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Fig. 2 7-3. Areas supplied by the cerebral arteries. 
A. The lateral surface of the right cerebral hemi­
sphere. 
B .  The medial surface of the right cerebral hemi-

sphere. The area supplied by the anterior cerebr ... 
artery is colored blue, that supplied by the middle ce­
rebral artery is red, and that supplied by the poste­
rior cerebral artery is green .  
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Fig. 2 7-4. Coronal section of cerebral hemispheres, 
showing arterial supply to deep cerebral structures 
from the middle cerebral artery .  

4. The posterior inferior cerebellar artery , rhe 
largest branch of rhe vertebral arrery, passes on an 
irregular course between rhe medulla and rhe 
cerebellum (see Figs. 2 7-2,  2 7- 1 1 ,  and 27- 12) .  It 
supplies rhe inferior surface of rhe vermis, the 
central nuclei of the cerebellum, and the under­
surface of the cerebellar hemisphere; it also 
supplies the medulla oblongata and the choroid 
plexus of the fourth ventricle. 

5. The medullary arteries are very small 
branches that are distributed to the medulla ob­
longata. 

Basilar Artery 
The basilar artery, formed by the union of the two 
vertebral arteries (see Fig. 2 7- 1 ), ascends in a 
groove on the anterior surface of the pons (see 
Figs. 2 7-2,  2 7- 1 2 ,  and 2 7- 1 3) .  At the upper border 
of the pons, it divides into the two posterior cere­
bral arteries. 
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l .  The pontine arteries are numerous ·small ves­
sels that enter the substance of the pons (see Figs. 
2 7-2, 27 - 12 ,  and 2 7 - 1 3) .  

2 .  The labyrinthine artery i s  a long, narrow ar­
tery that accompanies the facial and the ves­
tibulocochlear nerves into the internal acoustic 
meatus and supplies the internal ear. It often arises 
as a branch of the anterior inferior cerebellar ar­
tery. 

3. The anterior inferior cerebellar artery passes 
posteriorly and laterally and supplies the anterior 
and inferior parts of the cerebellum (see Figs. 
2 7-2,  2 7- 12 ,  and 2 7- 1 3) .  A few branches pass to 
the pons and the upper part of the medulla oblon­
gata. 

4. The superior cerebellar artery arises close to 
the termination of the basilar artery (see Figs. 
2 7-2 and 2 7- 1 0  through 2 7- 1 3) .  It winds around 
the cerebral peduncle and supplies the superior 
surface of the cerebellum. It also supplies the 
pons, the pineal body, and the superior medullary 
velum. 

5. The posterior cerebral artery curves laterally 
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and backward around the midbrain and is joined 
by the posterior communicating branch of the 
internal carotid artery (see Figs. 2 7 - 1 ,  2 7-2 , and 
27 - 10  through 2 7- 1 3 ) .  Cortical branches supply the 
inferolateral surface of the temporal lobe and the 
lateral and medial surfaces of the occipital lobe 
(Fig. 2 7-3) .  Thus the posterior cerebral artery 
supplies the visual cortex. Central branches pierce 
the brain substance and supply parts of the 
thalamus and the lentiform nucleus, and the mid­
brain,  the pineal, and the medial geniculate 
bodies. A choroidal branch enters the inferior horn 
of the lateral ventricle and supplies the choroid 
plexus ;  it also supplies the choroid plexus of the 
third ventricle. 

The circulus arteriosus lies in the interpeduncular 
fossa at the base of the brain. It is formed by the 
anastomosis between the two internal carotid ar­
teries and the two vertebral arteries (see Fig. 
2 7-2). The anterior communicating, anterior cere­
bral, internal carotid ,  posterior communicating, 
posterior cerebral, and basilar arteries all contrib­
ute to the circle. The circulus arteriosus allows 
blood that enters by either internal carotid or 
vertebral arteries to be distributed to any part of 
both cerebral hemispheres. Cortical and central 
branches arise from the circle and supply the brain 
substance. 

Arteries to Specific Brain Areas 
The corpus striatum and the internal capsule are 
supplied mainly by the medial and lateral striate 
central branches of the middle cerebral artery (Fig. 
2 7-4) ;  the central branches of the anterior cerebral 
artery supply the remainder of these structures. 

The thalamus is supplied mainly by branches of 
the posterior communicating, basilar, and poste­
rior cerebral arteries. 

The midbrain is supplied by the posterior cere­
bral, superior cerebellar, and basilar arteries. 

The pons is supplied by the basilar and the an­
terior, inferior, and superior cerebellar arteries. 

The medulla oblongata is supplied by the verte­
bral, anterior and posterior spinal, posterior in­
ferior cerebellar, and basilar arteries. 

The cerebellum is supplied by the superior cere-
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bellar, anterior inferior cerebellar, and poste�ior 
inferior cerebellar arteries. 

Veins of the Brain 
The veins of the brain have no muscular tissue 
in their very thin walls and they possess no valves. 
They emerge from the brain and lie in the sub­
arachnoid space. They pierce the arachnoid mater 
and the meningeal layer of the dura and drain into 
the cranial venous sinuses (Fig. 27- 5 ). 

External Cerebral Veins 
The superior cerebral veins pass upward over the lat­
eral surface of the cerebral hemisphere and empty 
into the superior sagittal sinus (Fig. 2 7-5) .  

The superficial middle cerebral vein drains the lat­
eral surface of the cerebral hemisphere. It runs 
inferiorly in the lateral sulcus and empties into the 
cavernous sinus (Fig. 2 7-5 ). 

The deep middle cerebral vein drains the insula and 
is joined by the anterior cerebral and striate veins to 
form the basal vein. The basal vein ultimately joins 
the great cerebral vein,  which in turn drains into 
the straight' sinus (Fig. 2 7-5 ) .  

