, appropriate for
reading and comprehension level, and perhaps even involve other
team members in the education process.

Personality

Figure 84.1 Steps in rehabilitation to consider when a patient is
motivated to return home.

Knowledge of the client's personality in their youth is beneficial in
determining possible issues and appropriate team approaches prior
to therapy (Hoyer & Roodin 2003).Someone who was guarded at age
40 tends to be more guarded, if not suspicious, as they age, especially
when under stress. As an overly friendly approach would increase
suspicion and hinder therapy, the social worker should employ a pas
sive friendly approach. This would entail briefly discussing the reha
bilitation process and then pulling back and letting the client ponder
the information. Next, could be one or two more short visits by the
social worker, asking if there are any questions or concerns, followed
by gently asking the client what are their thoughts and when might
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4.1 't. _
Most rehabilitation patients require the use of assistive devices, if only
for a short time. Ordering durable medical equipment (DME) in a
managed care climate requires knowledge of preferred provider rela
tions and limits of coverage. Patients and families rely on social
workers for this knowledge.

Basic items such as canes, walkers and wheelchairs are covered by
most insurance carriers for appropriate patients. Larger items such
as lifts, continuous passive motion units and even hospital beds are
less readily available and may not be covered at all. Items such as lift
chairs or stair glides are rarely, if ever, covered by insurance. Some
DME suppliers have previously used lift chairs and stair glides, as
well as other items available at reduced cost.

Those patients injured under workers' compensation or automobile
plans may be covered for special items. Each individual has to be
reviewed separately.

Some rehabilitation facilities or agencies for the disabled may
employ an equipment adaptor. This professional person modifies
and customizes medical equipment to individual needs. This can be
a very helpful service for the geriatric patient.

..... .... I .._ ... ._.......-".~~:oio~...,. ....DURABLE MEDICAL EQUIPMENT

A home visit by members of the rehabilitation team allows family mem
bers to be interviewed in a familiar, nonthreatening setting. It allows
therapists to evaluate the home for barriers and adaptations that may be
needed. Occasionally, a home may be dangerous or inappropriate for a
patient's return. Extreme clutter, filth, lack of utilities or disrepair may
require community intervention. The socialworker will have to refer
these rare situations to the Protective Service Unit of the Area Agency
on Aging or some other appropriate agency. A first-hand view of the
home environment helps the social worker to prepare the family for
the patient's return and also helps to coordinate community services
for the patient's return home.

The home

Diversity

THE GERIATRIC CARE MANAGER

Activities
An assessment of the older individual's activities and activity style
enables one to get a good understanding of the severity of the client's
condition and its impact on the client's life. The passionate reader,
who after completing therapy has 50% mobility, may be satisfied,
whereas the passionate walker would be upset. The social worker
needs to address this situation by first discovering the needs met by
walking, e.g. stress reduction, and then by providing either alterna
tive methods to meet the needs or by modifying the walking pattern,
e.g. a slower pace, a shorter distance or a different frequency. This
might require the involvement of other members of the rehabilita
tion team. A bright light at the end of the rehabilitation tunnel will
motivate the older person to work harder and ultimately experience
better results from rehabilitation.

Social service providers need to be cognizant of ethnic diversity and
cultures. African-Americans, Pacific Asian Americans, American
Indians and Hispanic Americans all have different belief systems. The
older American Indian will approach rehabilitation differently from
the African-American. The manner in which the team approaches,
addresses, and instructs the client is important to the outcome of ther
apy (Quadagno 2005).The social worker should educate the team as to
how to address diverse populations as well as their cultural beliefs in
terms of medical care and, in fact, if they are even accepting of tradi
tional medical care.

they be ready to start the rehabilitation process? This process can take
a bit more time but yields more positive results. U someone had
always demanded perfection, and with therapy, could not expect
100% return to function, the social worker would also need to
address this in therapy.

Home health
A geriatric care manager (GCM), as defined by the National Associa
tion of Professional Geriatric Care Managers, is a health and human
services professional, such as a gerontologist, social worker, coun
selor or nurse, with a specialized body of knowledge and experience
related to aging and elder care issues. The GCM assists older adults
and persons with disabilities in attaining their maximum functional
potential. They strive to respect the autonomy of the individual and
to deliver care coordination and support services with sensitivity, in
order to preserve the dignity and the respect of the individual. In
addition, the GCM is an experienced guide and resource for families
of older adults and others with chronic needs. As time progresses and
as baby boomers age, the rehabilitative team will work hand in hand
with this newly emerging professional. Clinical journals, business
publications and weekly news magazines frequently discuss the cur
rent concept of care management for older individuals. The GCM can
be quite helpful to the social worker in terms of assessment and
understanding of the older person in need of rehabilitation. The role
of the GCM will develop internationally as the older population
grows. The title of GCM could vary from country to country as the
profession matures. At present, no international organization exists.

When discharge approaches, the social worker and the rehabilita
tion team need to consider the post rehabilitation requirements and
needs of the client and family. Those requirements and needs include
the home, durable medical equipment, home health and community
services.

Medicare and most major insurance plans cover rehabilitative and
nursing services in the home after the patient has been discharged
from a facility if a skilled service (a physical therapist or a registered
nurse) is ordered by a physician. In some cases, a nurse's aide may
be covered for personal care, such as bathing. As with DME, many
carriers are now requiring the use of preferred providers for home
health services.

It should be noted that rural areas are often underserved by home
health rehabilitative services. This can delay the initiation of care in
the home.

Many people are under the impression that Medicare or other
insurance companies provide for private nurses or aides in a patient's
home. Medicare has never covered this service, and most other plans
have long since discontinued such benefits. There are many agencies
that offer this help for a fee.

Community services
The following are useful community services that have traditionally
helped older people to remain at home; however, as public funds for
these programs have dwindled, agencies have initiated fee-for-service
arrangements. This has resulted in shorter waiting lists and faster
start-up for services. Of course, it has also resulted in increased costs
to the older consumer.
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AreaAgency on Aging (AAA)

This is a local, public agency funded by federal and state monies; the
agencies were created to provide support for older people in their
homes. Some of the services offered include homemakers, personal
care aides, friendly visitors, Meals on Wheels (MOW), and so forth.
A means test determines eligibility, and the services are generally
limited to 1 or 2 hours a week. Some AAA offer personal attendant
care or TItle XX (Lamp II or Options) programs designed to help the
most physically challenged individuals stay at home. Agencies on
Aging are generally run by county governments. Phone numbers and
addresses can be found in the blue pages of the telephone book.

Chore

Chore services may be available through AAA or another public
agency. This useful program can help to build ramps, attach
handrails, or provide other minor adaptations. All materials are pur
chased by the individual receiving the service.

Mealson Wheels

This is perhaps the best known service. MOW provides a full meal
for the homebound individualS days a week or more. A fee is gener
ally charged for this service. This agency is also listed in the blue
pages of the telephone book.

Transportation

Adequate transportation services are the most common need of the
elderly, especially for the geriatric rehabilitation patient. Most commu
nities offer some type of subsidized transportation for eligible indi
viduals. These programs function as a cross between a bus and a
taxi. The vehicles, usually modified vans, travel specified routes but
require advance notification of appointments. Vans equipped with
wheelchair lifts are available, but extra notice may have to be given.
Ambulance transport for routine medical appointments is rarely
covered by insurance and is very expensive. Many ambulance pro
viders offer wheelchair van service at more reasonable rates.

PLACEMENT

Despite the best efforts and the fervent hopes of all, the goal
of returning home may not be possible for all patients. Inadequate
progress in therapy or insufficient support at home may make nursing
home, assistive living or other appropriate placement the only appro
priate course of action. The social worker has to be sensitive to feelings
of guilt, abandonment and hopelessness as he or she guides the patient
and family through the application process. Furthermore, if the realities
of modem healthcare make the first choice of a facility unachievable,
the social worker must be frank and straightforward in dealing with
placement issues. At all times, lines of communication must be kept
open to make the patient's transition as smooth as possible.

