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PREFACE

Clinical Neuroanatomy Made Ridiculously Simple is a book intended. to
help medical students rap idly master that part o f neuroanatom y that is es
sential to clinical ca re. It is also of practical va lue to nurses and param edical
personnel who are confro nted with neu ro logical pr ob lems.

This boo k was written to fulfill the need for a brief, but readable. summary
of clinically relevantneuro anatom y, with examples o f med ical cases. It is
co mmon fo r neu roanatom y texts to be too greatly ori ented toward basic
science. They pr ovide far more detai l than is necessary to approach clinical
situations in neurology. As a result th e student becomes co nfused by mazes
of ci rcuitries. often unable to see cl inical neuroa na to my as a co mposite
whole and unable to remember essential featu res.

The student requires two types of books when studyi ng the basic sciences .
One is a large. standard reference text .....hich treats the subject as a basic
science . Clinical Neuroanatomy Made Ridiculously Simple is of th e second
type , a very small book .....hich focuses d irectly on the clinically pertinent
aspects o f th at basic science. It is not a syno psis of neuroanatomy; syno pses
simply condense larger book s and are insufficie nt for the medical student' s
need s. Smal ler, clin ically-oriented book s must eliminate those as pects of the
basic science which have litt le clinica l bea ring and emp hasize those aspect s
vita l to patient care. Consequently. th is book underemp hasizes the inte rnal
circ uitry o f the cerebellum , thalamus. an d basic gan glia as such knowledge
helps little in dealin gs with neurological problems. However, major organi
zation of the spinal cord a nd brain stem is strongly emphasized , as this
knowledge is vital in neurological localization a nd d iagnosis. The majo r
pat hways in the spinal cord are presented simultaneo usly, rath er than in
succession, to facilitate comparisons amo ng the pat hways. Three of the seven
categories of the motor and senso ry nuclei have been eliminated in the rad i
cal ly different present at ion of the bra in stem as a modified spinal cord with
only four categories of nuclei: somatic ma lor, visceral motor , somatic sensory,
and visceral sensory .

Th e mnemonics and humo r in th is book do not intend any disrespect for
patients or original investigators. They are employed as an educational device,
as it is well known that the best memory techniques involve the use of ridicu
lous associa tions. It is unfortunate that th is a pproach is not att empt ed mo re
freq uently in medical educat ion.



CHAPTER 1. GENERAL ORGA NIZATION

The central nervous system (eNS) includes the cerebrum, cerebellum.
brain stem, and spinal cord (Fig. 1) plus a few scary-sounding structures
situated between the brain stem and cerebrum; namely, the diencephalon
(Which includes everything with the name " thalamus;" i.e. the thalam us,
hypothalamus. epithalamus and subthalamus) and the basal ganglia (which
includes the caudate nucleus. the globus pellidus, the putamen, claustrum,
and amygdala). Fortunately, it is clinically unimportant to have a detailed
understanding of the connections of the diencephalon and basal ganglia .
You' ll see why late r.

CEREBRUM-{-
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f ig. 1 Thecentral nerwu s system. Within the brain sem and spinal cord the superior-inferior ax.is
is Iynonymow; with the " rvstllll-uudal" &.lis. and the anterior-posterior axis is 5)'1lOII)'~ with
the "ventral-posterior" axis.
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The basic functional unit in the CNS is the neuron (Fig. 2). Electrophysio
logical impulses travel down a neuron from its dendrites to the cell body and
axon. Inform at ion then is chemically transmitted to other neurons via con
nections known as synapses. A chain of such communicating neuron s is
called a pathway, Within the CNS. a bundle of pathway axons is called a
tract, fasciculus, peduncle, or lemniscus. Outside the eNS (i.e.• in the peri
pheral nerves, which connect the CNS with the skin. muscles. and other
orga n systems), bundles ofaxons are called nerves. So you can immediately
see the problem with neuroanatomy. There are too many names for the same
thing. But the basic logicof neuroanatomy is simple. We shall try to restrict
names to a minimum.

There are 31 pairs of spinal nerves and 12 pairs of cranial nerves. Note in
figure 3 that cervical nerves CI-C7 exit over their corresponding vertebrae.
but that thoracic nerve 1 and the remainder of the nerves exit below their
correspondingly numbered vertebrae. Cervical nerve 8 is unique since there
is no correspondingly numbered vertebra. Also. note that the spinal cord is
shorter then the vertebral column so that the spinal nerve roots extend cau
dally when leaving the spinal cord. This disparity increases at more caudal
levels of the cord. The spinal cord ends at about vertebral level 1..2 but nerves
1..2-55 continue caudally as the cauda equina (" borse 's tail") to exit by their
corre sponding vertebrae (Fig. 3).

Figure 4 illustrates the subdivision of the cerebrum into frontat, parietal,
occipitaland temporal lobes. These are further subdivided into bulges. called
gyri, and indentations called suld and fissures (small and large. respectively).

The brain stern conta ins three parts - the midbrain. pons and medulla
(Fig. I). The pons lies squashed against the clivus. a region of bone resem
bling a slide that extends to the foramen magnum. the hole at the base of
the skull where the spinal cord becomes the brain stem (Fig. S).

Sometimes the brain stem does " slide down" the clivus, herniating into
the foramen magnum. This is a serious clinical condition. generally resulting
from a pressure differential between cranial and spinal cavities. Many clini
cians therefore are wary in removing cerebrospinal Fluid during a spinal tap
in patients with high intracran ial pressure.

4



---- ·- - ·Cl
~'-- - 2
"'-- - -- 3

'1-4.t '~;:::~-':~~:'~ :
m------- 6
!iJ--' --- 7
~._-- -~ 8
liD TI
2 Vertebro

2
3

~---4

'/71)~!--- e
A7\~---6

lifl\;;;:;-- - 7

~i\",=- - - 8

.';:::;--- - 9

"==--- - 10
,>;""'_ -11

7-- - SI

~~=~
~====~.

Fi,. 3 The spiul IIe~CI. C. cervical; T, thoracic; L. lumbar; S. lIeral; Ccc., ccc
cyplllCf'o'e.

,



Note the close proximity or the clivus to the nasal passages. Sometimes
rare invasive tumors or the nasal passages erode and break through the
clivus and damage the brain stem. Pituitary tumors may be reached surgically

Central sulcus (of Rolando)

EY.:~
Lateral
f issure (of Syl viusJ

Fig.4 The cerebrum.

___:::--J-
WILLIS LlVES

Supramaroinai
yrus

n9ulor oyrUl
Superior
temporal sulcul

Fig. ' SagitbJ view of the brain. ce., COTpllI callOlllm---tbc major connco:tlon between the two
cerebnl bcmi$pbc~; r. fomU; 3'1, third ventric le; p, pilUirary , WId; 4\1, fourth ventrick . Shaded
areas are zonescontaining cerebrospinal fluid.
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via the nasal passages by prod ucing a hole in the sphenoidal bone, which
houses the pituitar y gland - the " transsphenoidal approach00 .

A spider named Willis lives on the pons and its nose fils into the pituitary
fossa. but more of this later.
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CHAPTER 2.

BLOOD SUPPLY, MENINGES AND SPINAL FLUID

Two main pairs o f arteries supply the brain - the two internal carotid
arteries and the two vertebral arteries. The vertebral artery chan ges its name.
Jt's called the basilar artery at the level of the pons and the posterior cerebral
art ery at the level o f the cerebrum (Fig. 6). You'll see why when we discuss
Willis, the spider.

y 7-"~""'':;'''';?r:~~~" .
o.;----~

I
/

:>--VERTEBRAL A.

A.C.A. /
M.C.A. /"

,-

............ ~""::.;"";......~
-

INTERNAL
CAROTID A-.<a>

....

Fig. 6 The major arterial supply 10 the brain. ACA. anreric r cerebral artery; MeA, middle
cerebral artery; PCA, posterior cerebral artery; PAD, Ilia , arachnoid . dura .

NOIe the important imaginaryline in figure6. It divides thecerebruminto a front
(anterior) anda back (posterior)area. The internal carotid arterysupplies the front
area. Obstruction ef the right carotid artery causes weakness and loss of sensation
on the leftsideof the body(oneside ofthebrainconnects with the oppositesideof
the body). Blockage of thecirculationunderthedottedline (vertebralarterydistri
bution)affectsthecirculationto the visualareaofthe cerebrum, the brainstem,and
the cerebellumand may result in visual loss, dizzinessandother problems.
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The internal carotid artery divides into an anterior and middle cerebral
artery. Note (Fig. 7) that the posterior cerebral artery occupies the entire
cerebrum below the dotted line. The middle cerebral artery, though, occupies
only the lateral surface of the cerebrum above the dotted line, whereas the
anterior cerebral artery occupies the entire midline area of the cerebral hem
isphere abo ve the dotted line.

LEFT LATERAL VIEW

A.C.A.

M.t .A.

P.C.A.-"::.L...:;....

LEFT MEDIAL VIEW

Choroidal and Striate arteries
CORONAL Icrces sectional) VIEW

Fig. 7 The cerebral blood d rcutauon. MCA. midd le cereb ral anel')'; ACA . anterior cerebral
artery; PeA, posterior cerebral artery. (Mod Ified from DeMyer, W.• TedI",qu~ of rhe
Neurologic Examinat ion , McGraw-Hili Book Company, 1974).

The brain contains an upside down man named HAL (H-head, A-arm ,
L-leg), functionally represented on the cerebral cort ex. HAL 's lower extre
mity bends over the top of the cerebrum (Fig. 8). Therefore, an occlusion of
the anterior cerebral artery results in loss of strength and sensation in the
lower part of the body. whereas an occlusion of the middle cerebral artery
predominantly affects strength and sensation in the upper regions of the body.
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One can study the anatomy of the cerebra l circulation radiologically by
injecting into an arte ry a contrast material tha t will outline the blood vessels
on x-ray film. This will reveal whether the vessel is blocked or leaking, or of
abnormal form or position , resulting from displacement by a tumor or hem
orrhage. A catheter (injection tube) threaded retrograde up the right brachial
artery to the subclavian artery at the level of the right verteb ral artery can be
used to release contrast material that will enter both the right vertebral and
right carotid arteries. thereby demonstrating the fron t and back cerebral
circulation s (Fig. 9). Injection, however, on the left side would demonstrate
only the posterior circulation, since the left carotid artery arises directly from
the ao rta . Thus, the choice of artery and side is important in showing up the
desired area in x-ray.

MIDLINE BETWEEN
CEREBRAL HEMISPHERE S RIGHT FRONTOPARIETAL

LOBE!.'"

L

Fig.8 The homuncu lus. {Modified From Ca rpenter. M.B.• Human Neuroanatomy, The
Williams and Wilkins Company, Baltimore, Mar yland. 1977).

A ferocious spider lives in the brain. His name is Willis! Note (Fig. 10)
that he has a nose, angry eyebrows, two suckers , eyes that look outward, a
crew cut, antennae , a fuzzy beard, 8 legs, a belly that, accordi ng to your
point of view. is either thin (basilar artery) or fat (the pons, which lies from
one end of the basilar arte ry to the other), two feelers on his rear legs, and
male genitalia. The names in figure 10look similar to those in figure 6 because
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Fig. 9 The origin of the intracranial arteries from the aorta . Olf'., olfactory lTaCI; MS. medial
smare art ery; l S. lateral sartate artery ; ACh., anter ior choroidal artery; MC. middle cerebral
ar tery ; J . cra nial nerve J; mb, midbra in; u, uncus: IC, internal carond arlery; V. vertebra!
artery; MED. medulla; EC. n temaJ carocd artery; CC. common carotid artel)'; S. subclavian
artery ; A. aorta. Compare lII ith Ilgures IOand 2S.
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Midd le cerebral a.

Pi tu itary

MamlTillary

Ri . 10 Willi~!

Anterior cerebral a.
.,-/ Anter ior communicating a

r
","

Poster ior cerebral 0.

Superior cer. bell ar a.

Anteri or infer ior cerebellar 0

Pcetenor interior cerebellar a.

Vertebral a.

WILLIS P

they are the same structures, seen from dif ferent angles. In figure 10 the
brain is seen from below, so the carotid ar teries are seen in cross section.
Figure 10 also explains why the verteb ral artery changes its name twice. At
first the two vertebral a rteries fuse to form one basilar artery. The basilar
artery then divides again into two posterior cerebral arteries.

An occlusion of the basilar artery at the junction of the two posterior
cerebral arteries ....i ll result in total blindness. as the posterior cerebral arteries
supply the visual cortex (see Fig. 35). Occlusion of a vertebral artery may
result in litt le or no deficit because of the remaining blood supply from the
opposite vertebral ar tery.

The two communicating arteries are shown as dotted lines in Figure 10
because blood now shows no part icular tendency to go one way or the other
along these channels. This is logical since blood norm ally Ilows up both the
carotid and vertebral ar teries, equalizing the pressure on both sides. Hence.
contrast material inject ed into the right carotid artery generally ....i ll not cross
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over to the left side of the brain via the anterior communicating artery or
flow back into the basilar artery across the posterior communicating artery .
Th is all goes to show that the brain is small. If one of the major vessels is
occluded, the communicating arteries function as anastomoses.

Question: Which subclavian artery would you inject with contrast to
demonstrate both the carot id and vertebral circulations?

Ans: Right.
Question: Contrast injec tion into the left vertebral artery shows up

which side of the brain, left or right?
Ans: Both sides ; contrast enters the basilar artery and then both posterior

cerebral arteries.
Willis has hairy armpits-the third cranial nerve exit s between the posterior

cerebral artery and the superior cerebellar artery. An aneurysm (a weakness
and focal ballooning out of the wall of a blood vessel) which affects either
of the above two blood vessels may press upon and damage the third nerve.

There are an anterior, middle. and posterior cerebral artery . It would have
been nice to have an anterior. middle and posterior cerebellar artery. too.
but someone inconsiderate ly named these three arteries differently.

It could have been worse. He could have named them after himself
actually, he did. for he was a real SAP (S-supero ir cerebellar artery. A
anterior inferior cerebellar artery . P-posterior inferior cerebellar artery) .
The cerebell ar arteries supply not only the cerebellum but also pans of the
brainstem. Their occlusion will result in damage to corresponding areas of
the brain stem.

The veins

Unlike other arteries of the body which have corre sponding veins. Willis
has no female counterpart. Th is is because he is so ugly that the veins flee in
the oppos ite direction. ju mping clear out of the brain and directly into the
dural sinuses. You see, the brain is separated from the cranial bone by a
PAD (Pcpia, Acarachnold, D-dura membranes-Fig. 6). otherwise known
as the meninges. The pia is thin and vascular (Willis lives in it) and hugs the
brain. The arachnoid lies between the pia a l~~ ~ :::), in arachnoid-like. like a
gossamer spider web, and avascular. The dura lies up against the bone and
is thick and durable, containing a double layer of connective tissue (the outer
layer representing periosteum) with thick. venous channels. ca lled sinuses.
that lie between the two layers . The dura dips down in between the cerebral
hemispheres as the falx cerebri and in between the cerebrum and cerebellum
as the tentorium cerebelli, The "PAD" surrounds the entire central nervo us
system. includ ing the spinal cord and optic nerve.