References
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collagen 425-426
Colles' fracture 168-169
colon, therapeutic intervention 239
colon cancer 82

clinical relevance 238
incidence 237
metastases 239
treatment 239

color vision 361-362
colostomy 239
coma 176
communication 373-377

cognitive dysfunction 375-376
cultural considerations 373-374
dementia patients 186, 187
executive dysfunction 373
hearing impairment 375, 376
hearing loss 371
literacy 374
visual impairment 375, 376
world view 374-375

community services 539-540
comorbidities 4
complement 59
complementary therapies 477-482

acceptance level 477-478
benefits 479
types 478-479

compliance 373
stiffness prevention 426

compresses 346
compression neuropathies 396
compression therapy for wounds 327,

330,331
computed tomography (CT) 75-76, 77-7,

80
advantages/disadvantages 87, 89
brain imaging 80,84
brain tumors 230
cervical spine 160
neck pain 88
Parkinson's disease 199
radiation dose 86
stroke 86,181-182

computed tomography arteriography
(CTA) 89

computer fatigue, visual 358
conduction disturbances 271-273
confidentiality 492

elder abuse 498
conflicts in geriatric rehabilitation 494

discharge plans 495-496
confusion 6, 376
conjunctiva 362
connective tissue 426-427

biomechanical changes 425-426
elastic component 426
elongation 426-427, 428



stress 427
stretching 427
viscous component 426

consciousness, altered levels 70
consent, patient 488,492

safety actions 497
constipation 46,396
constraint-induced therapy (CIT) 183
contact dermatitis 352
continuous passive range of motion

machines (CPMs) 117
provision 539
supracondylar fractures of distal femur

170
contraction, maximal voluntary 119-120
contractures 115-117,426

activity levels 115-116
arthrogenic 116
mechanisms 115
myostatic 115
neuromuscular techniques 117
pathology 116
prevention 116
pseudomyostatic 115
treatment 116-117

contrast agents 75,81, 83
intravenous 81, 83

contrast sensitivity 361
conversion disorder 209-210
coordination, orthopedic trauma 168
coronary arteries

atherosclerosis 259
changes 32
spasm 260

coronary artery bypass surgery (CABG)
259,289-291,292

grafts 259,289
minimally invasive 290
therapeutic intervention 290-292

coronary artery disease 34, 259
heart failure 275
risk 251-252

corticosteroids
bone metabolism 122
COPD 299
injections 220
intraarticular 130
systemic lupus erythematosus 131
see also steroids

cortisone 64
costal expansion, lateral 156
costochondritis 154
cough

defibrillator patients 284
efficacy 38, 40
mycobacterium tuberculosis

303-304
counseling

family 188
nursing role 527
osteoporosis 124

C-reactive protein (CRP) 260
creams 345-346
creatinine, serum levels 70,392

creatinine phosphokinase-myocardial
band (CK-MB) 262

critical pathways 522
cross-linkage theory 7
cruciform anterior spinal hyperextension

(CASH) orthosis 450
cryotherapy 453
cultural factors in communication 373-374
cure vs care 537
Cushing's disease 110
cyclo-oxygenase 2 (COX-2) inhibitors 64
cyclophosphamide 131,301
cyclosporin 301
cytokines 11

D

dantrolene sodium 179
dark adaptation 362
death, impending 506
DeBakey assist device 294
decision-making

by patients 492
discharge plans 496
ethical 494-495
political 502

deconditioning 50
decubitus ulcers 395
deep pharyngeal neuromuscular

stimulation 383
deep vein thrombosis 276,302
defecation 387
defibrillators 283-284

implantable cardiac 277, 283-284
therapeutic intervention 284

degenerative joint disease 99
prostate cancer 247

deglutition process 381-382
dehydration 34,44

aquatic therapy 482
diuretics 55
exercise 110

delirium 185
multiple problem presentation 520

dementia 185-190
adverse drug reactions 392
Alzheimer's disease 66, 185, 186, 189
discharge planning 495
executive dyscontrol 376-377
exercise 189-190
hormone replacement therapy 400
occupational therapy 531
Parkinson's disease 203
patient empowerment 186-187
self-eare enhancement 187-190

demographics 357,501-502,505
demyelination 191
depersonalization 375-376
depolarization, cardiac 265, 266,293
depression

caregivers 515
defibrillator patients 284
dementia 189
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dizziness 405
multiple sclerosis 192,194
Parkinson's disease 203
without sadness 520

dermatitis
atopic 350
contact 352
stasis 350
treatment 349-350

dermatological agents 345-346
dermatomyositis 154
diabetes mellitus 69,70,307-313

ankle brachial pressure index 312,322
autonomic neuropathy 312-313
cardiovascular function 311-312
classification 307,308
complications 311-313
diagnosis 307-308
exercise 310
foot infections 89,92
hyperglycemia 310
hypoglycemia 309-310
insulin therapy 308-309
macrovascular complications 310,311
medical treatment 308-309
microvascular complications 310,311
newly diagnosed 308
peripheral neuropathy 215,312
peripheral vascular disease 312,316
Pityrosporum folliculitis 347
prevalence 307
racial groups 307
renal failure 313,392
stroke risk 181
therapeutic intervention 308-310
type 1 308-309,310
type 2 308,309,392
vascular complications 312
wound healing 312

diabetic ketoacidosis 308
diabetic nephropathy 313, 392
diabetic neuropathy 224-225
diabetic retinopathy 313, 365
diaphragm 38
diarrhea 387
diastolic dysfunction 34
diathermy, short-wave 453
diazepam 64,179
diet

cultural issues 373-374
diabetes mellitus 308,309
dysphagia 383
fracture prevention 418
macular degeneration risk 364
modifications in gout 132
obesity 440
osteoporosis prevention 124
thermoregulation 55
see also nutrition

differential diagnosis 160,164
diffuse idiopathic skeletal hypertrophy

(DISH)
cervical spine myelopathy 160
thoracic spine 163
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diffusing capacity of the lung for carbon
monoxide (DLeO) test 301

digestive system 43-46
digital rectal exam 245
digitalis 302
dignity issues 496
digoxin 34, 67
direct access to physical therapy 489
disability

evaluation in visual impairment 358
prevention of progression 531

Disability Insurance 507
discharge planning 495-496
disease-modifying antirheumatic drugs

(DMARDs) 131
diseases

multiple coexistence 519-520
presentation 76,84-86,88-89,520
underreporting 520

disengagement theory 6
diskitis 89

lumbosacral spine 164
disuse, functional loss 28
diuretics

congestive heart failure 67
heart failure 277
hypertension 67
potassium deficiency 110
pulmonary hypertension 302
thermoregulation 55

diversity issues 539
diverticular disease 46
dizziness 369-370,403-408

activities of daily living 405
balance impairment 405
causes 404
diagnosis 403--405
exercise 406-408
functional loss 405
history 404--405
imbalance 404
presentation 403-405
walking program 408

Dizziness Handicap Inventory 404,
406

donepczil 66
dopamine 199
dowager's hump see kyphosis, thoracic
driving, prosthetic rehabilitation 318
drug eruptions 351
drug therapy 63-68

balance effects 410
cardiovascular disease 34
fracture healing 418
movement disorders 210-211
multiple sclerosis 198
Parkinson's disease 202
thermoregulation 55-56
vertebral compression fractures 125

drusen 364-365
duloxetine 217
dumping syndrome 239
durable medical equipment 539
durable power of attorney 489,495

dying 509-511
emotions 511
role of caregiver 517
role of rehabilitation 510

Dynamic Gait Index 412
dynamometers 108
dyskinesias 205-212

classification 210-211
rehabilitation 211-212

dysphagia 45,421-425
assessment 423
brain tumors 231-233
conditions affecting 422
etiology 421
Parkinson's disease 232-233
prevalence 421
treatment 424-425

dyspnea
assessment 254,255
emphysema 299
heart failure 276, 277

dystonia 206

E

ear, functional changes 369-371
echocardiography 262
Ecological Framework 374
ectropion 362
eczema, asteatotic 350
education

nursing 527
see also patient education

elastic recoil loss 38,49,298
elastic stocking 395
elder abuse 488-489, 515

ethics 498
electrical stimulation

dysphagia 383
fracture healing 417
functional 139, 183
inferential current 452
neuromuscular 183
pain control 451-452
wound healing 330-331

electrocardiography (ECG) 265-266
myocardial infarction 262

electromyographic feedback, glenohumeral
subluxation 139

electromyography
glenohumeral subluxation 139
tremor 207

emollients 349,351
emotional pain 497
emotional processing 22
emotional status, visual loss impact

362-363
emotions, palliative care 511
empathy 511
emphysema 297-300

clinical manifestation 298-299
contributing factors 298
panacinar 297

paraseptal 297
treatment 299-300

employment
gag clauses 488
protection for older workers 489

empowerment model 25
emulsions 345-346
end of life care 509-511
endothelial dysfunction 48,49
endothelium 47,48
endothelium-dependent vasodilation