13



The leon "suprareruodal" has been applied notoriously in a clinical
sense, 10 imply that a patient's problem is hysterical, and not organic. l.e .,
"His abdominal pain is supratentorial," above the tentorium and "in his
head," and not in the abdomen where the pain is reponed.

Three main sinuses deserve mention: I) Spinal fluid drains into the supe
rior sagittal sinus. 2) The cavernous sinus, into which venous blood drains
from the eye, provides a potential source of entry into the brain of orbital
and facial infections. Many important structures run by or through the cav
ernous sinus, including the carotid artery and all the nerves entering the
orbit. These can be damaged by disease in this critical area. Sometimes the
carotid artery breaks open into the cavernous sinus (a "fistula") resulting in
blood backing up into the orbital veins and a protruding eye with dilated
blood vessels. 3) The transverse sinus runs by the ear and may become
involved in inner ear infections (Fig. I I) .

The veins of the brain drain into the internal jugular vein, a structure you
know well from vampire movies.

The Cerebrospinal Fluid

The brain and spinal cord are hollow- which is fortunate for that means
there is less to know (Fig. 12). Various points in this fluid-filled hollow tube

Inferior sagittal sinua
(in falx)
Straight sinus
(in tentorium cttr.belli)

Transverse Binua

vein

Fig. 11 The major ....enous circulation of the brain.
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To superior sagittal sinus

FMO

Pla--\'"\!J

Dura - arachnoid
Subarachnoid space (Lumbar cistern)

Selaw S2 - site of epldura, __-..:,,:

(saddie block) anesthesia

L2 Vertebra

52 Vertebra

Fig. 12 The cerebrcspmal fluid (CSF) circulation. Arrows indicate the direction of flow o f
CSF. RLV, rigbrlateral ventricle, l LV, left lateral ventricle; 3Y, third ventricle: IF, inter
ventricular foramina: AS, aqueduct of Sylvius: 4Y, fourth ventncfe: FL. foramen of Luscnka,
F~l g , foramen of Magendie, CC. central canal.
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are expanded and termed ventricles. The walls of each ventricle contain a
specialized structure called the choroid plexus which secretes the clear , color
less cerebrospinal fluid (esp). CSF flows from the two lateral ventricles
through the fM,'O interventricular fo ramina (holes), first into the single mid
line third ventricle. from there through the single midline aqueduc t ojSylvius,
next into the single midline fourth ventricle. and then passes outside the
brain via three openings in the fourth ventricle: a Middle foramen of Magendie
and two Lateral foramena of Luschka. Once outside the brain stem, the
CSF enters the subarachnoid space (the space between the arachnoid and pia)
and exits into the superior sagittal sinus via specialized structures in the sinus
wall called arachnoid villi. An obstruction an any point along this pathway
will lead to dilation (expansion) of the lateral ventricles, termed hydrocephalus ,

Normally, CS F does not circulate in the centra l spinal canal of adults as
the canal is closed off in places,

Expanded areas of the subarachnoid space are called cisterns. the largest
of which is the lumbar cistern, between vertebrae L2 (where the spinal cord
ends) and 52 (Fig. 12), Spinal fluid is extracted from this space during the
"spinal tap". Do not panic on doing a spinal tap, There is plenty of room,
some five vertebral ir uerspaces, and the crest of the iliac bone provides a

INTERNAL

Fig, 13 Willis and the internal capsule.
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landmark to determine approximately the center of the lumbar cistern. There
is lillie chance of hilling the spinal cord and it is uncommon to damage the
spinal roots of the cauda equina.

The CSF flows freely throughout the subarachnoid space; thus a sub
arachnoid hemorrhage. usually the result of leakage from an aneurysm in
the region of Willis, is felt as a severe neckache or backache, reflecting the
seepage of blood down to spinal cord regions. A spinal tap will reveal such
bleeding. Symptoms in meningitis are similar, because of the diffusion of
pus cells down the subarachnoid space.

A subdural hemorrhage results from tearing the bridging veins (Fig. ll ]
thai connect the brain and dural sinuses. In an epidural hemorrhage, blood
collects between the dura and bone. the result of tearing arteries. panicu larly
the middle meningeal artery which lies outside the dura and forms a groove
in the cranial bone. Epidural hemorrhage generally coincides with a skull
fracture. Large subdural and epidural hemorrhages compress the brain and
may cause significant damage.

It is possible to suffer a major stroke either by a massive arterial occlusion or
by an occlusion of a very smal1 artery situated in a critical area. For instance, a
sudden occlusion of the internal carotid artery may cause a massive cerebral
infarction. An occlusion of one of the tiny arteries that arise from Willis' head
(medial striate. lateral striate, or anterior choroidal arteries-Figs. 7. 9) may
cause as much deficit by infarcting the internal capsule. The internal capsule is
the narrow zone of a funnel of motor and sensory fibers that converge upon the
brain stem from the cerebral cortex (Fig. 13). Each cerebral hemisphere
contains one internal capsule. situated deep within the brain just behind Willis '
head. The anterior choroidal artery and striate aneries supply the intemal
capsule and may hemorrhage in situations of hypertension or arteriosclerosis.
thereby causing much damage from a tiny lesion.

Questions

2· ) An occlusion of which area of the circle of Willis will result in total
unilateral blindness?
Ans. An occlusion of the ophthalmic artery. which is a branch of the
internal carotid artery.

2-2 In injecting (he right carotid artery in an angiogram how might one
simultaneously fill the circula tion in the left anterior and middle
cerebral arteries?
Ans. Simultaneously compress the left carotid artery during in
jection. The pressure differential enables blood to pass to the left
circulation via the anterior communicating artery.

17



2-3 Skull fracture is to epidural hemorrhage as aneurysm is 10 ?
Ans. Subarachnoid hemorrhage.

2.-4 In the region of the lumbar cistern. which membrane is in closest
apposition to the arachnoid membrane - the dura or pia?
Ans. The dura. The pia always lies apposed to the brain and spinal
cord . The lumbar cistern is a large subarachnoid space and the
arachnoid is next to the dura.

"



CHAPTER 3. SPINAL CORD

The spinal cord, as seen in cross section (Fig. 14), contains central gr~
matter and peripheral whiu matter. The grey matte r contains many neuronal
cell bodies and synapses . The white matter contains ascending and descend
ing fiber pathways. The ascending pathways relay sensory information to tbe
brain . The descending pathways relay motor instructions down from the
brain. The number of synapses within a pathway is DOl very important to
know clinically. However. it is vital to remember the sites of contralateral
crossing over of the various pathways and also the location of the pathways
within the white matter as seen in cross section (Fig . 14).

Peripheral
nerve

WHITE MATTER

~-+-GREY MATTER

Anterior root

Posterior horn

Anter ior horn

Fasciculus gracilis

,-,-j-., ;Fa8ciculus cuneatut

~¥-_Spinocer ebella r tr act
Cortico spinal tra ct

Spina halamlc tract

Fig. 14 Major subdivisions of the spinal cord. The posterior columns consist of the fasciculus
gracilis plus Iasciculus cuneatus.
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The Sites of Crossing Over

There are 3 main sensory systems entering the spinal cord:

I. Pain-temperature

2. Proprioception - stereognosis (see glossary)

3. Light touch

To avoid confusion, no sensory synapses will be drawn in figure 15. As a
rule though, there is a tendency for sensory fibers to synapse ju st prior to
cro ssing over (Fig. 16).

•
~ .,
••<'>,-,-rr-,,,
0 '.,
8:
" '.,.,.,- ,,,

::~.:"o. - + f

P""...lor
eOl um",

cort.. lS.n . ...yl

..,,"' ......

PAIN
TEMPERATURE

F>ROPRIOCEP TlO'+o LIQl T
STEREOGNOSIS YOlICIl
\COfjSCIOUSl

UNCONSCIOUS IIIOTOR(CORTICO-

PROPRIOCEPTIO N SPINAL TRACT)

Fig. 15 Schematic view of the major ascending and descending pathways. UMN, upper motor
neuron; LMN, lower moto r neuron .
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Fig. 16 'Three major sensory pathways.

The pathway for pain and temperature enters the spinal cord . crosses ove r
10 the opposi te half of the cord almost immediately (actually with in one or
two spinal cord ....ertebra l segments), asce nds to the thalamu s on the opposite
side. and then moves on to the cerebral cortex. In reality many fibers end in
the brain stem and never make it as far as the thalamu s, but these will not
concern us here. A lesion of the spinothalamic tract will result in loss of
pain-temperature sensation ccnualaterally, belowthe level of the lesion.

The pathway for proprioception and stereog nos is (a lso for the perception
of vibration) initially remains on the same side of the spinal cord that it
enters. crossing Over at the junction between the spinal co rd and brain stem.
The synaptic areas j ust prior 10 this crossing are the nucleus cuneatus and
nucleus gracilis (Fig. 16). Nucle us graci lis contains proprioce ptive infonna
tion from the lower part of the body, whereas nucle us cu neatus co nveys
inform ation from the upper levels. Their correspo nding spinal cord pathways
are termedfasciculus gracilis (gracefu l, like a ballerina' s legs) and fasciculus
cunearus (cunning, being closer to the brain). The fascic ulus graci lis and
fasciculus cuneatus are co llectively termed the posterior col umns (Fig. 14).
A lesion of the posterior columns results in a decrease in co nscious proprio
ception and stereog nosis (also vibration sense) ipsilaterally below the level of
the lesion. (Actual ly. the deficit is mostly in stereognosis, since conscious pro
prioception and vibration sense are 10 some extent represented in more lateral
regions of the cord.)
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The path for light touch combines features of the above two pathways. It
partly remains uncrossed until it reaches the level of the brain stem, and
partly crosses over at lower levels. This is why light touch typically is spared
in unilateral spinal cord lesions; there are alternate routes 10carry the inIor
marion.

All the above sensory pathways eventually cross over and terminate in the
thalamus. Fro m there. they are relayed to the sensory area of the cerebrum.
A lesion of the sensory area of the cerebral cortex may result in a contra
lateral deficit of all the above sensory modalities.

Prop rioception-stereognosis has a conscious and an unconscious compo
nent. The conscio us pathway, mentioned above, connects with the thalamus
and cerebral co rtex, enabling you to describe, for instance , the position of
your limb. Th e unconscious pathway connects with the cerebellum (the cere
bellum is considered an unconscious organ) as the spinocerebellar pathway

Motor Corte.

Spinocerebella r
tract

UNCONSCIOUS
PROPRIOCEPTION

Corficolp inal
troct

MOTOR (CORTICOSPINAL
TRACT)

fi g. 17 The spinocerebellar and ccniccspinaltracrs. S., superior cerebellar peduncle; M.,
middle cerebellar peduncle: I. , i n r~rior cerebellar peduncle. UMN. upper motor neuron;
LMN, lo"' CT motor neuron,

22



and enabl es you to walk and perform other com plex.acts subconsciously with .
out having to think which joints are flexed and extended (Fig. 17). (In this book
where it is stated that a patient presents with "proprioceptive loss," this refers
to loss of conscious propri oceptive sensation, as tested by asking the patient
to describe the position of a limb.)

Unlike the other senso ry pathways. which cross contral aterally. the spin
ocerebellar primarily remains ipsilateral. In general. one side of the cerebel
lum con nects with the same side of the body . Thus cerebellar lesions tend to
produce ipsilateral malfunctioning, whereas cerebral lesions result in con
tralateral defects.

There are three main co nnections between the cerebellum and the brain
stem- the superior. middle and inferior cerebellar peduncles. which con nect
with the midbrain. pons. and med ulla, respecti vely , The spinoce rebellar path
ways enter the cerebellum via the superior and inferior peduncles (Fig . 17).

The motor (corticospinal) pathway is relatively simple. It extends from the
motor area of the cerebral cortex down through the brain stem, crossing ove r
at app roximately the same level as the media/lemniscus (at the junction be
tween brain stem and spinal cord), (Figs. 15. 17). (There is an uncrossed corn
ponent that will not concern us here .)

The corticospinal pathway synapses in the anterior hom (motor grey
matte r) of the spinal cord just prior to leaving the cord. This is important. for
moto r neurons above the level of this synapse (con necting the cerebral cortex
and anterior hom) are termed upper motor neurons (UMN). whereas those be
yond this level (the peripheral nerve neurons) are termed lower motor neurons
(LMN). These terms are actually somewhat misleadi ng and probably would
bener have been phrased as first order moto r neurons (UMN) and second or
der motor neurons (LMN). as either of these catego ries may have axo ns that
lie in the upper or lower part of the body. Upper and lower motor neuron in
ju ries result in different clinical signs. Although both result in paralysis . they
differ as follows:

Upper MN Defect
spastic paralysis

no sign ificant muscle atrophy

fasciculations and fibrillations

not present

hyperreflexia

Babin ski reflex may be pre sent
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Lower MN Defect

flaccid para lysis

significant atrophy

fasciculations and fibrillations

present

hyporefl exia

Babin ski reflex not prese nt



Cross Sectional Location ofthe Pathways

Figure 14 ill ustrates the position of the sensory and motor pathway s in
cross section.

For unknown reasons various disease processes affect differen t portions
of the spinal cord. Amyotrophic lateral sclerosis (Fig. 18A) is characterized
by a combination of upper and lower motor neuron signs-muscle weakness.
atrophy, fibri llations. and fasciculations combined with hyperreflexia. The
lesion involve s both the anterior horns (motor) of the grey matter (causing a
lower motor neuron lesion) as well as the corticospinal tracts (resulting in an
upper moto r neuron lesion).

Tertiary syphilis (tabes dorsalis) includes propioceptive loss and pain
(posterior root irritation), particularly affecting the lower extremities. The
lesion involves the posterio r columns of white matter (Fig . 18B) and may
extend to me posterior roots and root ganglia.

In pernicious anemia (Fig. 18C), there is proprioceptive loss and upper
motor neuron weakness. The lesion involves the posterior co lumns and
corticospinal tracts.

Polio auackes me anterior hom cell s (Fig. 180) leading to lower motor
neuron involvement. with weakness, atrophy . fasciculatlons, fibrillation s.
and hyporefle xla,

Patients with Guillatn-Barre syndrome (Fig. 18E) experience sensory and
lower motor neuron loss because of peripheral nerve involvement.

Certain muscle groups may be affected more than others in an upper
moto r neuron lesion. In the typical cerebral hemisphere stroke secondary to
caro tid artery occlusion. the patient develops decorticate posturing, charac
terized by flexion of the wrist and elbow and extension (straightening) of the

Fig. 18 Lesions sites in classical diseases. A. Amyotrophic lateral sclerosis (Lou Gehrig's
disease). B. Tertiary syphilis. C. Pernicious anemia. D. Polio. E. Guillain-Barre. F. Sy
rmgcmyeha.
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ankle and knee. In midb ra in stro kes , th e pos tu ring is similar. except that the
elbow is extended (decerebrate postur ing). The mechanisms apparently
involve injury to other mot or pathways (extrapyramidal) outside the cortico
spinal (pyramidal) system . "Pure" lesions o f the cort icospinal tract result
predominantl y in difficulty with skilled mo vements o f the distal aspect of
th e extremities.

The Autonomic (Visceral) Nervous System

The pathway s mentioned above belong to the somatic motor and somatic
sensory systems . Somat ic motor fibers innervate striated skeletal muscle.
Somatic sensory fibers innervate predominantly the skin. muscle and tis sues
other than the viscera . " Visura " means cardiac muscle , smooth muscle (as
in the gut) and glands. Visceral (autonom ic) motor nuclei are located in
between the somatic senso ry and motor areas of the spinal cord grey matter.
It is useful to think of the autonomic system as consisting of visceral sensory
and visceral motor components (F ig. 19).

Th e chemical and functio nal differences between sympa thetic an d para
sympathetic autonomic fibers will be discussed in C hapter 6. For the present,
simply note that sympathetic motor fibers synapse relatively near the spinal
cord, whereas pa rasympathetic moto r fibers synapse very close to or within
the end organs (Fig. 45).

Questions

3-1 A hemisection of the spinal co rd at the level o f TI actu ally produces
contralateral loss of pain-temperature sensation of T3 and below, rather
tha n at Tl a nd below . Wh y?
Ans. Actually, pain-temperat ure fibers do not a ll cross over imm ed i
ately. Many ascend I or 2 segments befo re crossing ove r.

The pain-temperat ure fibers in the spinothalamic tr act are arranged
so that Leg fibers are lateral (Q Arm fibe rs. Hence, a tumor pressing in
from o uts ide the cord may a ffect th e lower ext remities fibe rs first. In
such case contralat era l pain loss may beg in man y segments below the
lesion, ascen ding with time as th e tumor grows.



3-2 The anterior spinal artery (Fig. 10) extends down the spinal cord,
supplying the anterior two-thirds of the cord. Two posterior spinal
arteries come off variably from the posterior inferior cerebellar arteries
or vertebral arteries and supply the rest of the spinal cord along with
anastomoses from intercostal and other arteries. What sensory moda
lities might you expect to be preserved following infarc tion of the
anterior spinal artery at spinal cord levels?
Ans. Proprioception-stereognosis and light touch (posterior columns).

3-3 Locate the lesion. The patient has bilateral paralysis, fascicul auons
and muscle atrophy at the leve l of C8T I along with bilateral pain
temperature loss at the level of T IT2.
Ans. Syringomyelia-a degenerative disease of the central cord or
brain stem of unknown cause, affecting the crossing pain-temperature
fibers . Depending upon the size and shape of the lesion, which may be
asymmetrical . or, as in this case , symmetrical, other areas of the cord
may be involved, such as the motor horns, in this case at about level
C8T! (Fig. 18F).

3-4 Surgical tractotomy-severing the spinothalamic tract to relieve pa in
often affords only temporary relief. Why ?
Ans. Possibly other pathways of unclear nature may take over.
Severed axons within the human central nervous system characteristi
cally regenerate poorly.

3-5 At what level of the nervous system-s-peripheral nerve, spina l cord,
or abov e-would you expect a lesion to lie, with the following signs?

A. Sensory loss along a given dermatome, unila terally.
Ans. Peripheral nerve or its entry point into the spinal cord. Generally,
because of the arrangement of fibers in the ascending pathways and
cerebra l cortex, it is unlikely [hat only a single dermatome will be af
fected by a given lesion in the spinal cord sensory tracts or in the cere
bral cortex.
B. Bilateral sensory loss in the hands or feet in a glove or stocking
distributi on.
Ans. This is typical ofaperipheraI neuropathy, a condi tion co mmonly
of metabolic etiology (e.g., diabetes or alcoholism), resulting in select
ive involvement of these regions. Symptoms are sometimes faked or
hysterical.
C. Unilateral loss of all sensory modalities in an entire extremity.
Ans. Unless the lesion encompassed all the nerve roots to that extre
mity , which is unlikely, the lesion is somewhere above the level of the
spinal cord , in the contra lateral brain stem, thalamus, or highe r, A
lesion below the brain stem, in the spinal cord, would not affect all
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sensory modalities, as only some of the nerve pathways have crossed
over at spinal co rd levels.
D. Loss of pain-temperature sense on the left side of the body below
the neck, and paralysis and loss of proprioception-stereognosis below
the neck.on the right .
Ans. Hemisect ion of the right cervical cord (the Brown-Sequard
syndro me).

3-6 A patient with a tumor experiences loss o f pain-temperature in the left
lower extremity followed by spastic para lysis on the right. Where is the
tumor located?
Ans. In the right anterolateral aspect of the cord. co mpressing first
the righ t spinothalamic tract and then en larging to involve the right
corticospinal tract.

Addendum: Information for touch. proprioception. stereog nosis, and vibra
tion also appears to travel in a pathway called the sptnocervtcothalamic
tract (Fig. 18A). II is possible that the case problems in this book that are
ascribed to "posterior co lumn" lesions in reality involve the spi nocer
vicothalamic tract as well . The simplest way of viewing this is to imagine
thai the dorsal columns extend laterally to include the spinocervicotnalamic
tract.

tract

Fig. 18A Thespiooccn 'ioolhalamic b"aCL
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CHAPTER 4. BRAIN STEM

In evaluating a patient, the neurologist asks a sequence of questions. First.
where is the lesion (spinal cord. brai n stem, cerebrum, e tc.) ? Second, what is
the lesion (rumor. infection, hemorrhage. etc.)? third. what ca n be done to help
the patien t <medication . surgery, erc.)? The neuro logist tries to determine if a
single lesion can account for the patient' s symptoms and signs. If multiple
lesions mus t be postu lated, this genera lly impli es eit her metastatic disease.
mult iple sc leros is. the presence of two differe nt diseases, or the presence of
ma lingering or hysteri a.

Precise a natomical localization of the lesion is very important in neurolog
ical diagnos is. II therefore is important 10know the locations oft he major fiber
tracts and nuclei. The brain stem is very impo rtant in this regard. The follow
ing chapter describes the anatomy of the major nucle i and fibe r pathways in
the brain ste m. Cl inical illustrations of the usefulness of this data will be given
in the questions following Chap ter 5.

Don ' t pani c. The bra in stem is incredibly s imple when studied in a logical
sequence. as follows.

1, Memori ze the 12 cranial nerves and their functions. Ribald mnemonics
will help. You must know the individual cranial nerves and their funct ions on
instant reca ll.

CN I:
CN 2:
C Ns 3, 4 and 6:
CN 5:
C N7:
C N8:
CN9:

CNIO:

CN I I:
CN I2:

Smells
Sees
Mo ve eyes; CN3 constric ts pupil s, accom mod ates
Chews and fee ls front of head
Moves the face. tastes, saliv ates. cries
Hears. regu lates balance
Tastes. salivates. swallows, monitors carotid body
and sinus
Tastes, swallows lifts palate , ta lks, communication to
and from thoraco-abdomi nal visce ra
T urns head. lifts sho ulders
Mov es tong ue

2. Next. memori ze the chart in figure 19 which includes the same infor
mation as above rearranged differently. Unlike the spinal nerves, wh ich are
mixed nerve s containing motor and sensory components, the cranial nerves
are muc h simpler. Three of them are purely sensory. 5 are purel y motor and
only four are mixed. The term "somarovisceral' will be explained later,
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Fig. 19 The homology between the spinal cord and brain stem. The brain stem resembles a
spinal cord stretched in the direction indicated by the midline arrows. The somatic and v~eral

components of the grey matter remain in the same relative position in spinal cord and brain
stem. Chart indicates the major nuclei of the cranial nerves.

Note: a) There are ) sensory nerves. b) There are 5 motor nerves of which one (CN)
has a visceral motor component in addition to a somatic motor component. The remainder of
the motor nerves are purely somatic motor. c) There are 4 mixed (sensory plus motor) nerves.
All of these have 4 components except for CN5, which has two components . d) Solitarius is
Sensory (visceral) CN7, 9, 10. e) aMbiguus is Motor '- CN9, 10. t) CNs 5, 7, 9 and 10 arc
"somatovisceral" - see text for explanation. Nuc, nucleus; S., superior; I., inferior; Saliv.,
salivatory; Sens. , sensory.
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Superior Inferior
colliculus colficu us

34(5) 5678 (5X,» l9 10 II 12

'2. MEDULLA
M8 PONS

Fig. 20 The loca tion o f the cra.nial nerves and their nuclei wilhin the midbrain (MB). pons,
and medulla as seen la terally. "'oro. """

0"

Fig. 21 A composite picture o f the Nania! nerve lIudd..

Note : a) The long motor and sensory columns of the spinal cord bre-ak
up into mdivldualbrain stem nuclei. This occurs gradually (elongated nuclei
in medull a, rounder m pons and midbrain). b) The sensory nucleus o f
CNS does not break up but is contmu ous from spinal cord through mid brain.
c) The mot or nucleus of eNS is confined [0 the pons. d) There are three
sensory nuclei in the brain stem - the vesnb utococnlear compte.. (eN81.
sensory nucleus of CNS. and nucleus sc lltanus. e) Scltrarius is a \isceral
sensory nucleus (e Ns1, 9, 10). 0 The sensory nucleus of e NS is somatic
sensory (eNs 5. 7, 9, 10 and possibly ochers - but the predominant input
is from CNS). g) aMb iguus is Motor (eNs 9, 10) h) Nucltus solitarius
is solitarily confined 10 the medu lla as are nucleus ambiguus, me nucleus of
CNI2. the dorsal motor nucleus of CN IOand the salivetorv nuclei. il Nuc. 8
overlaps the medulla and pons. DM . Dorsal motor (visceral) nuc.10; SL,
Nucleus scliterlus. (Modified from Dunkerley, G .B., A Basic A tlos ol /he
Humo/l Nervous System, F.A . Davis Company , I97S).
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3. In both spinal cord and brain stem the grey matte r (nuclei) lies close
to the central canal and the white matt er (long fiber tracts) farther away.
Also, the somatic and visceral motor and sensory components occupy the
same relative positions. The cross sectional structur e of the brain stem re
sembles that of a spinal cord that was grabbed posteriorly and stretched
laterally (Fig. 19).

4. The 12 cranial nerves and their nuclei are apportioned equally be
tween the 3 brain stem segments (CNs I, 2. 3, 4 in midbrain; CNs 5, 6, 7, 8
in pons; CNs 9, 10, I I, 12 in medulla). Actually, that's not quite true. CNs 1
and 2 lie not in the midbrain but more rostrally near the diencephalon.
Also, although all divisions of CNS enter the pons, the sensory nucleus of
e N5 extends from midbrain to spinal cord (fig. 27); the nuclei of CNS lie
not only in the pons but also in the medulla (fig. 21); the nuclei and nerve
entry points of CN7 aTC located in both pons and medulla (fig. 28). These
exceptions for CNs S, 7, and 8 are indicated in brackets in figure 20.

5. In general the cranial nerves exit relatively anterior to the ventricular
system and do not cross over to the opposite side on exiting from the brain
stem (Fig. 19). The only clinically important exception to this is dumb CN4,
which both crosses over and passes over the roof of the brain stem (Fig. 23).

c.
Corliool l"noi lroel (~.. uri

E.

spnol lrocl cn:I
nuclell, 01 c"'~

O,eunOli O" 0 '
medill l It mnllcut

Fig. 22 How to draw cross sections through the brain stem. A. Rostral midbrain. B.
Caudal midbrain. C. Pons. D. Rostral medulla. E. Caudal medulla. A. nucleus
ambiguus; ML. medial lemniscus; S. nucleus solitarius; SC. spinocerebellar lra,,;ST, spmo
thalamic tract: 3. 4, CNs 3 and 4; S. nucleus and tract CNS; 6.7.8, nuclei CNs 6, 7. 8; 10,
dor<;.al meier nucleus CN10; 12. nucleus CNI2. Compare with Figure 2S.
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No wonder the Lord delegated the most insignificant of all the cranial nerve
functions to this untrustwor thy nerve, that of moving the superior oblique
muscle.

6. Figure 21 illustrates a basic di fference between the spinal cord and
brain stem. The centra l grey of the spinal cord is a long cont inuous column,
in fact the longest "nucleus" in the CNS. Nerve fibers come off contin uously
from this large column and combine regularly to for m the individual spinal
peripheral nerves. As this grey column reaches the brain stem, it remains
near the central canal but gradually becomes segmented into isolated nuclei.
The segmentation is less pronounced in the medulla, where the nuclei remain
elonga ted, and then becomes more evident in the pons and midbrain, where
the nuclei are smaller and rounder.

7. Cranial nerve autonomic fibers are all pa rasympathetic (CNs 3, 7, 9,
and 10).

CN3

CN4

"_ --1,,;;. VISCERAL 1Il0TOR (p"plllary "",,"", ... ; .j ~ary
- I

~ SOMATIC MOTOR(t"p".1« abl,q"ft)

CauGal m,Gb<a,n

CNG

CGIIdclI pon t>V'-=,<~_ _ ~--> SOIllATIC MOTOR {Iott . ol .tel..l

Fig. 23 Crania l nerves 3, 4 and 6.
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How to Draw the Brain Stem in Cross Section

1be rostral midbra in (Fig. 22A) resembles a double-headed gingerbread
man with two belly buttons. In the caudal midbrain (Fig. 228). the ginger
bread man has lost his arms and has only one belly bunon.

The pons (Fig. 22C) resembles buttocks.
The rostral medulla (Fig. 220) has 3 bumps posterolarerally and 3 bumps

anterolalerally-very convenient. for doued lines between the bumps divide
the medulla into the somatic motor. autonomic. and somatic sensory zones.
The caudal medulla (Fig. 22E) looks something like the spinal cord with
which it gradually merges.

With the above information. it becomes easy to predict and draw the
anatomyof thecranial nerves with fewexceptions, as follows.

The Five Motor Nerves (Figs. 23, 24)

The nuclei of eN3 are located. appropriately. near the aqueduct. Their
axons. appropriately, exit anterc laterally without crossing over . Inappro
priately. however, the Edinger-Wt'stphal nucleus, which subserves visceral
molar function. lies closer to the midline than predicted. Also. certain of
eN3 fibers do cross over. but this need not concern us clin ically.

CN \I

CNI2

Mtd\illo

SOMATIC lII()l"Oft ( tt..IIOCI~"1

tro ptillit J

SOlII ATIC 1II0TOR (long...)
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Fig. 25 Basilar (am el ior ) view o f the brain stem. The outlinesor four repr~n!al i ve cross
sections are sho...n atthe In-ch of the bonzomallines. Srrucrures tbar are e~lemallyvil.ible in
the inlact brain stem are labelled in the cross sections. MB. midbrain, c. c puc chiasm: p,
pituitary gland ; m, mammill ary bod ies; A, an terior; nuc., nucleus. Numbers refer to the
individual cranial nerves.

CN4 is the exception to the rule of non-crossing over and anterior exit. It
exists posteriorly, crossing the midline.

CN6 follows the rules. Its nucleus is located in the pons near the fourth
ventricle in lite somatic motor area, and it sends its fibers anteriorly without
crossing over.