(EDV) 51
endothelium-derived constricting factors

(EDCF) 49
endothelium-derived relaxing factors

(EDRF) 49
endurance 108

assessment 155
training 462, 471

energy
expenditure in amputees 471
flow 479
requirements 43

environmental adaptation 188
gait training 462
occupational therapists 531

environmental factors, balance 410
Epley maneuver 404
eptifibatide 288
equipment

adaptive 510
durable medical 539
see also assistive devices

equipment adaptor 539
ergonomic devices 437
error catastrophe theory 7
erysipelas 347-348
erythema multiforme major 351
erythrocyte sedimentation rate (ESR) 70
erythroderma, exfoliative 351
esophagus 45
essential tremor 208-209
estrogen

osteoporosis prevention 418
replacement therapy 399
vascular changes 49-50
vertebral compression fractures 125

ETDRSeye chart 359
ethics 491-498

of care 492-493
codes of 493-494
conflicts in geriatric rehabilitation

494
decision-making 494-495
discharge planning 495-496
education curriculum 497
elder abuse 498
legal obligations 495
long-term care 496-497
managed care 497-498
morality 491
principles 491-492,493-494
restraint use 497
virtue 492-493



ethics committees 494
ethnic diversity 539
Europe, population 501-502
evaporative loss 50,54,55
executive dysfunction 375

communication 373
executive function 375

disordered 376-377
exercise(s) ~

active-assistive motion 136
activity log 256
aerobic 51,291,454
after myocardial infarction 262, 263
aging adults 251-257
ambient temperature 56
amputation 317
autonomic neuropathy 312
balance training 412,413,421
balance treatment 412,413
blood chemistry imbalance 110
blood pressure 108
breast surgery 235
CABGpatients 290, 291
cancer risk ~,109

cardiac output 50
Chairbound box 109
CNS effects 109
cognitive impairment 189-190
cool-down 255, 256
dehydration 110
dementia 189-190
diabetes mellitus 308, 309, 310
dizziness 406-408
duration 254
dysphagia 383
eccentric elevation 138
effectiveness of water therapy 482
frequency 254
function 5
glenohumeral subluxation 139
glucose blood levels 310
heart failure 277
iatrogenic conditions 397
immobility management 395-396
immune system 61
intensity 253-254
intolerance in heart failure 276, 277
isometric submaximal 136
maximal oxygen consumption 33
mode 253
neuropathic foot 342-343
nonaerobic 454
nutritional status 110
obesity 440
osteoarthritis 130, 454
oxygen requirement 50
pain control 453--454
palliative care 510
Parkinson's disease 201
peripheral neuropathies 216
physical activity progression 254-255
post-stroke 109
postural 171
precautions 454

pregait 461
prescription 253-254
progressive resistance 168
prostate cancer 247
pulmonary hypertension 302
pulmonary system changes 40-41
relaxation 201
resistive 130
screening for 252
session components 255, 256
strengthening 138, 156, 168

spinal cord injuries 179
stretching 130, 179
termination guidelines 254, 255
tolerance 283
training 40, 50-51
valvular heart disease 279
vascular system response 50-51
vertebral compression fractures 124
vestibular dysfunction 406-408
water 421
weight-bearing 421
wound care 331-332

exercise machines 109
exercise testing 252
extrapyramidal dysfunction, drug-induced

210-211
eye

physiological changes 362
structural changes 362
structure 358

eye charts 359, 363
eye disease prevalence 357
eyelids, changes 362

F

Faces Pain Scale 445,446
faith communities 515
falls 28,409

dizziness 404
drug-induced 392
multiple sclerosis 197
peripheral neuropathy 215, 216
prevention 412,418,471
risk 410,411,412

Falls EfficacyScale 411
familial adenomatous polyposis 237
familial choreoathetosis 210
family

aphasic patients 376
brain tumors 231
caregivers 515
dementia patients 188
discharge plans 495
long-term care 517
obligations 495
occupational therapist support 531
palliative care 511
patient autonomy 492
perceptions 521
rights 495
social interaction 517
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social services outcomes 538
societal pressures 516
structure changes 503
see also caregivers

Family and Medical Leave Act (1993) 489
family support groups 188
fascicular block 273
fasciculation 205-206
fat, dietary 43
fatigue 431-434

associated conditions 431
concepts 431,432
definition 431
heart failure 276,277
instruments 432,433,434
interventions 434
measurement 432, 433, 434
multiple sclerosis 192, 194, 197
older people 432

fear 511
fecal impaction 387, 396
feed-forward automatic task 29
Feldenkrais technique in Parkinson's

disease 201
femoral neuropathy 224, 225
femur

distal, supracondylar fractures 170
neck fractures 169

fetal tissue transplantation 203
fever 53,54
fibrinous adhesions 425, 426
fibroblast growth factor (FGF) 417
fibromyalgia, lung involvement 154
Fick equation 251
fidelity 492
fingers

mechanosensory receptors 436
see also nails

fitness 5
Five Steps to Safer Healthcare 391-392
Flexicurve ruler tracings 419,420
flovent 299
fluconazole 347
fluid requirements 44
fluoroscopy 75
fluoxetine 65
folliculitis 347
foot

autonomic neuropathy 326
bony destruction 334
care after amputation of opposite limb

315
Charcot's 326,334
circumferential measurement 338
deformities 333
heel ulceration 327
imaging 89,92
infection 92
neuropathic 334,335-338,338,339-341

changes 333
exercise protocol 342-343
neurological involvement 334
sensation evaluation 334
therapeutic interventions 342-343
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foot (Contd)
orthoses 465
peripheral neuropathy 213,214,216,

326
plantar ulcers 342
pressure ulcers 327
prosthetic 317,474
re-ulceration prevention 338,342
sensation loss 334
tinea 346
ulceration 333,338,342

diabetic 312
wound status evaluation 338

foot posture index 103
foot-drop 222-224
footwear

diabetes 312
gait 462
pain control 449-450
peripheral neuropathy 216,312

force platform systems 461
forced expiratory volume in 1 sec (FEVt )

298-299
forced vital capacity 298-299

vertebral compression fracture effects
121

fracture orthoses 466
fractures 415-422

care 167
Charcot's 334,342
distal radius 168-169
femoral neck 169
further injury prevention 418-420
healing 416,417

pharmacological interventions 418
hip 415,416
intertrochanteric 169
occult 416
operative reduction and internal

fixation 136--137
osteoporotic bone 168,415

hormone replacement therapy 400
therapeutic interventions 417-418

pain management 418
pathological 416
proximal humerus 136--137,168
repair in elderly 416
skull 177
spine 415
stress 416
supracondylar of distal femur 170
tibial plateau 170-171
wrist 168-169,415
see also vertebral compression fractures

frailty 111
Frank-Starling law 32
free radical theory 7
friction massage

deep 117
transverse 134

frustration 511
function

exercise 5
recovery 29

functional assessment 6
functional capacity, baseline 252
functional electrical stimulation 183

glenohumeral subluxation 139
Functional Gait Assessment 412
functional incontinence 389
functional independence 4
Functional Independence Measure (FIM)

529
functional loss

disuse 28
dizziness 405

Functional Reach test 411
functional residual capacity (FRC) 38
functional training in spinal cord injury