CNII is a social climber and really is not a cranial nerve. It is a spinal nerve
which creeps through the foramen magnum, touches the vagus and comes back
down again via the jugular foramen.

CNI2 follows the rules perfectly. Note its exit anterior to the inferior olivary
nucleus (a structure functioning in communication between cerebellum and
other CNS areas). All the other cranial nerves in the medulla exit posterior to
the olive (i.e., e Ns 7, 8,9, 10 - see Fig. 25).

The Three Sensory Nerves

The nucleus of CN8 lies in its appropriate area (Fig. 26). After synapsing, the
auditory fibers partly cross and travel to both inferior colliculi (Fig. 22), syn
apse again, extend to the medial geniculate bodies (Fig. 22), synapse, and then
travel to both cerebral hemispheres (auditory area, Fig. 52). CNs 1 and 2 , not
belonging to the brain stem, will be discussed later.
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The Four Mixed Nerves (5, 7,9, 10)

If you have memorized figure 19. the four mixed nerves will then become
predictable and easy. after rue following story about the term "somarovisceral."

Once upon a time the brain stern had a dilemma . It knew the position
occupied by the visceral nuclei. but was undecided on the defini tion of the
term "visceral ." II knew that "visceral" applied to smooth muscle. cardiac
muscle and glands. However. in the vernacular. visceral also refers to the
"gut," the digestive tract-which makes sense, for the stomach and intestines
are smooth muscles. But what about the pharynx, for instance. which con
tains somatic striated muscle yet is pan of the digestive tract? Is the pharyn x
visceral or somatic motor? If visceral. the pharyngeal nucleus would belong
in the visceral segment of the brain stem. If somatic motor it would lie in the
somatic motor portion. Undecided. the brain stem placed the pharyngeal
nuclei and other such "somarovisceral" (also called "branchiomeric") nuclei
within the visceral area but in a displaced position (Fig. 19) thus marki ng
them as differen t. Each of the four mixed nerves has some somatovisceral
motor component related to the gastrointestinal tract (5 - chewing; 7 - movi ng
the lips; 9 and 10 - SWallowing). Although some of their function are not

CNS

V""!lvlllr """..- -.
""-~~-~ -~,... Scn.lo('TI(: ~y (~""",J

-......,~_ t.....llou"'J

"'lit'" .....

CN5

Fig. 26 Cranial nerves 8 and s.
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related to the 0 1 tract (e.g., CN7 - closing the eyes). the brain stem never
theless lumped them all into the somatovlsceral motor category. CNs 5, 7. 9
and 10, while technically called "somatic motor", contain no anatomical
components in the somatic motor area of the brain stern.

Cranial Nerve 5

As noted in Fig. 26. CNS has a somatic motor (actually somatovisceral
motor) and a somatic sensory component in the appropriate regions. Note:
the motor nucleus of 5 is a small round structure confined to the pons. The
sensory nucleus of S is very long, extending into the medulla and becoming
continuous with the posterior hom of the spinal cord (Fig. 21). Hence the
need for a spinal tract to carry fibers along the length of the nucleus (Fig. 27).
You see, all the motor and sensory fibers of eNS enter the brain stem at the
level of the pons; some of the sensory fibers then travel into the medulla and
even the spinal cord via the spinal tract of 5 to synapse in the long sensory
nucleus of 5.

The sensory distribution of eNS is that of a face mask (Fig. 27). The sen
sory 5 distribution includes not only the superficial skin but also deeper
tissues within the mask area, as is known to anyone who has experienced
pain after belching soda up his nose. or anaesthesia in the dentist 's office.

IplMl n......1 Ctl.....- - 
( 1IO'fl - l l lIlper1ltur -J

Fig. 27 Ctnlral sensory connections of the trigeminal nerve. The spinal nucleus of eNSex
tends from the pons to spinal le\'el 0 . (Modified from DeMyer, W.• Ttchniqw of tM
Nrurologic wtnilkJtion. McGraw-HiI18ook Company. 1974).



The proprioceptive, light touch and pain fibers of the trigeminal nerve are
distributed respectively in a rostral to caudal sequence (Fig. 27) in the brain
stem. Thus. the tractotomy, an operation severing the spinal tract of 5 at the
level of the medulla to relieve unremitting facial pain, as in the condition
known as trigeminal neuralgia. results in loss of pain wi th little change in
other sensory modalities. The three branches of the trigeminal nerve are re
presented to some degree thro ughout the length of the sensory nucleus.

Cranial Nerve 7

CN7. the facial nerve, has four components (Fig. 28).

I. The somat ic (somatovi sceralj motor component . Th is naughty nerve
heard there was some sex to be had over by the 4th ventricle and began in
early development to grow in reverse direction, into the brain stem. On
arriving at the 4th ventricle it realized that it misunderstood . It was six. not

B. '"CRIES

(j)
'"SPITS

F!&. 28 A. Ctanialneoc7. B. Visceralmolor functiol\$or thc faclal Deoc.

"



sex, and the f acial nerve did an about f ace, traveling aro und the nucleus of
6, to exit anterolaterally. This component of the facial nerve is the most
important and lies in the pons. The other three components lie in the medulla ,
as follows:

2. The visceral motor component of CN7. The superior salivatory nucleus.
The facial nerve, master of facial expression, cries when it is sad and spits
when it is angry (Fig. 28). It lacrimates and salivates.

3. The somatic sensory component of CN7 is a very minor contribution,
monitoring sensation around the externa l ear. Indeed the somatic sensory
components of CNs 7, 9 and 10are all confined to the external ear, for the
rest of the face has been hogged by CN5 and cervical nerve 2, the latter cover
ing the area behind the head (Fig. 27). There is no sensory component to
cervical nerve 1. Note that the sensory nucleus of 5 actua lly obtains somatic
sensory input from cranial nerves 7,9, and to and possibly othe rs (proprio
ception from CNs 3, 4, 6), but it is still called the nucleus of S because of the
overwhelming predominance of CN5 input.

4. The visceral sensory component of CN7 (taste in the anterior two-thirds
of the tongu e) is also located precisely where it should be - in the visceral
sensoryarea of the brain stem. Do not be upset by the fancy name of "nucleus
sotitarius" used to describ e this visceral sensory nucleus. To understand
why nucleus solitarlus is not simply called the visceral sensory nucleus of 7
look back at Figure 21. See how the grey matter columns of the spinal cord
only gradually become broken up on passing through the brain stem. This
mak es the nuclei elongated in the medu lla, mean ing tha t a given nucleus
may be shared by several cra nial nerves at once. So nucleus solitarius cannot
be called the visceral sensory nucleus of 7 when it is shared by CNs 7, 9 and
to. The same argument goes for nucleus ambiguusdescribed below, which
is shared by CNs 9 and 10.

The locations of nucleus solitarlus and nucleus ambigu us give away their
functions. Nucleus solita rius, unlike the very long somatic sensory nucleus
of 5, is a visceral sensory nucleus located solitarily in the medulla in the
visceral sensory area. Its visceral sensory modalities include taste (CNs 7,9.
10), sensory input from the carot id sinus and carotid body (e N9) and the
massive sensory return along the vagus nerve.

Nucleus ambiguus is located in the " somatovisceral" motor area of the
medulla , coinciding with its somatovisceral function, namely swallowing
(CNs 9 and 10) and speech (CN ID) .

Nucleus ambieuu s is ambiguous for it is diffi cult to distinguish CNs 9 and
10 on exam inat ion: they both part icipate in the gag reflex and are usually
described together rath er than separately on exam. Of course, you could try
to distinguish 9 and 10 by testing taste on the posterior tongue or epiglott is,
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but then you would run the grave risk of getting vomited upon. Speech, by
the way. is not always noticeably affected with CNIO lesions despite unilat
eral vocal cord paralysis. One has to look into the throat to be sure.

Remember-Solitarius is Sensory 7. 9 10; aMgibuus in Motor 9. 10.
Nucleus solitarius and ambiguus become particularly important when

evaluating the patient who presents with vertigo, a common clinical com
plaint. Vert igo (a sense of spinning) has two main causes. Sometimes it
reflects dysfunction of the vestibular apparat us of the inner ear. At other
times it results from dysfunction of the vestibu lar nuclei in the brain stem.
Nucleus solnarius and ambiguus lie near the vestibu lar nuclei. Therefore. if
the patient not only has vertigo. bUI also difficulty with taste, swallowing,
or speech. this increases the suspicion of a brain stem lesion (see question
5·3c. syndrome of the posterior inferior cerebellar artery ).

Cranial Nerve 9

Note in Figure 29 the appropriate positions of the nuclei of eN9. as well
as the functions of this nerve. e Ns 9 and 10 each have their own superior
and inferior ganglia.

CN9

CNIO

B.

Fig. 29 Cranial nerves9 and 10 . s.g.• superior gang lion; Lg.• inferior ganglio n.
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Cranial Nerve 10

The nuclear arrangement o f CN IQalso fits ap propria tely (Fig . 29). e N IO
has many func tions. Whereas eNs 9 and 10 medi ate swallowing, onl y e NID
controls the larynx . Moreover. it is a "vagran t" nerve traveling far to inner
vat e the lungs. heart and abdomina l viscera up to the splenic flexure o f the
large co lon . Note the two mo tor nuclei of CN IO - the aut onom ic one for
th e numerous au tonomic functions o f the ner ve and th e nucleus ambi guu s
for the somarovisceral functions of swallowing and innervation of the larynx.

CENTRAL CONNECTIONS OF

CRANIAL NERVES 5 AND 7

Cranial Nerve 5

Just as all o f the conscious sensory components of the spinal nerves even
tually cross over and tend to synapse ju st prior to crossing, th e sam e holds
true for the trige minal nerve. Sensory fibers ent er the brain stem at the level
o{ the pons and then , via the trac t of S, synapse ipsilat erally along the length
of the trigeminal nucleu s (Fig . 27). Then they cross over (with some minor
exception not to be discussed) to form the tr igeminal lemniscus. A lesion
destroying one cerebral hemisphe re would interfere with sensation on the
op posite side of the body including the face . A lesion destroying one ha lf of

CN 7
A hook;
closes eyes

Fig. so. Eyelid innervat ion o f cranial nerves 7 and 3.

..

CN ][
3 pillars;
opens eyes



the brain stem (theor etical) would interfere with co nscious sensatio n below
the head cor uralatera lly by destroying the medial lemniscus and spinothalamic
tracts. The same lesion wou ld decrease bot h ipsilateral and co ntralateral

facia l sensation (affecti ng both the ipsilateral nucle us a nd tract o f 5 and ip
silateral trigemina l lemniscus which had crossed over).

Th e t rigemi nal lemruscus and med ial lem niscus lie clo se to o ne anot he r
and for pract ica l purposes may be co nsidered to co urse in the same areas.

Cranial Nerve 7. The Facial Nerve

CN7 (a hook - Fig. 30) pulls down , closing the eye, whereas CN3 (3 pillars
- Fig . 30) opens the eye. Th is is a vital clinical poi nt .

Figu re 31 illustrates the clinical dif ference between upper motor neuron
and lower motor neuron damage to CN7. If one severs CN7. which innervates
o ne enti re side o f the face, including the eyelids and eyebro ws, that entire
side of the face becomes paralyzed. The forehead o n the affected side appears

\
CORTICOBULBAR ;::;)

TRACT \~

FACIAL.- -4./>t
NERVE

MOTOR AREA,
FACE

UPPER MOTOR
---",+-NEURON LESION

><;;:j".J.p-<:7 ·FACIAL NUCLEUS

, __LOWER MOTOR

NEURON LESION

Fi, . 31 Facial paralysis caused by upper and tower MN lesions of eN7. Shaded facial areas
indicate zones or racial paralysis. (Modilitd from Clark, R.G., MonIer &: GUll 's essentials
ofClinlr:ol Nrurwnulomyund Nru rophysiololO', F.A. Davis Co. , Philadelphia, 1915).
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ironed out. The eye will not close and there is flatteni ng of the nasolabial
fold. If the lesion is above the level of the nucleus of 7, i.e., an upper motor
neuron al lesion, only the area ofthe face below the eyes is paralyzed because
of the bilateral innervation of the upper face by the two cerebral hemispheres.
Hence, the typical stroke patient with an upper MN lesion rarely needs a
tarsorrh aphy (an operation to keep the eyelids closed) whereas the patient
with Belt 's pals)' (a spontaneous peripheral nerve 7 palsy of unknown etio
logy) may, beca use of marked difficulty in closing the eye. In severe cases,
this results in drying of the eye unless the lids are sutured together or rnedi
cation applied topically. The usual site of inj ury in Bell' s palsy is somewhere
in the facia l canal (which lies between the internal acoustic meatus and the
stylomastoid foramen- Fig. 32), and may involve other branches of e N7
(to the stapedius muscle, lacrimal and salivary glands-Fig. 32). Since the
stapedius dampens sound waves, its nonfunctioning leads to hyperacusis.
where in sounds appear excessively loud. Usually, function returns after
Bell' s palsy. The patient may then expe rience "crocodile tears," in which
the patient tears on eating, instead of salivating, owing to misguided growth
of the regenerating salivary and lacrimal fibers.

THE LONG TRACTS

The main pathways through the brain stem are illustrated in Figure 33.
The cort icospinal tract, medial lemniscus, spinothalamic tract, and spino 
cerebellar tracts are the most important clin ically. Not shown is the conico
bulbar tract, which acco mpanies the corticospinal tract and connects, among
other things, with the various brain stem motor nuclei. Unilateral damage

BRAIN STEM

--- 1---- Lacrlmol /Ol lo"d (teori"lOl)

I----Tam (onterkw 2/3 of tongue) and
SulwnaxlJIar)' and klllilnpn gIanc!a(aalivaflonJ

Itytom II IDrwMn
L Facial muteutatur.

Fig. 32 Schematic view of the course of CN7.
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to the corticobulbar tract does not cause massive dysfunction because each
tract connects bilaterally with most cranial nerve motor nuclei. If one tract
is damaged. the other tract carries on the function. The important exceptions
are eNs 7 and 12, as corticobulbar tract lesions result in contralateral lower
facial paralysis (Fig. 31) and. in some patients. contralateral weakness of
the tongue (question 5-4). Bilaterallesions of the corticobulbar tracts result
in a profound dysfunction. termed pseudobulbar palsy. Patients with this
disorder experience difficulty nat only with facial expression and motion
of the tongue, but with chewing. swallowing. speech. and breathing. There
may also be inappropriate spells of laughing or crying.

For practical clinical purposes, one may assume that corticobulbar fibers
cross over contralaterally at about the same brain stem level a" their motor
nuclei of termination.

The topographical arrangement of HAL (Head. Arm, Leg) is berter known
for the medial lemniscus than the other fiber pathways. Picture Mr. HAL
standing upright in the medial lemniscus of the medulla. On approaching
the sleep area in higher brain centers he gets sleepier and sleepier until he is
lying down at the level of the midbrain. As you may be getting sleepy right
now, this chapter is hereby ended.