178-179
funding of treatment choices 498
fungal infections 346--347

G

gabapentin 217
gadolinium 83
gagging 382-383
gait

assessment 412,457,458-460
deviations 460, 462
evaluation in neuropathic foot 334
footwear 462
intervention strategies 460
normal 458
outcome measures 458-460
pathological 458
peripheral neuropathy 215,216
postpolio syndrome 119,120
restoration of functional 169
velocity 462

gait pattern 29
assessment 155
multiple sclerosis 192,197
Trendelenburg 169

gait training 457-462
environmental adaptation 462
mobility 457,461
Parkinson's disease 201
prosthetic rehabilitation 317-318
transfer activities 457,461

gangrene, peripheral vascular disease
325

gastric cancer
clinical relevance 237-238
hematogenous dissemination 238,239
incidence 237
metastases 239
presentation 238
therapeutic intervention 238-239

gastritis, atrophic 45, 237
gastroesophageal reflux disease 45
gastrointestinal tract 44-45

immobility effects 396
general adaptive syndrome (GAS) 22
generational conflict 501-504

paradigm shift 502-503

geriatric assessment
interdisciplinary 519-522
occupational therapy 529
optimal site 522
physical therapy 534-535
process 520-522
social services 537, 538

geriatric care manager (GCM) 539
geriatric nursing 525-527
gerontological nursing 525-527
gestational diabetes 307
giant cell arteritis 133
glare sensitivity 361
Glasgow Coma Scale 176,177
glatiramer acetate 198
glaucoma 363,364,365
glenohumeral joint, osteoarthritis 137
glenohumeral subluxation 139,183
glioblastoma multiforme 229-230
glipizide 309
glomerular filtration rate (GFR) 392
glucagon, intramuscular 310
glucose, intravenous 310
glucose blood levels 69,307-308

exercise 310
fasting in diabetes 308
hypoglycemia 309-310

gluteus medius muscle tear imaging 95
glyburide 309
glycemic control 308, 309
glycoprotein lIb/IlIa inhibitors 288
goal incongruence 537
goal setting 535-536
goblet cells 297, 299 .
Goldmann perimeter 360
Goldmann tonometer 365
gout 132,392
Graphic Rating Scale (GRS) 445
grasping 436,437
grip strength 108
griseofulvin 347
growth factors

fracture repair 416-417
topical application 331

guardianship 495
caregivers 516--517

guilt 511

H

Haemophilus influenzae 59
hair follicles, infections 347
hamstrings, flexibility 179
hand

aging 435-438
clinical assessment of function 437
deformities in rheumatoid arthritis 131
development of function 437
evaluation 435
grasp 436, 437
grip strength 436
motor control 436-437
numbness 219-222



orientation 437
therapeutic training 437
tinea 346
transport 436
tremor 436
see also nails

hand-arm position 437
hand--eye system 435, 437
hands-on treatment 188-189
happiness, authentic 375
head

injury 175-178
mobility 428

healers' hands, energy flow 479
healing process 319
Health Care Financing Administration

(HCFA) 506
health education 527
Health Insurance Portability and

Accountability Act (HIPAA) (1996)
489

healthcare
advocacy 516
continuum 507,510
European services 502
hOnle 503,507-508,530

nursing 539
social services 539

market-driven 497
vision-related costs 357, 358

healthcare providers
discharge planning 495
role 503-504

hearing, measures 370--371
hearing aids 371
hearing impairment

communication 375, 376
evaluation 370--371

hearing loss 22, 370
Paget's disease 166
remediation 371

heart block 271-272
heart disease

clinical development 259-263
hormone replacement therapy

399
ischemic 268,281
progression 259-263
risk modification 400

heart failure 33, 275-277
clinical manifestations 276, 277
congestive 60,67-68,275,277
contributing factors 276
exercise in prevention 34
ventricular 275-276

heart hugger 291-292
heart rate 32, 251

aquatic therapy 482
exercise intensity 253-254

heart sounds, pulmonary hypertension
302

heart valves
congenital deformities 278
replacement 292

heart valvular disease 277-279
causes 278
clinical manifestations 278-279
procedures 292-293
therapeutic interventions 279

HeartMate ventricular assist device 294
heat application, contractures 116
heat exhaustion 55
heat intolerance, multiple sclerosis 192,194
heat stroke 55
heat-related emergencies 57
hematological assessment 70
hemiballism 207
hemiparesis, amputations 315
hemiplegia with shoulder pain 138-140
hemoglobin levels 70
hemostasis, disorders of 352
herpes simplex 346
herpes zoster 346
heterotopic ossificans 179
high density lipoprotein (HDL) 69

diabetes 308
hip

abduction 143
abductor strengthening 169
extension 112
flexion contracture 116
fractures 415,416
imaging 94-95
mobility 427
stiffness 428
strengthening 143

hip arthroplasty, total 141-143,144-146
cement techniques 142
function changes 144-145
home-healthcare rehabilitation

142-143
indications 141
noncement techniques 142
outcomes 143
outpatients 142-143
postoperative considerations 143
questionnaires 144-145
rehabilitation 142-143
surgical approaches 141-142

hip orthoses 466
hip-knee-ankle-foot orthoses 466
holistic therapies 477,478, 479
home- and community-based services

(HCBS) 515-516
home healthcare 503,507-508

occupational therapy 530
social services 539

homeostasis
diminished reserves 520
physiological range 6

homeothermy 53
homonymous hemianopia 360
honesty 511
hormonal imbalance 110
hormone replacement therapy 399-400

fracture healing 418
hospice care 506, 511
Hospital Insurance Trust Fund 506
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hospitalization 391
hostility, caregivers 515
human immunodeficiency virus (HIV)

infection 303
humerus, fracture of proximal 136-137,168
humoral immunity 60
Huntington's chorea 210
hyaluronic acid 426
hydrodynamics 481
hydrogel-impregnated gauze 330
hydrostatic pressure 481
hydrotherapy 327, 330, 331
hyperglycemia 308

diabetes mellitus 310
hyperkyphosis 102-103
hyperlipidemia 68
hyperpolarizing factor 49
hypertension

atrial fibrillation 268
diabetes 308
drug therapy 67
macular degeneration risk 364
stroke risk 181

hyperthermia 54
avoidance 58

hyperuricentia 132
hypoglycemia, diabetes 309-310
hypokinesis 426
hypotension

orthostatic 179,395
postexercise 108-109

hypothalamus 54
hypothermia 55

avoidance 58
surgical patients 56

hysterical tremor 209-210

iatrogenesis 391-397
adverse drug reactions 392-393
immobility 393-394
interventions 392, 394, 395-397

ileostomy 239
illness cascade 519-520
illness diagnosis models 3-4
imaging 73-96

choice of modality 86-87, 89
contrast agents 75, 81, 83
modalities 73-86
screening 81
spine 88,89,159-160

imbalance 404
multiple sclerosis 192,197

immobility 391, 393-394
interventions 396-397
negative effects 466
organ system effects 394-396

immune system 59-61
dysfunction 6Q--61
exercise 61
function 59-60
therapeutic interventions 61
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immune theory 7
immunity, acquired/innate 59
immunosuppressants 198
impaired glucose tolerance 308
impetigo 347

bullous 352
implantable cardiac defibrillators 277,

283-284
incontinence

bowel 387-388
urinary 388--390

independence 504
independent functional ability 4
infections

foot 90,92
nosocomial 61,391
prevention 61
respiratory 298,302-304
risks 59-60
skin 346-348
therapeutic interventions 61

inferior vena cava filters, pulmonary
embolism 302

infestations 348--349
inflammation 11

drug treatment 63-64
inflammatory bowel disease 46
influenza, vaccination 61
information disclosure, elder abuse 498
informed consent 488, 492

safety actions 497
inner ear 369
instrumental active daily living apparatus

(IADLs) 437
insulin

hyperglycemia 310
resistance 69
therapy 308--309

insulin-like growth factor 1 (IGF-1) 11
exercise effects 109

insurance regulations 492
intention tremor 208,209
inter Resident Assessment Instrument

(interRAI) 502
interdisciplinary teams 494-495

case conferences 521
geriatric assessment 519-522
occupational therapists 529
pallia tiVI' care 510

interferon 198
interleukin 6 (IL-6) 11
intermittent claudication 315,325
International Classification of Diseases

(ICD) 3,457
International Classification of Function

(lCF) model 25
International Classification of Impairments,

Disabilities and Handicaps (ICIDH)
model 24

intertrigo 350
intertrochanteric fractures 169
intraocular lens (IOL) implant 364
intraocular pressure 365
intrinsic muscles 436

Iowa Pain Thermometer (IPT) 444
iridotomy 365
irritant contact dermatitis 349-350
ischemic mononeuropathy 333
isoniazid 304
itraconazole 347

J

Jewett hyperextension orthosis 450
joint capsules 18
joints 17-18

bursitis 133
cartilaginous 17
deformities in rheumatoid arthritis 131
degenerative disease 99
fibrous 17
hand 436
immobility effects 394
mobility assessment 155
mobility loss 425-428
mobilization 117,156
synovial 17
see also contractures; range of motion

(ROM)
junctional rhythm 269-270

K

Karvonen method, heart rate range
253-254

Katz Index of activities of daily living 444
key questions 187
knee

extension 112
flexion contracture 116
imaging 91
mobility 427
osteoarthritis 450
pain 449-450
stiffness 428

knee arthroplasty, total 147-148,149
clinical rating 149
implants 147-148
rehabilitation 148
surgical fixation 147-148

knee brace 450
knee immobilizers 466
knee orthosis 466
knee prostheses 474
knee-ankle-foot orthosis 120,466
Koebner's phenomenon 350
Kellner's law 362
kyphoplasty 125-126,127,421-422
kyphoscoliosis 154

physical examination 122
kyphosis 102

postural stresses 151-152
spinal osteoporosis 450
thoracic 38,154,163
thoracic arthroplasty 138

L

laboratory studies 69-71
aging effects 71
indications for 7G-71
normal values 70

lactase deficiency 45
large intestine 46
laser therapy

atherectomy 289
Maze procedure 289,293

laxatives, misuse 56
learned helplessness 375
learning, CNS 23, 29
left heart catheterization (LHT) 287,288
leg

circumferential measurement 316, 338,
472

condition of remaining 472
volume containment 471-472
see also amputations; ankle; foot; hip;

knee
legal disclosure requirements 492
legal issues 487-490

decision-making 495
ethical obligations 495
Medicare 506

lens 358
changes 362
intraocular implant 364

lethargy 70
levodopa 65-66, 202,211
lichen simplex chronicus 350
lidoderm transdermal patches 217
life expectancy 501
lifestyle changes, menopause 400
lifts 539
ligaments 19-21
limb see amputations; leg; prostheses
limbic system 22
lindane 348, 349
lipids 69

diabetes 308
literacy 374
litigation 487
liver 45
living wills 489,504
long-term care 496

caregivers 517
ethics 496-497
Medicaid funded 508

lotions 346
louse infestation 349
low-density lipoprotein (LOL) 69

diabetes 308
low vision

definition 366
evaluation 362-363
prevalence 366

Lower Limb Prosthetics Medical Review
Policy (Medicare) 472,472-473

lumbar (LS)radiculopathy 223
lumbar radiculopathy, upper 224



lumbosacral orthoses 467
lumbosacral plexopathy 224
lumbosacral spine 164

stenosis 164,214-215
lung(s)

breast cancer metastases 235
elastic recoil loss 38, 298
function 38, 40
obstructive disease 152
occupational disease 298,300
restrictive disease 152-154
structure 38
volume changes 38, 40
see also pulmonary diseases

lung cancer 304
bronchogenic carcinoma 301
metastases 304

lung capacity, total 301
lymphedema therapy, breast surgery 235

M

McGill Pain Questionnaire (MPQ) 445
macrophages 59
macular degeneration 361-362,363

age-related 364-365
macular holes 365
magnesium

deficiency 110
serum levels 69

magnetic resonance arteriography (MRA)
89

magnetic resonance imaging (MRI) 76,
79-80,81

advantages/disadvantages 87,89
brain imaging 80, 84, 85
brain tumors 230
cervical spine 160
diskitis 89
foot infections 92
hip 94-95
multiple sclerosis 193
neck pain 88
nerve sheath tumor 92
Parkinson's disease 199
safety 86
shoulder 93-94
spine imaging 88, 89
stroke 181-182
vertebral compression fractures 90, 123

magnetic resonance imaging, functional
(fMRI) 182

magnetic resonance imaging (MRI)
spectroscopy 182

Majocchi's granuloma 347
malabsorption 45
malignancy 60

brachial plexopathies 221-222
brain tumors 230
exercise influence 5, 109
lumbar radiculopathy 224
lumbosacral plexopathy 224
lungs 304

pathological fractures 416
thoracic spine 163

malignant melanoma 243
malnutrition 61

dietary management 46
malpractice

claims 487
legal bases 487-488
negligence 487

managed care
ethics 497-498
gag clauses 488

manual muscle test (MMT) 107, 108
manual skills 435
manual therapies 478
manubrium 151
market-driven healthcare 497
massage 450-451

contractures 116-117
deep friction 117
palliative care 511
transverse friction 134

mastectomy 234
Maze procedure 289,293
meals on wheels 540
mean arterial pressure (MAP) 49
mechanistic therapies 478
mechanosensory receptors, fingers 436
median nerve compression 219-220
Medicaid 505,508
medical advocacy 516
Medicare 505-508

costs 503,505
expenditure 505
healthcare continuum 507
history 505
hospice care 506,511
key players 506
lawsuits 506
legislation 505
Part A 506,507
Part B 507
political decisions 502
regulations 492
reimbursement criteria 507
service implementation 506
social security trust funds 506-507

Medicare Modernization Act (2003) 506
memory loss 28
meningiomas 230
menopause management 400
mental state

brain tumors 230
dehydration 110
Mini-Mental State Examination 187,

375
meperidine 63,64
meralgia paresthetica 224
metabolic acidosis 310
metabolic equivalents (METs) 252

activity level 255
metabolic function, immobility effects

396
metabolic syndrome 307, 308
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metastases
brachial plexopathies 221-222
brain tumors 230
cervical spine 160
lung cancer 304
malignant melanoma 243
prostate cancer 246, 247
thoracic spine 163

metformin 83,309
methotrexate 131
Mexican-American elders 373,374
microalbuminuria 313
microfractures 416
mind/body interventions 478-479
minerals

deficiencies 436
dietary requirements 44

Mini-Mental State Examination 187, 375
minute ventilation 299
mitral regurgitation 278
mitral stenosis 278
mitral valve 277
mobility

amputation 316,317,469
ankle 427-428
assistive devices 462
gait training 457,461,462
head 428
hip 427
knee 427
neck 428
pelvic 427
quality of life 391
ribs 428
shoulder 428
skills 202, 203
stiffness 427-428
thermoregulation 54-55
trunk 427
well-being 391
wheelchair 178

models of healthcare 3-4, 23-25
morality 491
morphine 63,64

palliative care 510
motor control 28

orthopedic trauma 168
theories 25, 26, 27

motor learning 28,29
theories 25,26, 27

motor performance, functional assessment
108

motor planning, Parkinson's disease 201
motor relearning program 183
motor skills loss 28
motor system 22-23
motor units 9
movement

awareness techniques 478
impairment 27

movement disorders 205-212
classification 210-212
drug-induced 210-211
rehabilitation 211-212
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mucociliary clearance 297,299
mucosal immune system 46
Multidimensional Fatigue Inventory

(MFl-20) 432,433,434
multiple sclerosis 191-198

classification 191-192
clinical features 192,193-195,195
diagnosis 192
examination of patient 195-196,197
fatigue 192
interventions 197-198
onset 191
primary progressive 191-192
progressive-relapsing 192
relapsing-remitting 191,192
secondary progressive 191,192
tremor 436

muscle(s)
contractions 107
endurance 10,394
fat infiltration 11
fibers 10
hand 436
heat generation 55
hypertrophy 108
immobility effects 394
inflammation 11
mass 10
metabolism 55
postpolio syndrome 119-120
postural 103,104
power 10
protein metabolism 11
respiratory 153
stretch reflexes 214,222
stretch weakness 111-112
tension 107
weakness 10, 107-112
see also skeletal muscle

muscle strength 9-10,107
assessment 107-108
immobility effects 394
see also strength training

musculoskeletal pump 37, 38
musculoskeletal system 9-11

immobility effects 394-395
myasthenia gravis 110
Mycobacterium tuberculosis 303-304
myelopathy 159

cervical spine 222
myocardial contractility 32, 34
myocardial infarction (MI) 259,261-263

clinical aspects 261-262
complications 262-263
diagnostic tests 262
exercise in prevention 34
heart failure 276
PTCA risk 288
silent 312,520
unstable angina 260

myocardial ischemia 32-33,260-261
heart failure 276

myocardial perfusion, transmyocardial
revascularization 293

myocardial pump dysfunction 276, 277
myoclonus 206
myofascial release (MFR) 117,479
myofibroblasts 425
myokimia 110
myopathy

corticosteroid 110
hypokalemic 110
statin-induced 68, 110,392

myosin heavy chain (MyHC) 11
myositis ossificans 179
myostatin 15

N

Nagi's model of Impairments/Functional
Limitations/Disability 24

nails 436
fungal infections 347
psoriasis 350

natural killer (NK) cells 59
Naughton-Balke treadmill protocol 253
neck

imaging 88
mobility 428
pain 88,159
stiffness 428

needs at the end-of-life screening tool
(NEST) 510

negligence 487
neoplasms 215,229-247
neoprene sleeve 466
nephrogenic systemic fibrosis 83
nephropathy

diabetic 313
iodinated contrast-induced 83

nerve conduction velocity 6
nerve sheath tumor imaging 92
nerves, hand 436
nervous system changes 21-23
neuroarthropathy 333-334
neurofacilitation 183, 188
neuroleptic drugs, extrapyramidal

dysfunction 211
neurological disorders

drug therapy 6~
immobility effects 396

neurological trauma 175-180
neuromuscular dysfunction, contractures

116
neuromuscular electrical stimulation 183
neuromuscular facilitation, Parkinson's

disease 201
neuromuscular function 9-11
neuromuscular re-education, urinary

incontinence 390
neuromuscular techniques, contractures 117
neuropathic tremor 209
neuropathic ulcers 324, 326

treatment 331
neuroplasticity 28

theories 25,26,27

nevi 242
night vision loss 365
Nikolsky's sign 351
nitric oxide 49
nitrogen balance, immobility effects 396
nitroglycerin 261,263
nits 349
noise, hearing effects 370
non-steroidal antiinflammatory drugs