Question

4- 1. A patient experiences decreased conscious proprioception in the left
upper extremity. decreased pain-temperature sensation in the left
face. and decreased pain-temperature sensation on the right side of
the body below the head. Where is the lesion?

NUCLEUS a FASCICULUS CUNEATUS".,....
SPINAL TRACT a
NUCLEUS OF CNG

SPINOTHALAMIC TRACT

Fig. 33A Am . Caudal medulla (or upper cervical cord).
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CHAPTER 5. THE VISUAL SYSTEM

Destruction of a cerebral hemisphere results in dense paralysis and sensory
loss in the contralateral extremities. Such lesions do not result in corresponding
visual loss or ocular paralysis confined to the contralateral eye . Rather.
both eyes are affected part ially. Neither eye can move to the contralateral
side and neither eye sees the co ntralateral environmen t (Fig. 34).

OBJECT IN RIGHT 
VISUAL Ft£l.O

~ ~

0.0
0 .0 CEFT

. co
()oC)
ctE

~F~

RIGHT RETINA

OPTIC TRACT

;..+\-_"'rLATERAL. GENICULATE
... BODY

/f,I---l-PAR1ETAL. LOBE OPTIC
RADIATION ('Ilptrior " t iM)

IY :;'I--,f--TEMPORAL LOBE OPTIC
RAOIATlOH IInf., . 'IUno}

\~r--7"~Ar'Q above calcarine flu llf.
(fro m Illperior r, tlna)

CALCARINE FISSURE
""10 1I. low co\eClrine "U"'I Urorn infe rior r, llno)

Fig. 34 The vis.ual pathways as seen from above lhe brain. Leners ....·F refer to visual field
defects following lesions m the corresponding brain areas. Circles indicate what the left and
right eyes see (the left and right visual fields). Black areas represent visual field defects. A.
Constricled field lefl eye (e.g.• end-stage glaucoma). When constr icted fields are bilateral. n
sometimes signifies hYSleria. B. Central scotoma (e.g.• op nc neuritis tn multiple sclerosis).
C. Total blindness of the left eye. D. Bitemporal hemianopia (e.g.• puuna ry gland tumor).
E. Righi homonymous hemianopia (e.g.. stroke) F. Right superior quadrantanopia.
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Optic fibers temporal to the fovea connect with the brain ipsilaterally.
Fibers nasal to the fovea cross over to the opposite side at the optic chiasm.
A lesion of the optic tract on the right, therefore. results in loss of the left
visual field in each eye.

Note (Fig. 34) that the left visual field falls on the right half of each retina;
the superior visual field falls on the inferior retina. The left visual field pro
jec ts to the right side of the brain. Similarly, the superior visual field projects
below the calcarine fissure in the occ ipital lobe. In other words everything
is upside down and backwards, provided you think in terms of visual fields.
For example, a patient with a lesion below the right calcarine fissure exper
iences a left superior field deficit (Fig. 35).

OPTIC NERVE

'--.
.,..-J . .
I ......'

OPTlC RAOIAnON
.. TDIPORAL. LOBE
(f""" 1ft,,",,, reltto)

OPTIC RAOIA11Oft IN PARIETAL LOBE (frOlll l\ICltnol' retina)
LATERAL YEHl'RlQ.E:

REPRESENTATION Of ....-"..-r-r~:::"'.......,
P£RIPH£RAL RETINA

REPflE'SENTATIONOF fOVEA _

CALCARINE fISSURE
(OR ..tdlal..,.et 0

....l

Fig. 35 Lateral view of the visual pathways. showing the visual field defect resulting from a
lesion below the right calcarine fissure in the foveal region of the occipital cortex. LGB, lateral
gen iculate body. (Modified from Cushing, H., Trans. A. Neuro l. Assoc. 47:374-433. 192t .)



The center of the retina (thejovea, which is the area of most acute vision)
projects to the tip of the occipitallobe (Fig. 35). Thus, a patient with a severe
blow to the back of the head may experience bilatera l central scotomas
(visual field defects) if bo th occipital poles are destroyed .

OPTI C REFLEXES

Pupillary Constriction to Light

Unlike the pathways mediat ing vision , which involve a synapse in the
lateral geniculate body. the pupillary light reflex involves a direct pathway

Optic t ract

1I'i:l---< i1iar )' ganglion

r \i. 36 The pathways for the pupillary liaht ren e'll and accemmce auon. LOB. lateral
senieulate body. The depleted lesions presumably also interrupt light retle'll fibns cumins
from the Qpposite side of the brain stem. The pathway shown innervating the eye is hiahly
scheml.lk; the light reflex path....ay Involves only pupillary constriction, .. herea s the aecoID'
meeauc n pathway arrea, both pupillary constriction and ciliary body accommodation.
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to the midbrain from the optic tract (Fig. 36). Shining a light in one eye
normally leads to constriction of both pupils (termed the consensual reflex)
as may be deduced from the connections depicted in figure 36.

Accommodation

Accommod ation (Fig. 36) involves a neural circuit to the visual cortex
and back, which makes sense, for we need our cerebral cortex to determine
that something is out of focus before we can send directions to correct the
focus. Focusing occurs by stimulating the smooth muscle of the ciliary body
in the eye to cont ract, thereby enabling the lens to change its shape (accom
modation). During accommodation not only does the lens focus but the
pupil constricts, both smooth muscle actions mediated by parasympathetic
components of eN3.

Cerebra l cor 'ell.
Area 8 (voluntary conjugate qoze)
Area l 17, 18 , /9 ( involuntary conjtlgote following movements)
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PON S
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, ,, Nuc. 3

I
I
I
I

RIGHT

MEDULLA

N!.K'f"''"'1' j--,'--_6 I c Lat era l qaze
center (PPRF)

Fig. 31 The palhway for lateral oonJugale gaze.

PPRF - ponune paramedian reticular rormenon,
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The syphilitic (Argyl/-Robertson) pupil (also ca lled the prostitute ' s pupil
because it accommodates but does not react) constricts during accommoda
tion, which is normal. but does not constrict to light. The lesion is considered
to lie in the pre/ectal area of the superior colliculus (Fig. 36).

Conjugate Gaze

Damage to the motor areas of the cerebral cortex produces contralateral
paralysis of the extremities. It does not produce loss of all the contralateral
eye muscle movements. but rather loss of the ability of ei ther eye to look
toward the contralateral environment. Following a lesion to the left visuo
motor area (Brod mann's area 8-see Fig. 52), the patient cannot look to
the right. His eyes tend to deviate to the left. In essence, they "look at the
lesion." This occurs because the pathway from the left hemisphere inner
vates the right lateral rectus muscle (right CN6) and the left medial rectus
muscle (left eN3). See figure 37. The right lateral rectus and left medial
rectus muscles both direct the eyes to the right.

A lesion to the medial longitudina l f asciculus bilaterally, most commonly
seen in multiple sclerosis, would produce a decreased ability for ei ther eye to
look medially (Fig. 37, 38). In this instance, both eyes could converge be
cause the pathway for convergence (as well as vertical gaze) is different from
the path for lateral conjugate gaze . The condition resulting from lesions to
the MLF is known as the MLF (medial longitudinal fasciculus) syndrome.
or internuclear ophthalmoplegia (Fig. 38).

In the one-and-a -halfsyndrome, there is a lesion of o ne abducens nucleus.
as well as the crossed connections to both MLFs. Thus, in a right-sided
lesion, neither eye can look to the right on attempted right conjuga te gaze .
On attempted left conjugate gaze, only the left eye moves, as its lateral rectus
function is preserved.

RIGHT LEFTo "Look 10 Ihe left "

<C!J> "Look 10 Ihe righi'

~ " Converge"

Fig. 38 lntemuclear ophthalmoplegia.
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Co nvergence and vertica l gaze ap parent ly involve circuit s in the midbrain
close to (altho ugh not within) the superior colliculus. Hence, diffi culty with
conve rgence and vertical gaze may ari se in tu mors of the pinea l gland which
press upon the brain stem at the superior co llicular level. Parinaud 's syndrome
is pupillary co nstriction and paralysis of vertical gaze followi ng lesions close
to the superior colliculus .

Nystagmus

Nystagmus is a repetitive. tremo r-like oscillati ng movement of the eyes.
The most common fonn of nystagmus is horizontal jerk nystagmus, wherein
the eyes re pet itively move slowly toward one side and then quickly bac k. It
is normal to have a slight degree of such nystagmus on attempted extreme
lateral gaze, but mar ked degrees are abno rmal and found in a variety o f
clinical conditio ns. Vertical nystagm us is always abnorm al, signifying a dis
order in brain stem funct ion. Pendular nystagm us, in which the eye moves
at equal speeds in both direct ions, commonly is congenita l or present after
p rolonged periods o f blindness.

Th e pathways for nystagmus are so complicated that the situation is best
explained by a little story .

I! is common knowledge tha t the brain stem is very du mb and slow, being
the most prim itive par i of the brain . The cerebral co rtex , a relatively recent
evolu tionary development . is smart and fast. One day, a man was driving
along in his car when so meone sitting to his right squi rted some cold wat er

c-. &'1>@> ( Cold wate"
NORMAL

~ < G>CI!>LET HARGY

<:~
~

CG> (OOTUNOATION
STUPOR

<B> <8> (COMA

Fl' , 39 Cold caloric ro:'; pon~n in ~l a les or altered consciousness, Small arrow indicates the
slow phbf or nysl<lgmuS. Largearro.... indicates the rast phase.



into his right ear (the clinical test known as cold calories). The,dumb brain
stem sluggishly moved its eyes to the right , drawling in its deep, slow tone
" HEY·Y· Y· Y·Y! WHO'S SQUIRTING COLD WATER IN MY EAR?"
Alarmed at this, the smart, quick cortex quickly jerked the eyes back, shout
ing " HEY! GET BACK AND LOOK AT THE ROAD!" These are the slow
and fast components of nystagmus following cold calories. The clinical
usefulness of this test will soon become apparent , after the following bit of
additional information.

We all know that as consciousness declines, say in sleep, the cerebral
cortex becomes depressed more readily than the brain stem. This is Ionunate,
for if the brain stem went to sleep we might lose some rather vital functions
like control of respiration, which is located in the brain stem. It takes a pretty
severe environmental change to depress the brain stem. With the above in
formation we can now predict the reflex ocular responses to cold caloric
testing and understand its clinical app lication.

State of Consciousness

In the normal waking state (Fig. 39), when cold water is introduced into
the ear there is nystagmus, with the slow component (small ar row) toward
the side of stimulation, followed by a fast component (large arrow) in the
oppo site direction . There is no net deviation of the eyes. As the patient be
comes lethargic the cortex begins to fall asleep first so the fast component
of nystagmus becomes less pronounced . There still is nystagmus but also a
net deviation of the eyes. With further depression Iobtundation, stupor)
there is deviat ion without the fast movement of nystagmus, for the cerebral
compo nent is defective. With coma, the brain stem becomes depressed and
there is no movement at all. Whereas the last pattern occurs in true coma,
the first patt ern appears in the patient faking coma.

4iP 0 (-(--Cold water

Fig. 40 Cold calonc response in a case oftighl lhird nerve paralysis.

Muscle Paresis

Cold calories can confirm the suspicion of a CN3 or CN6 paresis in a
stuporous patient (Fig. 40). For instance, the uncus, a portion of the temporal
lobe lying part icularly close 10 CN3 (Fig. 9) may herniate against CN3 and
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damage it following a subdural hemorrhage, resulting in a widely dilated,
fixed (unresponsive to light) pupil. Cold calories. by confirming the pre
sence of medial rectus weakness, helps to confirm that the dilated pupil is
due to e N3 injury and not to other causes (e.g., someone placing dilating
drops in the eye and not telling anyone).

Doll's Eye Phenomenon

On turning the head suddenly to one side there is a tendency in patients
without brain stem damage for the eyes to lag behind. This is the Doll 's Eye
phenomenon, as in a doll' s eye which looks down when the head is lilted
back. The reflex is believed to be brain stem mediated and any asymmetry
or lack of response is believed to reflect significant brain stem dysfunction.
Of course, it is wise to know, before performing this exam, that the patient
does not have a broken neck.

Questions

5-1 A 53 year old woman reports that her nucleus ambiguus isn't feeling
well. What are her symptoms?
Ans. Hoarseness (often but not always present with CN ID lesions)
and difficulty swallowing.

5-2 A patient chronically ingesting full doses of streptomycin, quinine,
and aspirin began complaining of bilateral hearing loss. Why?
Ans. All these agents can damage the auditory nerve.

5-3 Draw a single unilateral lesion accounting for the following symptoms
and signs.

A. Right hemiplegia, weakness of the left tongue (tongue deviates
to left when protruded), atrophy and fasciculation of the left tongue.
Ans. Medulla, left pyramid and left hypoglossal nerve (Fig. 4IA). In
riding a bicycle, pushing against the right handlebar will cause the
wheel to tum to the left. Similarly, weakness of the left tongue results
in deviation of the tongue to the left on attempted protrusion.

B. The above symptoms plus conscious proprioceptive loss in the
right upper and lower extremities.
Ans. Left pyramid, plus left hypoglossal nerve plus left mediallem
niscus, as might occur in an occlusion of a branch of the anterior
spinal artery (Fig. 4IB).
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fi a: . 41 Lesion sires. l etters refer to qut~ ion 5-3.

LEFT
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Note in figu re 9 that the crotch o f Willis lies at the ju nction of the
po ns and medulla . Thi s mean s that the anterior spinal artery, verte
bral artery and posterior inferior cerebellar a rtery all run over the
medulla for part of their co urses . All three o f these vessels give off
branches to the medu lla. the anterior spinal artery being most medial.
supplying the area noted in the above lesion . The most lateral area
o f the three is supplied by the posterior inferior cerebellar artery
(Fig. 42). The pons is supplied by vascular branches from the basilar
artery, ante rior inferior cerebe llar artery, and superior cerebellar
ar tery.
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Fig . 42 Vascular suppl y to the brain stem (schematic) .

C. Cerebellar dysfunction with right sided ataxia, loss of pain
tempe rature on the right face and left upper and lower extremities,
hoarseness, difficulty swallowing, loss of taste on the right , vertigo
and nystagmus .
Ans. This is the classical syndrome of the posterior inferior cere
bellar artery (Fig. 41C) which may become thro mbosed. Cerebellar
dysfunction - right spinocerebellar tract; loss of right facial pain
temperature - injury to spina l tract and nucleus of right eN5. Loss
of left uppe r and lower extremity pain -temperature - injury to right
spinothalamic tract (remember . it crossed over); hoarseness and swal
lowing difficulty - right nucleus ambiguus; taste - right nucleus
solitarius; nystagmus - irritation of the vestibular nuclei.

D. The right eye cannot abduct (move laterally); left hemiplegia.
Ans. Lesion to right pons involving CN6 plus right corticospi nal
tract (Fig. 4ID).

E. Case D plus total right peripheral facia l paralysis.
Ans . Pons including fibers from eN? (Fig. 4 IE) .



F. Case E plus loss of left position and vibratory sense.
Ans. Pons with involvement of right medial lemniscus (Fig 41F) .