(NSAIDs) 63-64
gout 132
osteoarthritis 130
rheumatoid arthritis 131
systemic lupus erythematosus 131

Norton scale 327,330
nosocomial infections 61,391
Novacor ventricular assist device 294
nuclear medicine 81, 82-83

advantages/disadvantages 87,89
numbness 219-225
Numeric Rating Scale (NRS) 444
nursing

administrative role 527
advocacy role 527
case management 526-527
counseling 527
education 527
four steps 526
gerontological!geriatric 525-527
health education 527
home healthcare 539
public policy development 527
research 527

nursing homes 540
nutrition

artificial 383
interventions 61
meals on wheels 540
requirements 43-44
seealso diet

nutritional deficit 55,61
assessment 70
seealso malnutrition

nutritional status
assessment 70
brain tumors 231
exercise 110

nystagmus 403

o
obesity 439-440
occupational disease

COPD 298
pulmonary fibrosis 300, 301

occupational therapy
assessment 529
geriatric 529-531
intervention 529,531

ointments 345
Old Age and Survivors Insurance (OASI)

507



Older Americans Act (OAA) 508
older workers 489
oligodendrogliomas 230
Omnibus Budget Reconciliation Act (1987)

497
onychomycosis 347
operative reduction and internal fixation

(ORIF) 136-137
intertrochanteric fractures 169

ophthalmic symptoms, multiple sclerosis
192,194

ophthalmoscope, confocal laser scanning
360-361

opioid analgesics 63, 64
vertebral compression fractures 124

optical coherence tomography «(x:T)
365

optimism 375
oral bacteria, aspiration 60
oral cavity 44--45
oral glucose tolerance test 308
oral health 44
oral supplements 46
orchidectomy 247
orlistat 440
orthopedic trauma 167-171
orthoses 465-467

breast surgery 235
contractures 117
foot 465
meralgia paresthetica 224
multiple sclerosis 198
pain control 449-450
peripheral neuropathies 216
postpolio syndrome 120
prostate cancer 247
robotic gait 462
sciatic neuropathy 224
spinal 450
spinal cord injury 179
vertebral compression fractures

450
see also footwear; shoes

orthostatic tremor 209
osteoarthritis 129-130

exercise 130,454
hand grip strength 436
knee 450
pain control 449
stiffness 426
therapeutic interventions 130

osteoblasts 14
osteoclasts 14,416
osteogenic cells 416
osteoid 14
osteomalacia 14,164-165

femoral neck fractures 169
osteomyelitis

decubitus ulcers 395
imaging 92
lumbosacral spine 164

osteoporosis 121-127
exercise 124
femoral neck fractures 169

fractures 168,415
hormone replacement therapy 400
therapeutic interventions 417-418

hormone replacement therapy 400
multiple sclerosis 192
physical examination 122
posture effects 99-100
prevention 124-125,400
spine 450
surgical management 125-126, 127
thoracic spine disorders 163
treatment 168
vertebral compression fractures 418
vitamin 0 deficiency 110
see also vertebral compression fractures

osteotomy, angulation 130
otoconia 404
overflow incontinence 389
overstretching 117
overweight 439-440
oxygen

aquatic therapy 482
demand 276
exercise 50
maximal consumption 33, 40, 50, 51
supplemental 300, 302
transport 47

p

Pwave 266
atrioventricular block 272
premature atrial contractions 268

pacemaker cells 265
pacemakers 281-283

complications 282-283
dysfunction 283
function 282
heart failure 277
indications 281
permanent 282, 283
temporary 282, 283
universal reference system 282-283

pacing mode 283
Paget's disease of bone 165-166
pain

abdominal 76
acute chest 76
angina 261,263
aquatic therapy 482
arterial insufficiency 325
assessment tools 444-446
assistive devices 449-450
back 88
bone 165-166
conservative interventions 449-454
control 449-454
cryotherapy 453
diabetic neuropathy 225
drug treatment 63--64
electrical stimulation 451-452
emotional 497
evaluation 443-446
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exercise programs 453-454
fractures 418
history of patient 443-444
impairment 444
knee 449-450
lumbar (1..5) radiculopathy 223
massage 450-451
myocardial infarction 263
neck 88
orthoses 449-450
palliative care 510
peripheral neuropathies 216-217
physical signs 444
shoulder 135,160
spiritual 497
thermal agents 452-453
with hemiplegia 138--140
see also neck, pain

palliative care 504,510
emotions 511
pain management 510
rehabilitation role 510-511

pallidotomy 202-203
Pancoast's syndrome 222
pancreas 45
papillary muscle 277
parasympathetic nervous system 50
paresis, stroke 183
parkinsonism 199
Parkinson's disease 65-66,199,200-201,

201-203
diagnosis 199
evaluation 200-201
imaging 199
interventions 199,201-202
signs/symptoms 199
surgical treatment 202-203
tremor 199,207-208,436

paronychia, candidal 347
paroxetine 64, 65
paroxysmal choreoathetosis 210
patellar reflex loss 224
paternalism 492
pathogens 59
patient care, direct 525-526
patient education

nursing role 527
osteoporosis 124
peripheral neuropathy 216
prosthetic rehabilitation 317
social services 538
systemic lupus erythematosus 131-132

Patient Self-Determination Act (1990) 489
patient-provider relationship 497-498
Pediculus humanus (pediculosis) 349
pegaptanib sodium 365
pelvic exercises 203
pelvic floor muscles 387
pelvic girdle stiffness 428
pelvic mobility 427
pemphigus vulgaris 352
peptic ulcer disease 45
perceptual-motor abilities 435
percutaneous balloon valvuloplasty 279
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percutaneous transluminal coronary
angioplasty (PTCA) 288

pergolide 202
perineum, sensation loss 388
peripheral blood vessels 50
peripheral nervous system, traumatic

damage 179
peripheral neuropathies 70

causes 215
diabetes mellitus 215, 312
differential diagnosis 214-215
examination 213-214
foot 326
foot-drop 222-224
functional ramifications 215
generalized 213-217
hand numbness 219-222
localized 219-225
neuropathic ulcers 326
regional 219-225
signs/symptoms 213
thigh numbness/weakness 224-225
treatment 215-217

peripheral vascular disease 60
diabetes 312,316
gangrene 325
ulceration 325

peripheral vascular resistance 32
permethrin 348
peroneal neuropathy, common/deep 223
personal care attendants 516
personality of client 538-539
pessimism 375
pethidine see meperidine
Phalen's sign 219-220
phantom limb sensation 316,317
pharmacology 63-68
phenobarbital 351
phenytoin 351

peripheral neuropathies 217
phosphate 14

deficiency 110
metabolism 164-165

photodynamic therapy 365
photosensitivity,patient education 131,132
Phthirus pubis 349
physical activity

after myocardial infarction 262, 263
obesity 440
progression 254-255

physical changes, key 188-189
physical therapy 533-536

aquatic 481-482
data analysis 535
dementia patients 187-189
direct access 489,534
goal setting 535-536
goals 533
immobile elderly patients 397
interventions 535-536
measures 534
multiple sclerosis 196
osteoporosis 124
patient assessment 534-535

professionalism 491
qualifications 533-534
referrals 534
tests 534
training 533-534

physiological tremor 208
piezoelectric effect 479
pioglitazone 309
Pityrosporum folliculitis 347
placement of patients 540
platelet-derived growth factor (PDGF)

417
pleura, abnormalities 153
pleural effusion 153

breast cancer metastases 235
pleurisy 153
pleuritis 153
plexopathy 224
pneumoconiosis 300, 301
pneumonia 302-303

afebrile 520
aspiration 381, 383
clinical manifestations 303
interventions 303
pneumococcal 60,61
prevention 303

pneumonitis, hypersensitivity 300
poison ivy 349
polio eradication 120
political decisions 502, 505
politics, partisan 501
polymethylmethacrylate (PMMA) cement

126,127,142
polymyalgia rheumatica 132-133,160,

426
polyneuropathy, progressive distal 333
polypharmacy 391, 392
population, aging 503
position changes, immobility 395
positron emission tomography (PET) 81,

83
Parkinson's disease 199
stroke 182

postpolio syndrome 119-120
post-traumatic tremor 209
postural control 409
postural response

automatic 409,410
Parkinson's disease 202

postural tremor 207-208
posture 99-104

appendicular skeleton changes 101,
102, 103, 104

assessment 99
axial skeleton changes 99-101
clinical interventions 103, 104
correction exercises 156
during swallow 383
flexed 112
forward-flexed 419
maintenance 410
peripheral neuropathy 215
soft tissue changes 101
stiffness 427-428

stretch weakness 111,112
walking 419

potassium deficiency 110
powders 346
power of attorney, durable 489, 495
prednisolone 64
prednisone 298, 299
Preferred Practice Patterns, multiple

sclerosis 192
pregabalin 217
pregait exercises 461
premature atrial contractions 268
premature ventricular contractions 270
presbycusis 370
presbyopia 358-359,375
pressure blisters 351
pressure relief, spinal cord injuries 179
pressure ulcers 320, 324, 326-327

immobility effects 395-396
risk assessment 327, 328-330

Prinzmetal's angina 260
privacy issues 496
professional responsibilities 497
professionalism 491
progressive decline model 6-7
progressive distal polyneuropathy 333
progressive resistance exercise (PRE) 168
proprioceptive neuromuscular facilitation

(PNF) 117, 183
prostacyclins 302
prostaglandin growth factors 331
prostaglandins ~
prostate cancer 245-247

metastases 246, 247
prostatectomy, radical 247
prostate-specific antigen (PSA) 245-246
prostatic acid phosphatase (PAP) 246
prostheses 469-474

amputation 316,317
definitive 473
design 473
donning/doffing 471
feet 317,474
knee 474
patient evaluation 469,470-471,

471-472
preparatory 473
prescription 472,473-474
sockets 473
suspensions 474

protein, dietary 43
pruritus 349
pseudogout 132
psoriasis treatment 350-351
psychoneuroimmunology 478-479
psychosis 65
psychosocial factors

brain tumors 231
thermoregulation 54-55
thoracic assessment 155

psychotropic medications 64-65
extrapyramidal dysfunction 211

public policy development 527
puborectalis muscle 387



pulmonary capillary bed 38
pulmonary diseases 297-304
pulmonary edema 60
pulmonary embolism 276,302
pulmonary fibrosis 297,300-301
pulmonary function tests 298-299
pulmonary hypertension 301-302
pulmonary infections 298,302-304
pulmonary system 41-45

age-related changes 41-45
clinical measurements 40
disease 41, 45
fitness 37,41
physiology 42, 43, 44
rehabilitation 300, 301
structure 41-42

pulse pressure (PP) 49,50
pulse rate, myocardial infarction 261-262
pulse wave velocity 49
pulsed electromagnetic fields 330,331
pupillary aperture size 362
purpura, pigmented 352

Q

Qwaves 262
QRScomplex 265,266

atrioventricular block 272
junctional rhythm 269
premature ventricular contractions 270

quadriceps rupture, imaging 91
quadriceps strength, isokinetic 108
quality of life

dementia 187-188
mobility 391
multiple sclerosis 195
post-stroke 183

quinidine 34

R

racial factors
diabetes mellitus 307
diversity issues 539

radial nerve compression 221
radiation

intracoronary 289
ionizing 83,86,241

radiation enteritis 45-46
radiation therapy

brain tumors 230
colon cancer 239
gastric cancer 239
muscle effects 111
prostate cancer 247
skin cancers 243

radiculopathy 159,222-224
radionuclide scans 262
radius, fractures of distal 168-169
Rancho Los Amigos Levels of Cognitive

Function 176-178

range of motion (ROM) 18
bursitis 133
cervical spine 159-160
exercises 138
heterotopic ossificans 179
immobility effects 394
median sternotomy 290
palliative care 510-511
Parkinson's disease 199,201
passive 115
posture maintenance 410
prostheses 471
restoration 167-168
rotator cuff tear 136
shoulder

loss 135
post-stroke 183

spinal cord injury 178
stretch weakness 112
thoracic 156
thoracic assessment 155
total knee arthroplasty 148

rate of perceived exertion (RPE) 40, 57
exercise intensity 253-254

rate pressure product 260-261
reaching 436

purposeful 437
reading ability 374
reading prescription 358-359
recovery

diminished homeostatic reserves 520
Top/Down model 24,25

red-green defects 362
refeeding 46
Reiter's syndrome 160
relaxation exercise,Parkinson's disease 201
renal disorders, phosphate metabolism 165
renal failure, chronic 392
renal function, laboratory studies 71
repaglinide 309
repetition maximum (RM) tests 108
research, nursing 527
residual volume (RV) 38
respiratory effort, exercise progression 254
respiratory function 38, 39, 40
respiratory infections 298, 302-304
respiratory muscles 153

training 395
respiratory system, immobility effects 395
resting tremor 207, 209
restless leg syndrome 207
restraint use 497
retina 437

changes 360,361
detachment 365
tears 365

retinal disease 361-362
retinal nerve fiber layer 365
retinal pigment epithelial cells 362
retinopathy, diabetic 313
retroperitoneal neuropathy 224
rhabdomyolysis, statin-induced 68, 110
rheumatic conditions 129-134

iatrogenic events 392
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rheumatic heart disease 278
atrial fibrillation 268

rheumatoid arthritis 130-131
cervical spine myelopathy 160
hand grip strength 436
lung involvement 154
pain control 449
stiffness 426
treatments 131

rheumatoid factor 130
Rhus dermatitis 349
ribs 151

mechanics 151
mobility 428
stiffness 428

rifampin 304
right heart catheterization (RHT) 287,

288
risedronate, fracture healing 418
robotic gait orthoses 462
robotic training 183
rocker bottom foot 326, 334
rods (eye) 437
Romberg test 411
Romberg's sign 214
rosiglitazone 309
rotator cuff

degeneration 135--136
tears 136

s
sacral plexus damage 179
saline-soaked gauze 330
sarcopenia 11,107
scabies 348
sciatic neuropathy 223-224
scleroderma 154
scoliosis 154

breast surgery 234-235
seborrheic dermatitis 350
seizures, drug therapy 66
selective estrogen receptor modulators

(SERMs)
fracture healing 418
osteoporosis prevention 400
vertebral compression fractures 125

selective serotonin reuptake inhibitors
(SSRIs) 65

menopause management 400
selegiline 202
self-eare

amputation 317
enhancement 187

self-determination in dementia patients 189
semicircular canals 369
semilunar valves 278
Semont maneuver 404
senile chorea 210
senile dementia 185--190

patient empowerment 186-187
self-eare enhancement 187-190

senile tremor 209
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Seniors' Walking Exercise Program
protocol 253

sensation detection 472
sensory changes 21-22

balance effects 410,412
multiple sclerosis 192,194
peripheral neuropathies 213-214

sensory deprivation 27-28
sensory input loss 27
Sensory Organization Testing (SOT) 411
sensory tests, amputation 316
sertraline 65
sexual dysfunction in multiple sclerosis