G. Progresssive left-sided deafness and left lower motor neuron
facial paralysis. absent left-sided cold caloric responses.
Ans. A defect in hearing involves either the cochlear nuclei, CN8, or
more peripheral areas as there is little effect on hearing with lesions
central to these levels (bilateral representation of hearing). The lesion
may involve a tumor of the ponto-cerebellar angle (The angle between
pons, medulla. and cerebellum), e.g. an acoustic neuroma. affecting
CNs 7 and 8.

H. Paralysis of the left arm and leg and right masseter muscle. Right
facial anesthesia (loss of all sensation); anesthesia of left upper and
lower extremities, paralysis of left tongue, paralysis of left lower facial
muscles, paralysis of conjugate gaze to the left.
Ans. A lesion in the pons will affect the right corticospinal tract, right
motor nucleus of 5 (a small nucleus confined to the pons). right sensory
nucleus of S. right spinothalamic tract and medial lemniscus. There may
also be interruption of the corticobulbar tract on the right before the
fibers cross over to the left nuclei of CNS 12 and 7. Paralysis of left
lateral gaze involves interruption of the conjugate gaze pathways prior
to crossing over to the left lateral gaze center (Fig. 43H).

I. Paralysis of the right lower facial muscles and right upper extre
mity and inability to adduct (move toward the body midline) the left
eye; left ptosis and dilation of the left pupil. tongue deviates to the
right side.
Ans. Midbrain lesion. Paralysis of right upper extremity- medial
aspect of left pyramidal tract, including as yet uncrossed fibers (upper
motor neuron) to right nuclei of eNs 7 and 12. Damage to fibers of
left CN3 results in left ptosis and dilation of the left pupil (Fig. 431).

1. Inability to adduct the left eye. with diplopia (double vision) on
right lateral gaze plus right hemianesthesia to all sensory modalities.
Ans. Left eN3 involvement at the level of the midbrain (Fig. 43J) ;
involvement of both the left medial lemniscus and left spinothalamic
tracts which are in direct apposition at this level (in contrast to their
separate positions at the level of the medulla- see Fig. 33).

K. Left-sided headache, total paralysis left side of face with vertigo
and left-sided hearing loss: no other neurological deficit.
Ans. Possible left -sided cerebellopontine angle tumor (outside the
brain stem).

L. Nystagmus, bilateral internuclear ophthalmoplegia, central
scotoma right eye, weakness right lower extremity with right Babinski.
urinal)' incontinence. right ptosis with difficulty adducting right eye.
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Ans. Multiple lesions must be postulated, probably secondary to
multiple scleros is. The other majo r cause of multiple cent ral nervous
system lesions is metastatic cancer.

54 What deficits will occur in the cranial nerves following destruction of
the left cereb ral hemisphere?
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Ans. CNI-Ioss of olfaction on the left. CN2-right homonymous
hemianopia. CNs 3, 4, ~Ioss of right conjugate gaze. CN5-righl
facial hemianesthesia. Only slight motor defect in chewing on the right,
owing to bilateral innervation of the motor nucleus of 5. CN7-lower
right facial paralysis. CN8-little defect owing to bilateral represen
tation. CNs 9, II)- no significant defect-c-bilareral innervation.
CN l l-decreased function on the right (minimal). CN l2-variable
contralateral tongue paresis.

You can remember the motor defects with most CN upper MN lesions
by noting which muscle maneuvers you find difficult to perform. Most
of us will experience difficulty in raising one eyebrow, trying to move
but one eye, biting down exclusively on one side. or swallowing or
talking on one side only. These difficulties coincide with bilateral inner
vation of the cranial nerves.

5·5 Who comes to the doctor 's office first- A patient with a constriction
of the visual fields as in end stage glaucoma or a patient with a central
scotoma, as in multiple sclerosis (Fig. 34)?
Ans. TIle patient with a central scotoma. It is associated with a pro
found drop in visual acuity owing to foveal involvement. The patient
with a constricted field may have 20-20 vision and be unaware of a
gradually constricting field. Hence the reason for routine office glau
coma screening.

5·6 A one-eyed patient has the visual field depicted in figure 44. Where is
the lesion?
Ans. It is impossible to tell whether the lesion corresponds to a right
homonymous hemianopia or to a bitemporal hemianopia. The lesion
either involves the optic chiasm or is located somewhere between the
chiasm and the visual cortex on the left.

5·7 A friendly patient came to the emergency room for a foot rash. TIle
exam was normal except that the physician noted a widely dilated right
pupil. He called the neurosurgeon to perform immediate emergency
burr holes in the patient' s skull to drain his subdural hematoma, which
apparently must have caused an uncal herniation and eN3 damage.
What did the physician fail to consider?

LEFT.
AI · 44 Visual field defect illqut Slioo 5-().
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Ans. Patients with uncal herniation and brain stem compression
tend to be quite sick. This patient wasn't. A dilated pupil may be caused
by accidental instillation of dilating drops in the eye or co ngenitally
as in Adie 's pupil. In the larter, the pupil is always dilated and responds
minimal ly and sluggish ly to light. It is unaccompanied by other CN3
signs such as ptosis or oculomo tor defec ts.

5-8 A patient 's left eye looked funny. The left upper lid appeared higher
than on the right. His pupil was larger on the left than on the right.
What single lesion may account for this?
Ans. Horner 's syndrome on the right, interrupting the sympathetic
fibers to the eye on the right. Note that it may be difficult by appearance
alone to determine which side a defect is on. In this case the defect was
on the right even though the patient' s appearance was misleading.

5-9 A patient has no pupillary reaction at all to light shined on the left
side. There is a reaction to light in both eyes when light is shined
on the right. Where is the lesion?
Ans . Left CN2.

5-10 There is pupillary react ion to light on the right side only, when light is
shined on the left or right eye. Where is the lesion?
Ans. Left CN3 lesion.

5-11 Where is the lesion in a patient with inability to move the right eye past
the midline on attempted left conjugate gaze but otherwise has good
converge nce ability?
Ans. Right medial longitudinal fascicu lus (internuclear ophthalmo
plegia). See figure 37.

5-12 There is only one area of the nervous system where the nucle i of pri
mary sensory neurons are located within the CNS rather than in outside
ganglia . This is the mesencephalic nucleus of eN5 (Fig. 27) which
contains the nuclei of CN5 proprioceptive fibers. ls this an important
clinical fact?
Ans. No.

5- 13 In the cornea l reflex, both eyes normally blink upon touching either
cornea. If neither eye blinks on touching the right co rnea and both
eyes blink on touching the left cornea, which cranial nerve is likely to
be affected?
Ans. Righ t CN5 .

5- 14 If only the left eye blinks on touching either the right or left cornea,
which cranial nerve is likely to be involved?
ADS. Right CN?,
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5-15 If you stick a finger in your left ear and touch a tuning fork to the
forehead midline (or simply hum), which ear hears the sound loudest?
Ans. The left ear , for you have simulated a conductive loss on the
left, in which bone conduction is accentuated. Ear wax occlusion and
damage to the tympanic membrane or ossicles also Cause conductive
losses as opposed to neural hearing loss which results from CN8 injury.

5-16 Why should one test CN I in a patient with a suspected optic chiasm
lesion?
Ans. The olfacto ry tracts (Figs. 9, 47) pass close to the optic chiasm.

5-17 Describe the actio ns of the superior and inferior rectus muscles and
superior and inferior oblique muscles with regard to elevation and
depression of the eye.
Ans. The superior rectus and inferior oblique muscles both elevate
the eye. The inferior rectus and superior oblique muscles depress the
eye. The rectus muscles act maximally when the eye is deviated tem
porally. Th e obliques act maximally when the eye is deviated nasally.

5-18 Bilateral lesions of the cerebrum or ventricular regions of the brain
stem may result in ab normal breath ing patte rns. The precise neu
ronal circuitry involved is unclear . Generally localize the lesion in
the following breath ing patterns.
Ans.

NORMAL

LESiONS

CEREBRUM

MIDBRAIN

PONS

MEDULLA

Fig.44A
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CHAPTER 6.

AUTONOMIC SYSTEM AND HYPOTHALAMUS

Th e autonomic system regulates glands , smooth muscle and ca rdiac mus
cle. It contains sympathetic and parasympathetic components. The sym
pathetic system as a who le is a catabolic system, expending energy, as in the
night or fight response to da nger. e.g , increasing the heart rate and contra
ctility and shunt ing blood to the muscles and hear t . The pa rasympathet ic
system is an anabolic system, conserving energ y, e.g . in slowing the heart
rate a nd in promoting the digestio n and absorptio n o f food . The cell bod ies
of preganglionic sympathet ic fibers lie in the intermediolateral columns of
the spinal cor d at spinal co rd levels TI-L2 (Figs. 45. 46). Th ose of th e para
sympathetic system occupy comparable positions at spinal co rd levels 52-54.

SPLANCHNIC
NERVE

A.

PREVERTE8RAL.~c;:>--~
GANGUOH

B.

S2- 54

......",.

Al. ROOT GANGL.ION

PERIPHERAL
NERVE

GANGUON

PERIPHERAL GANGLION

Fig.45 A. The sympathetic nerve routes. B. The parasympathetic nerve routes.
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In addition. cra nial nerves 3, 7, 9 and 10 have parasympath et ic components
(3 - pupil and ciliary bod y constriction; 7 - tearing and salivation; 9 
sal ivation : 10 - the vagus and its ramifications).

In order to extend allover the bod y the sympathetic system fibers leave
the spinal cord at levels n ·L2 . en ter the par avertebral ganglion chain and
then may travel up o r down the chain for co nsiderable distances prior to
synapsing (Fig. 46). The sym pat hetic chain st retches fr om the foramen mag
num to the coccyx and supplies the far reaches of the body ....-ith post-ganglionic
sympathetic fibers. Pa rasympathetic fibers reach widespread areas via the
vagus (Fig . 46).

Both parasympat het ic and sympathet ic systems contai n two neuron s be
tween the spinal cord and periphery. The first synapse is cholinergic (con
tain ing acetylcholine). Fo r the sympathetic system th is synapse is either in
the paravertebral chain o f sympathetic ganglia or fart her away in the pre
vertebral ganglion plexuses (Fig. 4SA).

Parasympathet ic synap ses typically lie very close to o r within the viscera .
The final syna pse of the parasympathetic system contains acetylcho line.
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whereas the final synapse of the sympathetic system contains noradrenaline,
with the exception of certain synapses, as for sweating, that contain
acetylcholine (i.e., are cholinergic). In the chart below, note that secretory
function in general are stimulated by cholinergic fibers.

Structu re Sympathetic fun ction Parasympath etic f unction
Eyo DIlates pupil (mydriasis ) Co ntracts pup il (miosis)

No significant e ffect on Contracts cil iary muscle
ciliary musc le (acc om moda tion)

Lacrimal g land No signiflcam e ffect Stim ulates sec retion

Salivary glands No significant e ffect Sti mulates secretion

Sweat gland, Stimulates secret ion No sign ificant effect
(cholinerg ic fibers)

Heart
Rate Increases Decreases
Force of ventricu lar
co ntrac tion Increa ses Decrease s

Blood vessels Dilates or co nstricts card iac & No Significant effect
skeleta l muscle vessels"

Constrict s skin and digestive
syst em bloo d vessels

Lungs Dilates bronchi al tubes Constricts bro nchial tubes
Stimulat es bro nchial gland

secretion

Gastro intestinal Inhibits monhty and Stimulates mot ility and
tract sec retion sec retio n

GI sphincters co ntrac ts relax es

Adrenal medulla Stim ulates secre tion of No significant effect
adrenaline (cho linergic

fibers)

Urinary bladder ? Contracts

Se~ orga ns Ejaculation Erection"

-strmunnon of beu-a recep tors dilates card iac and skele tal mu scle vesse ls where as stimulation of
alpha-I receptors constricts. Most dilation of cardiac and skeleta l vesse ls. though. may be due to
nonautonomic . local tiss ue autoregulatory responses to lack of o~ygen .

**P arasympathetic = erectio n, since paras ympat hetic is a longer wor d

In extreme fear both systems may act simultaneously, producing involun
tary emptying of the bladder and rectum (parasympathetic) along with a
generalized sympathetic response. In more pleasant circumstances, namely
in sexual arousal, [he parasympathetic system mediated penile and clitoral
erection and the sympathetic controls ejaculation.

Proceeding rostrally from the caudal tip of the spinal cord, one first
finds a parasympathetic area (52-054), followed by a sympathetic region
(T I-L2), then parasympathetic areas (e Ns 10,9,7, 3) and then successively
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a sympathetic and parasympathetic area. a strange alternating sequence .
The latter two areas are the posterio r and anterior parts of the hypothalamu s
I Fig.46).

The hypoth alamus. a structure about the size of a thu mbnai l, is the master
contro l for the autonomic system. Stimulation or lesions result not in isolated
smooth muscle, cardiac muscle or glandular effects but in orga nized act ions
involving these syste ms. e.g.• in the fea r or rage reaction of the flight or
fight response, in increased and decreased appetite. altered sexual funct ioning,
and control of body temperature . For instance, stimulation of the posterior
hypothalamus may result in conservation of body heat and an increase in
body temperature owing to constriction of cutaneous blood vessels.

Many circuits co nnect the hypothalamus with variou s areas of the cerebral
cortex, brain stem and thalamus. Figure 47 shows the reverberating Papez
circuit believed to be invol ved in the emotional content of co nscious thought
processes. It provided intercom munica tion between hippocampus, hypo
thalamus. thalamus and cerebral cortex. Note the input of the olfactory
system. which also plays a role in emotion. Thi s is ev ident if you have ever
seen two dogs sniffing one another or noted the prominence of the perfume
industry in major department stores.

Anterior tl'lalamiC nuellUl

Fornix

Porollippocarnpal--"<"."... HlppOcompul

Gyrus eI"9uli

Corpus callosum

"-...,,""Septal nuclei

-~.''''''''.:~''.~''":.r:-::: -OlfactOfJ' bulb

MammillarJ' body

Amygdala
U",,,,,

Fig.47 The Papez circuit (shaded areas). The labe led structures as a whol e
are referred to as the limbic system. The hippocampus, amon g other things, is
invol ved in the storage of short-term memory . The amygdala is importan t in
the initiation of emotional responses. (Mod ified from Clark. R.O., Manter and
Gate's Essentials of Clinical Neuroanatomy & Neurophysiology, F.A. Davis
Company, Philadelphia, 1975.)

In Wemicke's syndrome. which occurs in patients who are alcoholic and
undernourished. there is paralysis of eye movements, atax ic gait and dis
turbances in the stale of consciousness associated with hemorrhages in the
hypothalamus and other regions.
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Korsakoff' s syndrome also occurs in alcoholic patients and consists of
memory loss. confusion and confabulation associated with lesions in the
mammillary bodies and associated areas.

The hypothalamus lies close to the pituitary gland. A disorder of one
structure may affect rhe other. Figure 48 shows the major hypothalamo
pituitary connections. Note that nerve fibers from the paraventricuior and
supraoptic nuclei connect with the posterior pituitary. These nuclei secrete the
hormones oxytocin and antidiuretic hormone (vasopressin). These hormones
are synthesized and transported in neurons and then released at the ends of the
nerve terminals in the posterior pituitary.