192,195
shingles 346
shivering mechanism 54, 55
shoes 465-467

diabetes 312
gait 462
pain control 449-450
peripheral neuropathy 216

shoulder 135-140
arthroplasty 137-138
external rotation 183
imaging 93-94
mobility 428
pain 135, 160

with hemiplegia 138-140
rotator cuff degeneration 135-136
stiffness 428
time line strategy 138

shoulder girdle strength 179
sibutramine 440
sick sinus syndrome 269
Single limb stance 411
Single photon emission computed

tomography (SPECT) 81
Parkinson's disease 199

sinoatrial arrhythmia 266-267
sinoatrial node 265

block 271-272
discharge frequency 266

sinoatrial tachycardia 267-268
sinus arrhythmia 267
sinus bradycardia 262, 267
sinus node dysfunction 281
sitting

balance activities 461
prolonged 112

skeletal muscle
function 9-11
immobility effects 394-395

skeleton
appendicular 101, 102, 103, 104
axial 99-101

skin
breakdown 61
drug eruptions 351
functional changes 345
hands 436
immobility effects 395-396
integrity

amputees 469, 471
aquatic therapy 482

massage 451
rubor assessment 338
structure 345
temperature 6, 7, 55, 338
TENS use 452
thermal agents 453
see also wounds

skin cancers 241-243
treatment 243

skin disorders 345-352
bacterial infections 347-348
blister treatment 351-352
dermatitis treatment 349-350
differential diagnosis 351-352
fungal infections 346-347
infections 346-348
infestations 348-349
inflammatory conditions 349
management 345-346
photosensitivity disorders 131
psoriasis treatment 350-351
purpura treatment 352
urticaria treatment 351
viral infections 346

skin growth factor 331
skin substitutes 331
skin thermoreceptors 55
skinfold measurement 439
skull fracture 177
sleep disturbances 392
sliding boards 187-188
small bowel 45-46
Smith's fracture 168-169
smoking 38

bronchogenic carcinoma 301
cataract risk 364
cessation 299,304,400
COPD 299
emphysema 298
lung cancer 301,304
macular degeneration risk 364
osteoporosis association 124
stroke risk 181

Snellen eye chart 359
soaks 346
social protection expenditure 502
social security trust funds 506-507
social services

assessment 537, 538
community services 539-540
family contact 538
placement of patients 540
provision 537-540

sodium deficiency 110
soft tissue

mobilization 117
postural changes 101

Soviet Bloc, former 502
spaced repetition 188
spasticity 179
speech audiometry 371
speech therapy, Parkinson's disease

202
speech-language pathologists 383

spinal cord compression 246
spinal cord injury 175,178-179

management 179
stress fractures 416

spinal orthoses 450,466-467
spine

deformity 419,420
fractures 415
imaging 88,89,90
osteoporosis 450
stenosis 164,214-215
see also cervical spine; lumbosacral

spine; thoracic spine
spiritual pain 497
splinting

contractures 117
peripheral neuropathies 220
plantar ulcers 342

spondylosis, posture effects 100-101
Spurling's sign 222
sputum

emphysema 299
overproduction/retention 297-298

squamous cell carcinoma 241,242
metastases 242, 243
treatment 243

ST segment 265,266
stair glides 539
standing, balance activities 461
Staphylococcus aureus

cellulitis 348
impetigo 347

stasis dermatitis 350
statins 68, 110

myopathies 68, 110,392
stem cell therapy 203
stenosis 164, 222
stents, endovascular 288

restenosis 288,289
stereoacuity vision 362
sternal complications 290
sternotomy, median 290
sternum 151
steroids

systemic 298
topical 346-347, 348, 349, 350, 351

Stevens-Johnson syndrome 351
stiffness 425-428

causes 425-426
mobility 427-428
posture 427-428

stomach 45
stools, leakage 387-388
strength training 34,108-109

amputees 471
gait 461
ineffective 109-111
modifying 108-109
overload principle 109
stroke 183

strengthening
orthopedic trauma 168
spinal cord injuries 179
see also exercise, strengthening



strength-mortality association 108
streptococcal Group A infection 278,348
streptococcal Group C infection 347-348
Streptococcus pneumoniae 59,61
stress incontinence 389, 390
stretch weakness 111-112
stretching

connective tissue 427
contractures 116--117
optimal passive 117
passive 116, 117

stroke 3
aspiration pneumonia 381
balance activities after 109
Bobath approach 183
CT 86
diagnosis 181-182
embolic 276
exercise after 109
functional activities after 109
hormone replacement therapy 399400
imaging 181-182
incidence 181
intervention 182-183
MRI 86
post 109
prognosis 182
quality of life after 183
rehabilitation 181-183
risk factors 181
signs/symptoms 181
visual field loss 360

stroke volume 32, 251
subarachnoid hemorrhage 84
subdural hematoma 84
sun exposure 243

macular degeneration risk 364
Supplemental Medicallnsurance (SMI) 507
supraventricular tachycardia 268,281
surface electromyographic (sEMG)

biofeedback 383
surface-active phospholipids 426
surgery, thermoregulation after 56
swallowing

bedside examination 383
instrumental examination 383
normal physiology 381-383
see also dysphagia

sweat glands 55
sweating 50, 54, 55
Sydenham's chorea 210
Syme's amputation 315
sympathetic nervous system 50
syndactyly 436
synergistic morbidity model 3, 4
systemic lupus erythematosus (SLE)

131-132
lung involvement 154

T

T lymphocytes 59
T wave 265,266

tachycardia 266, 267,281
junctional 270

tachycardia-bradycardia syndrome 269,
281

tacrine 66
tactile sensation 436
Tai Chi 477

exercise program 454
tamponade 288
tandem stance 411
tardive dyskinesia 211,392
task-oriented approach in stroke 183
team conferences 521
tear film 362
tears, artificial 362
temperature, ambient

exercise 56
water in therapeutic pools 482

temperature, body 53
core 53,54,56
skin 6,7,55

temporal bone transplantation 370
tendon rupture 91,92
tendon tears 86, 93, 94, 95
tendonitis 133-134
tenosynovitis 133
terbinafine 347
teripatide 418
testosterone

replacement 392
vascular changes 49

thalamic stimulation, chronic 202
thalamotomy 202,203
thalamus 23
theophylline 299
thermal agents

contractures 116
pain control 452-453

thermal injury 55
thermoregulation 50,53-58

cold-related emergencies 57
drug therapy 55--56
heat-related emergencies 57
physiological factors 55
thermal agents in pain control 453

thigh numbness/weakness 224-225
thoracic spine

disorders 163-164
postural stresses 151-152

thoracolumbosacral orthoses 450,467
meralgia paresthetica 224
thoracotomy 290

thorax 38
assessment 154-155
bony 151-156
mobility changes 40
muscles 151
rehabilitation intervention 156
trauma 154

thrombolytic therapy, pulmonary
embolism 302

thyroid function 70,71
imbalances 110

thyroid stimulating hormone (TSH) 70
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thyrotoxicosis 436
thyroxine (T4) 54,70
tibial plateau fractures 170-171
tics 206

Tourette's syndrome 210
Tietze's syndrome 154
time line strategy, shoulder arthroplasty

138
Timed 'Up and Go' 412
tinea 346--347
Tinel's sign 219,224
tirmitus 370,405
tiredness, self-reported 432
tirofiban 288
tissue extensibility 156
Top/Down model 24, 25
touch

cognitive impairment 189
dementia patients 186,188-189

Tourette's syndrome 210
toxic epidermal necrolysis 351
trabeculectomy 365
trabeculoplasty 365
traditional Chinese medicine 478
transcutaneous electrical nerve stimulation

(TENS)
acupuncture-like 452
contraindications 452
design 437
diabetic neuropathy 225
pain control 451-452
peripheral neuropathies 217
prostate cancer 247
thoracic spine compression fractures

163
transfer activities

amputees 469
gait training 457, 461

transfer training, Parkinson's disease 201
transforming growth factor 13 (TGF-13)

417
transfusion reactions 391
transmyocardial revascularization 293

Maze procedure 289
transportation services 540
transverse friction massage, tendonitis 134
trauma

neurological 175-180
orthopedic 167-171
stiffness 426

traumatic brain injury 175-178
management 179

treadmill
metabolic costs of tests 252
protocols 253
training 462

treatment choices, funding 498
tremor 205

classification 207-210
hand 436
multiple sclerosis 436
Parkinson's disease 199,207-208,436
rehabilitation 211-212
thyrotoxicosis 436
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tricuspid valve 277
triglycerides 69

diabetes 308
trihexyphenidyl 202
tri-iodothyronine (T3) 70
Trousseau's sign 110
trunk

flexion avoidance 418
mobility 427
stiffness 428

trunk-strengthening activities 420
tuberculosis 303-304
tumors 84,85,91,92

u
ulcerative colitis 237
ulcers/ulceration

autonomic neuropathy 326
decubitus 395
foot 333,338,342
immobility effects 395-396
peripheral vascular disease 325
stages 320
treatment 327,330-331
types 322-327

ulnar mononeuropathies at the elbow
(UME) 220

ulnar nerve compression 220-221
ultrasound 76,91-92

advantages/disadvantages 87, 89
contractures 116
echocardiography 262
fracture healing 417
shoulder 94
wound healing 330, 331

unipedal stance, peripheral neuropathy
215

unmasking event model 4
urate crystal deposition 132
urge incontinence 389,390
urinary incontinence 388-390

reversible causes 389-390
treatment 390
types 389
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