The anterior pituitary contains no neuronal connections. Instead, releas
ingfactors are produced in the hypothalamus and are released into the portal
circulation and then transported to the anterior pituitary where they stimu
late cells in the anterior pituitary to secrete various hormones, including
adrenocorticotrophic hormone, thyrotrophic hormone, somatotrophic hor
mone, follicle stimulating hormone and luteinizing hormone.

Posterior lobe

Paraventricular _-::~-\+-....
nucleus

Supraoptic nucleus-.,e--ff.

Parlal sysl.m--1~

-?~~
Anterior lobe

Mammillary body

Brain
stem

Fig.48 The connections between the hypothalamus and pituitary gland.

Disorders of the autonomic system include:
I. Riley-Day syndrome (jamilial dysautonomia), a disease associated

with degenerative changes in the central nervous system and the peripheral
autonomic system. Symptoms include decreased lacrimation, transient skin
blotching, attacks of hypertension. episodes of hyperpyrexia and vomiting,
impairm en t of taste discriminatio n. relative insensitivity to pain, and
emotional instabil ity.



2. Adiposogenital syndrome, charac terized by obesi ty and retarded deve
lopment of secondary sex ual characteris tics. sometimes is assoc iated with
lesions in the hypothalamus.

3. Precocious puberty may result from hypothalamic tumors.
4 . The common co ld. Temperature elevation is apparently the consequence

of some influence on hypothalamic functioning.
5. Tumors of the pituitary may have a destructive effect on the pituitary

gland and hypothalamus by direct extension. e.g. in chromophobe adenoma
and craniopharyngioma which general ly are nonsecretory tumors. If the
tumo r co ntains function ing glandular tissue e.g.• acido philic or basophilic
adenoma. there may be the opposite effect of hypersecretion of pituitary
hormones.

6. Diabetes insipidus. Vasopressin (antidiuretic hormone) enhances the
reuptake of water in the kidney . Interference with its production. as by an
invading tumor . leads to diabetes insipidus. characterized by excessive pro
duct ion of urine and excess ive thirst (up to 20 liters imbibed daily).

7. Homer 's syndrome. Interruption of the cervica l sympathetic nerves
(or in some cases thei r central origins in the spinal cord and brain stem)
leads to ptosis. miosis and dec rease in sweating on the involved side of the
face. Sometimes this is the result of a rumor of the apex of the lung (Pan
coast tumor ) that interrupts the fibers as they course from the superior cer
vical ganglion (the most rostral ganglion in the sympathetic chain ) to the
carotid artery on their way to the orbit.

Surgica l procedures are performed that interrupt the sympathetic inner
vation of the lower extremities. in order to increase circu lation of cases of
vascular insufficiency.

8. Hirschsprung 's megacoJon-Congenital absence of parasympathetic
ganglio n cells in the wall of the co lon, resulting in poor co lonic motility and
a dilated colon.

Questions

6- 1 Which type of fiber- sympathetic or parasympathetic is damaged by
a lesion to the cauda equine at vertebral level L5?
Ans. Parasympathetic. The last sympathetic nerve TOOt exits through
its foram en at vertebral level L2. Parasympathetic nerves 52-54 origin
ate in the spinal cord in the vicinity where the spinal cord ends-about
vertebral level LI -L2. These parasympathe tic fibers then trave l down
the cauda equina to ex it at vertebrae 52·S4.

6-2 Draw the appearance of the eyes in A. A right Homer ' s syndrome.
B. A right CN3 lesion. C. A right CN7lesion.
Ans. Figure 49.
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Fig. 49 Answers to questions 6-2 A. Miosis and slight ptosis. B. Dilated fixed pupil and
marked ptosis. C. No pupillary changes. The ir aerpalpebral fissure may be slightly wider on
the right because of loss of muscle tone in the orbicular is ocul i (eN?) muscle.

6-3 Why do patients with migraine headache sometimes develop a con
stricted pupil during (he migraine attack?
Ans. Edema along the carotid artery at the time of migraine may
compromise the sympathetic nerves that travel with the carotid artery
and its branches.

6-4 What is the locus ceruleus?
Ans. It is a norepinephrine-containing brain stem nucleus that lies
near the mesencephalic nucleus of e NS. It projects to widespread
areas of the brain and may have a general effect on modulating brain
function.

6-5 What is the reticular fo rma/ion?
Ans. It is. simply, any area of grey matter that is unlabeled in diagrams.
As more become known about it, more labels will appear and its size will
diminish. It has important motor and sensory functions. including those
relating to the autonomic nervous system (e.g.. centers in the medulla
controlling heat rate and blood pressure). Multisynaptic pathways
through the reticular formation, from hypothalamus to spinal cord. con
vey sympathetic information. Thus, it is possible to acquire a Homer' s
syndrome from a brain stem lesion.

Endogenous chemicals with opiate-like activity (endorphins) and
their receptors have been found in various areas of the reticular forma
tion (e.g.. the grey matter surrounding the aqueduct. and cells along
the midline of the brain stem). The implication of the system in the
relief of pain is currently a topic of great interest.
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CHAPTER 7.

CEREBELLUM, BASAL GANGLIA,
AND THALAMUS

OinicaDy. it isnot very important to know the complex. internal connections
of th e thalamus. cerebellum and basal ganglia , and these will not be empha
sized.

The Thalamus
The thalam us is a sensory relay and integrative center co nnect ing with

man y areas o f the brain including the cereb ral cortex, basal ganglia, hypo
thalamus and brain stem. It is capable of perceiving pain but not o f accur ate
localization. For instance. patients .... h h tumors of the thalamus may experi
ence the "thalamic pain syndrome" - a vague sense of pain without the
abilit y to accurately localize it. Sensory fibers. ascendin g th rouah the brain
stem, synapse in the thalamus and are then relayed to the cerebra l cortex via
the internal capsule. Motor fibers descending from the cortex pass to the

.r--- ----...
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Fig. SO The mltrn l l cap"ulc and ia rclatiOflshlp to Ihe caudate nuclc:u\ (G . thalamus. (T),
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in -' . C. Crou secnon al lhe k\<el indiulN in A. D. The course of the major mOlor and
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brain stern via the internal capsule without synapsing in the thalamus. Figure
~O illustrates the anatomy of this region .

Important thalamic nuclei include: the ventral posterolateral (VPL)
nucleus, a synaptic region for ascending spinal sensory pathways (FIg. IS);
the ventral posteromedial (VPM) nucleus, the synaptic area for the
trigeminal lemniscus (F1g.27); the anterior thalamic nucleus , which is a part
of the Papez circuit (Fig.41); the ventral lateral (VL) nucleus, which receives
input from the cerebellum (Fig.SI).

The lentiform nucleus (the putamen plus globus pallidus) lies lateral to
the internal capsule, and the caudate nucleus and thalamus lie medial. Note
in Figure SOD the distribution of head . arm and leg fibers in the internal
capsule.

The Cerebellum and BasalGanglia
Rather than list the multitude of complex cerebellar and basal ganglia

connections, it is clinically more important to understand the types of clinical
syndromes that may occur in these two systems. In general. cerebellar dys
function is characterized by awkwardness of intentional movement s. BasaJ
ganglia disorders are more characterized by meaningless unintentional move
rnents occurring unexpectedly.

Cerebellar Disorders
I . Ataxia - awkwardness of posture and gait; tendency to fall to the

same side as the cerebellar lesion; poor coordination of movement; over
shooting the goal in reaching toward an object (dysmetria); inability to
perform rapid alternating movements (dysdiadochokinesia). such as finger
tapping; scanning speech due to awkward use of speech muscles, resulting
in irregularly spaced sounds.

2. Decreased tendon reflexes on the affected side.
3. Asthenia - muscles tire more easily than normal.
4. Tremor - usually an intention tremor (evident during purposeful

movements) .
~. Nystagmus.

BasalGanglia Disorders
1. Parkinsonism - rigidity; slowness; resting tremor; mask-like facies; shuf

fling gait, associated withdegeneration in the basal ganglia and substantia nigra.
2. Chorea - sudden jerky and purposeless movements (e.g. Sydenham's

chorea found in rheumatic fever; Huntington's chorea, an inherited disorder).
3. Athetosis - slow writhing, snake-like movements, especially of the fingers

and wrists.
4 . Hemiballismus - a sudden wild flail-like movement of one arm.
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Questions

7- 1 In theRombe rg test the patien t is asked to close his eyes whil e standing.
lf be sways back and forth with his eyes closed. but does not sway with
them open, then the Romberg lest is called "positive." Normally there
shou ld be no swaying even with the C) 'CS closed. In what clinical condi
tions would you expect a positive Romberg?

Ans. In proprioceptive or vestibular defects. for the following reason.
To keep one's balance requires at ICa!lt two out of the three senses that
help maintain balance-vision. vestibular sense and proprioception .
These tNN modalities feed into the cerebellum. Thu s. if either pro
prioception or vestibu lar sense arc defecti ve. me patient will sway if he
also closes his eyes. One ca n distinguish a proprioceptive from a vesti
bul ar deficit by neu rological testin g. In the propriocept ive defect the
patient experiences difficulty in determining if his toes are being flexed
or extended by the examiner. In vestibular defects he may experience
vertigo (a sense of spinning of the patient or his envi ronment). nysrag
mus or abno rmal cold calo ric testing.

7·2 Will a pat ient with a pure cerebellar defect have a pos itive Romberg?

ADs. No-he will sway with or without his eyes closed and the de
finiti on of " Romberg" is quit e strict (see question 7-1).

7-3 A red nucleus lesion results in tremor of the right arm and leg. Which
red nucleus is involved-right or left?

Ans. left. The right cerebellum controls the right side of the body.
Pan of this mechanism involves fibe rs which enter the supe rior cere
beJlar pedu ncle and cross over to the left red nucleus. Fibers eventually
cross back again (Fig. 51) 10 the right side. Hence a lesion to the left
red nucleus results in a right sided deficit.

7-4 A patient has right-sided paresis of the ex tre mities and lowe r face .
sensory loss (pain. touch . conscious propri oception ) on the right side
of the body. and right homonymous hemi anopia. Where is the smalles t
lesion that would account for thi s?

Ans. Posterior limb of the left internal capsule. including the optic
radiation (see Fig. SOD). Thi s is a common lesion. oflen from a stroke in
this area (e .g.• Involving choroidal or striate arteri es-c-Flg. 7).
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Fig. 51 The relatio nship between the cerebellum and the red nucleus. (Modified from Clark,
R.G. , Manier & a an's Essentials of Clinical Neuroanatomy &. Neurophysiology, F.A . Davis
Company, Philadelphia , 1975).
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CHAPTERS. CEREBRAL CORTEX

Lesions to the nervou s system may lead to simple or complex levels o f
dysfunct ion depending upon the area invo lved . For instance. if one asks a
pa tient to put on a polo shirt and his left brachial plexus is severed . he will
onl y use his right arm, as his left arm is par alyzed.Th e cerebc llumand basal
ganglia represent a step Iurther in levels of function ing. With a cerebellar
lesion, the patient may perform the act awkwardly, e.g. overshooting the
mark, o r with tremor. With basal gangli a lesions there may be unexpected,
unplanned totall y irrelevant movements, beyond the realm o f awkwardness.
e.g., a sudden flail-like movement , etc. In the cerebral cortex, unless the
lesion is in the primary mo to r area wherein paralysis ma y result . a higher
level o f dysfunct ion may be found . e.g, trying to get his head into the sleeve
or trying other inadequate orientat ions.

In speech, a lesion of CN IOmay result in hoarseness ( laryngeal dysfunction).
When cranial nerves 10, 12 or 7 are involved, the re ma y be difficuh y with
the " KLM" sounds: Le. , the sounds " Kuh , Kuh , Kuh" test the so ft palate
(CNIO) , " LA , LA . LA," the tongue (CN12) and "MI, MI, MI" the lips
(CN7). With lesions in the speech area s of th e cerebra l cortex , the deficit
may involve higher levels o f speech orga nization - the delet ion o f words or
inclusion of excessive or inapprop riate words . In psych iatric disturbances
the level of dysfunction is even higher with abnormalities in the entire pa tte rn
of thought organization .

It is similar for the senso ry pathways. Simple anesthesia may result from
lesions between the primary sensory cortex and the body periphery. In other
brain are as , the pat ient may have difficulty in comprehending the incoming
information. For instance, a lesion to the optic tract results in homo nymous
hemianopia. In lesions to conical areas 18 and 19 the pat ient sees but may
not recognize what he is loo king at.

Complex cerebral receptive disabilities are cal led agnosias. Co mplex cere
bral motor disabilities ace apraxias. Often the two are difficult to distinguish.

When lan guage function is involved the d isabilities arc termed aphasias.
Aphasia may be recept ive (i .e. , reading, listening) or motor (i.e., writing,
talking). For aphasia to occur, the lesion must be in the dominant hemisphere,
which is the left hemisphere in right handed people and in man y (but not
all) left handed peo ple.

The shaded area in Figure 52 indicates the region o f the cerebral cortex
involved with aphas ia. Su bdivisions of this area are logical. Lesions in the
anterior part of this area, ncar the motor cortex, tend to result in expressive
aphasia . Lesions more poste rior, nea r the auditory and visua l cortex, result
in receptive aphasia. Lesions nearer the visual cortex result in inability to
read (alexia). Lesions near the audi tory cortex result in inability to under
stan d speech .
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Actually. difficulty in talking may result from both anterior or posterior
lesions. Following lesions in the more anterior regions of the aphasic zone.
speech disturbances tend to be nonfluent; the patient omits nouns and con
nector words like but. IJr and and. In the more posterior regions his words are
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area(pain- temperature)

Shaded area · aphasic zone

Fig.52 Major regions of the cerebrum.

plentiful or even excessive. but he crams into his speech inappropriate word
substitutes. circumlocutions and neologisms-a word salad. Presumably.
this is because the ability to speak also depends on the ability to understand
what one is saying. Thus. if the aphasic area near the auditory cortex is in
volved. this will also result in a defect in speech.

Lesions to corresponding areas of the non-dominant hemisphere do not
result in aphasia. but rather in visual or auditory inattention to the left en
vironment or to general unawareness of the concept of "left," The patient
may deny he has any neurological deficit despite a dense hemiplegia and left
visual field defect.
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Specific cerebral cortical regions and the effects o f lesions are listed below.
Area 4 (the primary motor area). Lesions result in init ial Flaccid paralysis

followed in severa l month s by pa rtial recovery o f funct ion and a possible
Babinski reflex: spast icity an d increased deep tendon reflexes may occur if
area 6 (the supplementa l motor area) is included .

Lesion s to a rea 8 (the fro ntal eye fields) result in difficulty in voluntarily
moving the eyes to the opposite side.

Areas of the fro ntal cortex rostral to the motor areas are involved in com
plex behavioral activities. Lesions result in chan ges in judgment . abstract
thinking, tactfulness and fo resight . Symp toms may incl ude irresponsib ility
in dealing with daily affairs, vulgar speech and clownish beha vior.

Ar eas 44, 45 (Bro ca's speech area ). The pa tient with a lesio n in this area
experiences motor ap hasia, bu t o nly when the dominan t hemisphere is in
vo lved . Th e pati ent know s what he wants to say but speech is slow, delet ing
man y prepositions and nou ns.

Areas 3, I , 2 (P rimary somesthetlc area). Lesions prod uce co ntralat eral
impairm ent o f to uch, pressure and proprioception . Pain sensation will be
impaired if th e lesion lies in the secondary somesthetic sensory area (Fig. 52)
which receives pain information.

Areas 41, 42 (auditory area). Unilateral lesions have little effecton hearing
o wing to the bilate ra l representati on of the auditory pathways. Significant
auditory defects generally involve either eN8 o r its entry po int in the brain
stem, for bilate ra l representa tion begins beyond this point.

Area 22 (Wern icke's area) . Lesions in the dominan t hemisphere resul t in
au d ito ry aphasia . T he patient hears but does nOI understa nd . He speaks but
makes mistakes un knowingly owi ng 10 his inability to understand his own
words.

Area 40 (sup ramargina l gyrus). Lesions in the do mina nt hemisphere re
sult in tactile and proprioceptive ag nosia , and a variety of other problems,
such as co nfu sion in left-right discr imination, disturbances of body-image,
and apraxia, by cutting off impulses to and from associa tion tracts that inter
co nnect this area with nea rby regions.

Area 39 (angular gyrus). Lesions in the do minant hemisphere may result
in alexia and ag ra phia (ina bil ity to read and write) .

Areas 17, 18, 19. Total destructio n cau ses blindn ess in the contrala teral
visual field. Lesions to areas 18 and 19 alone do not ca use blindness but
ra ther difficulty in recognizing and ident ifying objects (visual ag nosia).

Th e silent area is believed to funct ion in memor y storage of visual a nd
a~itory information and is im plica ted in ha lluci nations and dreams. Epi
leptic attacks o riginati ng in this regio n may be associa ted with amnesia
auditory hallucinati ons, and the deja ....u phenomenon .

The basalnucleus ofMrynen lies in the base of the frontal lobe just lateral to
the optic chiasm . Degeneration of this nucleus is associated with the dementia of
Alzheimer's disease.
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CHAPTER 9. CLINICAL REVIEW

9-1 What general princip les are useful in determining whether a lesion lies
at the level o f the cerebra l cortex, internal capsule, cerebellum.basal
ganglia, brain stem, spinal cord or peripheral nerve?
Ans. Cerebellar and basal ganglia lesions result in motor problems.
specifically in aberrations in the quali ty of coo rdinated movements, as
opposed to paralysis. Cerebellar dysfunction is characterized by awk
wardness of intent ion al movements. Basal ganglia disorders are more
charac terized by meaningless, unintentional, unexpected movements.
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Fig. SJ Dermatome map of me human body. C. cervical; T. thoracic: L, lumbar. S, sacral.



Lesions in the cerebral cortex and internal capsule both result in sen
sory and motor defects confined 10 the contralateral environment. It
may be difficult to differentiate a lesion in the cerebral cortex from
one in the internal capsule. The presence of higher level dysfunction,
particularly an agnosia or apraxia, is more consistent with a cerebral
cortex lesion.

Unilateral brain stem and spinal cord lesions result in ipsilateral as
well as contralateral defects, owing to the crossing over of certain
pathways and not others. In the spinal cord. a unilateral lesion results
in ipsilateral paralysis and proprioceptive loss and contralateral pain
temperature loss below the level of the lesion. A unilateral brain stem
lesion results in contralateral upper motor neuron paralysis and in con
tralateral proprioceptive and pain-temperature loss below the head.
and in ipsilateral cranial nerve defects. The presence of cranial nerve
involvement signifies that the lesion lies above the level of the foramen
magnum. The presence of radicular pain along an extremity suggest
that the lesion lies below the level of the foramen magnum, bUI it should
be noted that such pain may be incidental to more peripheral problems.
The presence of a cranial nerve defect on one side and defects of molar
or sensory modalities in the contralateral extremities confirms thai the
lesion lies at the level of the brain stem and not in the cerebral cortex or
internal capsule.

Peripheral nerve injuries result in ipsilateral motor and sensory
defects. Peripheral nerve lesions may be distinguished from Internal
capsule and cerebral cortical lesions by me presence of lower motor
neuron signs (see pg. 23) and motor and sensory defects along a derma
tome-like distribution (Figure 53).

In distinguishing a spinal nerve root lesion from a more peripheral
nerve lesion. several points should be considered. Severing a single
spinal nerve root commonly results in little if any motor or sensory
defect owing to me overlap distribution of adjacent roots. It may be
necessary 10 sever three or more roots to cause a significant molar or
sensory defect. With certain exceptions the dermatome (skin) map of
the various spinal nerve roots approximately overlies the muscular
map distribution of the same spinal cord segments. Spinal nerve root
lesions result in deficits that differ from those that follow lesions of
peripheral nerve plexuses and more peripheral extensions of the nerve.
This is a consequence of the fact that a peripheral nerve is a mixture
of fibers arising from several nerve roots.

Figures 54 and 55 illustrate me characteristic motor and sensory
deficits that arise from classical peripheral nerve lesions.

9·2 Localize the lesions in Figures 56-61 (shaded areas indicate regions of
functional deficit).

75



NERVE

RAD lAL 1C5-C8)

MOTOR FUNCTIONS IMPAIRED WITH INJURY

Elbow I nd wfi ll eKte<lslon (p,ahenl l'laS WflSl drop); ell tena,on o i ll nge<s . t metaearp.o-phlhlngeal jOlnlS; tri ceps
' ell e• .

Abi li ty to e'ev"e a,m above honlonlal (pati enl ha, wing ing Of SCapula)

Abtllly 10 move uppe, arm out ward, fO""'afd. 0 ' backward /lJIltOid alrOPhy'j.

Knl e lo tenl.on ; h lp U..,on; knee jerk

Hi p ad<1 uCUon (pil tlent' e leg sWings outward wil en walking).

I<nM lIe.ion pk.- 01'* funcllontt along ita bnInctIes-the "blal MIl common pe!Q!IINII nerwa .
Foollnwralon; ankle p!enlll , f1n1Ofl; ankle)e!1l .
Foot -.Ion; ankle and toea dORlIIe.1Ofl (palient hashigh slappjng gall owing to Iool drop). Thll _ II verycommonty"-

'.W IIlI . thumb, lndex, and midd le " nger IleKlo n; thumb oopoemon. 10rNml pron8110n, abili ty ot wrlst to bend
loward thl ,adll l (thumb) Side. atrophy of thenar eminence (ba ll o f lhumb).

ULNAR Ie&-T l ) FI'U ton 01 Willi , , 'ng and I man Unger (claw hand); opposllion little Unger; . bUlly 01 w" ,1 to bend l owarel ulflo1l'
(Small hn<,jer) IIde; adduChon and abd uct ion olhngl'S; atrophy Of hypo thenar emi nenCe tn palm (al ba se 01, jng
and l ma ll ' Ing81S).

MUSCULOCUTANEOUSl.C~~ Elbow U..1On (l)lcepsl. l (lf earm ' Upln.atlOfl, biceps feU• • .

M EDIAN (C6-T1)

AXILLARY «s-eer
LONG THORACIC (CS.C1,

FEM ORAL (L2·l . )

O BTURATOR (L2·LA)

SCIATIC (LA-S3)
Tlb lal / L. -S 3)
Common pl ronea l (L. ·S2)

~

Figure 54
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(8-2 con tinued)

Ans. (Figs. 56-61).
A. Right anterior cerebral artery (see Figs. 7.8).
B. Right middle cerebral artery (see Figs. 7,8) .
C. Amyotrophi c lateral sclerosis (see Fig. 18A). Distal extremities

commonly affected first.
D. Peripheral neuropathy (see question 3-5B).
E. Tertiary syphilis (tabes dorsalis). Upper extremities less common

ly affected (see Fig. 18B).
F. Hemisection of spinal cord (Brown-Sequard Syndrome) on left

at Ttl (see Fig. 15 and question 3-1).
G. Radicular pain, cervical root s C5-C6.
H. Syringomyelia CS-T2 (see Fig. 18F and question 3-3). Cervical

levels are most commonly affected, often with at rophy of the
small muscles of the hand.

I. Total transection of spinal cord, Til . The deficit could also result
from a midline tumor at the level of the central sulcus, but the
deficit in the latter would probably be less dense than that following
a spina l cord transection.

J . Pern icious anemia. Commonly also presents with numbness and
tingling of the distal portion of all extremities secondary to peri
pheral nerve involvement (see Fig. 18C).

K. Guillain-Barre syndrome. Commonly ascends to upper extremities
and face af ter affecting lower extremities (see Fig. 18E).

L. Polio (see Fig. 180).
M. Radial nerve injury.
N. Median nerve compromise. When injury is at level of wrist (e.g. carpal

tunnel syndrome). wrist flexion is unaffected .
O. Ulnar nerve inju ry.
P. Cauda equina lesion , S2·54.
Q. Lesion of left medulla (see Question 5-38) .
R. Syndrome of the posterior inferior cerebellar arte ry (see question

S-3C). May also cause contra later al loss of facia l pain-temp. if
trigeminal lemniscus involved (see pg. 41and Fig. 27).

S. Lesion of the right caudal pons (see Question S-3F).
T . Common peroneal nerve injury.
U. Mult iple sclerosis (no single lesion possible).
V. Lesion of right pons (see question 5-3H).
W. Lesion of left midbrain (see question 5-31).
X. Lesion of left midbrain (see question 5-3J ).
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GWSSARY
acoustic neuroma - a tumor of the Schwann cell elements of the auditory
nerve.
anesthesia - absence of sensation.
aneurysm - a focal ballooning out of a segment of blood vessel wall.
Babinski rejlu - an abnormal reflex in which the great toe moves upward and
the toes fan upon stroking the lateral plantar surface of the foot. It generally
signifies an upper motor neuron lesion.
basal gangUa - caudate nucleus. Ientifonn nucleus (= putamen plus globus
pallidus), claustrum and amygdala .
bitaterat - both sides of the body.
bitemporal hemianopia - loss of the temporal (lateral) visual field in each eye.
brachial artery - the major artery to the upper extremity arising from the sub
clavian artery.
Brodmann sareas - a classification of areas of the cerebral cortex according to
assigned numbers.
calcarine fiss"" - the horizontal fissure on the medial aspect of the occipital
lobe . It separates the projection from the superior retinae (above) and the infe
rior retinae (be low) .

cauda equina - the bundle of nerve roots extending caudally from the caudal
end of the spinal cord.
cerebral cortex - the narrow zone of grey matter that lies at the surface of the
cerebrum The grey matter lies external to the white matter in the cerebrum. The
reverse is true for the spinal cord.
circumlocution - the use of many words to express what might be stated by few
or one.
coma - depressed consciousness to the degree of unresponsiveness to noxious
stimuli.
conductive hearing loss - hearing deficit resulting from a mechanical defect in
the transmission of sound information between the external ear and the neuronal
sensory apparatus (as opposed to neuronal hearing loss).
conjugategaze - symmetrical movements of the eyes in a given direction.
contralateral - the opposite side of the body.
convergr - to move the eyes toward one another.
corpus callosum - the major connecting pathway between left and right hemi
spheres.
corticobutbor tract - the motor pathway between the motor area of the cerebral
cortex and the brain stem nuclei.
deja vu phenomenon - the feeling of having previously experienced a current
event.
diencephalon - thalamus, hypothalamus, epithalamus, plus subthalamus.
dermatome - the area of skin supplied by one nerve root (Fig. 53).
dilation - expansion.
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fasctcukn ions - coarse muscle twitching seen with peripheral motor nerve
inju ry.
fibrillations - fine, rarely visible, twitching of single muscle fibers, seen
with perip heral motor nerve injury.
flaccidparalysis - paralysis in which the affected muscles are limp, with
litt le resistance to passive movement.
hemiplegia - paralysis of the extremities on one side of the body.
homonymous hemianopia - loss of half of the visual field in each eye for
a given side of the environ ment.
homunculus - the upside down representation of the human body on the
cerebral cortex.
Horner's syndrome - pupillary constriction, slight ptosis, and decreased
sweating resulting from interruption of the sympathetic pathways to the eye.
hyperpyrexia - elevation of body temperat ure.
hyperreflexia -c-overactive reflexes.
nyporeflexia - underactive reflexes.
infarction - a region of tissue death, resulting from obstruction of the
local circulation .
intercostal arteries - the arteries tha n run between the ribs. These give
contributory branches to the spinal cord.
intermediolateral columns - the autonomic zone of spinal cord grey matter .
interpatpebratfls sure>-the space between the upper and lower eyelids.
ipsilateral - the same side of the body .
lesion - injury.
lethargy - drow siness.
medially - toward the midline.
meninges - the outer lining o f the central nervous system (pia , arachnoid,
and du ra) .
meningitis - inflammation of the meninges.
mesencephalic nucleus oj.5 - the rostralmost part of the sensory nucleus
ercxs.
miosis - constrictio n of the pupil.
nasolabial f old - the skin crease extending from the nose to a point lateral
to the corner of the mouth .
neologism - the use of a new word or an old word in a new sense.
neuron - nerve cell.
neuronalhearing loss- hearing deficit resulting from damage to eN8.
obtundation, stupor - degrees of depressed consciousness between lethargy
and coma.
olfaction - the sense of smell.
olive- the inferior olivary nucleus in the medulla .
ossicles- the small ear bones that transmit sound.
paresis>- partial weakness, short of paralysis (which is total).
posterior columns- the fasciculus gracilis plus fasciculus cuneatus.
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preteaum - the area just deep to the superficial regions of the superior
colllculus.
proprioception - the ability to sense the position of the limbs and their
movements, with the eyes closed.
ptosis - drooping of the eyelid.
radicular pain - pain along the distribution of a nerve root or primary
nerve trunk.
reflex - an involuntary motio n result ing from a stimulus (e.g. biceps jerk
in response to percussion of the biceps tendon) .
retina - the light-sensitive neural membrane within the eye.
retrograde - in reverse direction .
sagit/al- in a plane parallel to that which divides an animal into right and
left halves.
spastic paralysis - paralysis with a coinciding steady and prolonged invol
untary contraction of the muscles affected.
stereognosis - the ability to recognize objects by touching and handling
them with the eyes closed.
stroke - a prolonged or permanent loss of function in a brain area, resulting
from interruption of the blood supply.
tympanic membrane -e-the vibrato ry membrane separat ing the external and
middle ear.
uncus - a portion of the temporal lobe concerned with the sense of smell.
Epileptic seizures in this area are characterized by unpleasant smells. The
uncus lies close to eN3 and may press upon and injure it following a subdural
hemorrhage that forces the uncus to herniate against the brain stem.
unilateral - on one side.
vestibular apparatus - the balance-sensing mechanism in the inner ear.
visual field - the portion of the environment that the eye(s) sees on fixed
forward gaze .
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