Internal Cerebral Veins 
There are two internal cerebral veins and they 
are formed by the union of the thalamostriate vein 
and the choroid vein at the interventricular fora­
men. The two veins run posteriorly in the tela 
choroidea of the third ventricle and unite beneath 
the splenium of the corpus callosum to form the 
great cerebral vein, which empti,es into the straight 
smus. 

Veins of Specific Brain Areas 
The midbrain is drained by veins that open into 
the basal or great cerebral veins. 

The pons is drained by veins  that open into the 
basal vein, cerebellar veins, or neighboring venous 
smuses. 

The medulla oblongata is drained by veins that 
open into the spinal veins and neighboring venous 
smuses. 

The cerebellum is drained by veins that empty 
into the great cerebral vein or ad j acent venous 
smuses. 
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Fig. 27-6. Lateral internal carotid arteriogram. 
Male aged 20 years. (From R. S. Snell and A. C. 
Wyman, An Atlas of Normal Radiographic 
Anatomy. Boston: Little, Brown, 1 976.) 



Callosomarginal rrunk 

Anrerior 
cerebral ----

arrery 

',, ' ' 

/ 
Fronropolar arrery / 

Ophrhalmic arrery ,,. 
lnrernal carorid arrery ,-/ 

in cavernous srnus 
C l '°"', 

........... ' 0 . . I �--------'> cop1ra arrery 
C2 �----- Exrernal carorid arrery -�----- ln rernal carorid '-...,\� arrery in neck 

\'-...,, Bifurcarion of common 
', carorid arrery 

I ------- Common carorid arrery 
Lingual arrery I 

Superior rhyroid arrery 

Fig. 27-7. Main features seen in radiograph in Fig­
ure 27-6. 

I/I 

Casserre 

4 5 7  



458 27.  The Blood Supply of the Brain 

Fig. 2 7-8. Anteroposterior internal carotid ar­
teriogram. Male aged 20 years. (From R. S. Snell 
and A .  C. Wyman, An Atlas of Normal Radio­
graphic Anatomy. Boston: Little, Brown, 1 976.) 
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Fig. 27-10.  Lateral vertebral arteriogram. Male aged 
20 years. (From R. S. Snell and A. C. Wyman, An 
Atlas of Normal Radiographic Anaromy. Boston: 
Little, Brown, 1 976.) 
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Fig. 27-12. Anteroposterior (angled) vertebral ar­
teriogram. Female aged 3 5  years. (From R. S. Snell 
and A. C. Wyman, An Adas of Normal Radio­
graphic Anatomy. Boston: Little, Brown, 1 976.) 
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Clinical Notes 

Cerebrovascular disease is responsible for about 
50 percent of all adult neurologic hospital admis­
sions (Fisher, Mohr, and Adams, 1974). 

Cerebral Circulation 
The brain has been shown to be supplied with 
arterial blood from the two internal carotid ar­
teries and the two vertebral arteries, which unite 
anteriorly to form the basilar artery. The circulus 
arteriosus (circle of Willis), which lies in the inter­
peduncular fossa at the base of the brain, is formed 
by anastomoses between the internal carotid ar­
teries, the basilar artery, and their branches. 

In 195 1 ,  McDonald and Potter showed that the 
blood supply to half of the brain is provided by the 
internal carotid and vertebral arteries on that side, 
and that their respective streams come together in 
the posterior communicating artery at a point 
where the pressure of the two is equal and they do 
not mix. If, however, the internal carotid or verte­
bral artery is occluded, the blood passes forward 
or backward across that point to compensate for 
the reduction in blood flow. The circulus ar­
reriosus also permits the blood to flow across the 
midline, as shown when the internal carotid or 
vertebral artery on one side is occluded. It also has 
been shown that the two streams of blood from 
the vertebral arteries remain separate and on the 
same side of the lumen of the basilar artery and do 
not mix. 

Although the cerebral arteries anastomose with 
one another at the circulus arteriosus and by 
means of branches on the surface of the cerebral 
hemispheres, once they enter the brain substance 
no further anastomoses occur. 

The most important factor in forcing the blood 
through the brain is the arterial blood pressure. 
This is opposed by such factors as a raised intra­
cranial pressure, increased blood viscosity, and 
narrowing of the vascular diameter. Cerebral 
blood flow remains remarkably constant in spite of 
changes in the general blood pressure. This au­
toregulation of the circulation (Best and Taylor, 
197  3 )  is accomplished by a compensatory lower­
ing of the cerebral vascular resistance when the 

arterial pressure is lowered and a raising of the 
vascular resistance when the arterial pressure is 
raised. Needless to say, this autoregulation fails to 
maintain an adequate blood flow should the arte­
rial blood pressure fall to a very low level. 

The diameter of the cerebral blood vessels is the 
main factor contributing to the cerebral vascular 
resistance. While it is known that they are inner­
vated by sympathetic postganglionic nerve fibers 
and that they respond to norepinephrine, they 
apparently play no part in the control of cerebral 
vascular resistance in human beings. The most 
powerful vasodilator substance for cerebral blood 
vessels is carbon dioxide; the action of oxygen is 
directly opposite. It is interesting to note that in­
tellectual activity or anxiety has no effect on ce­
rebral blood flow (Sokoloff et al., 195 5 ;  Schein­
berg and Stead, 1949). In sleep, there is a slight 
increase in blood flow resulting from cerebral vas­
odilation (Mangold et al., 195 5) .  

Cerebral Ischemia 
Vascular lesions of the brain are extremely com­
mon and the resulting neurological defect will de­
pend on the size of the artery occluded, the state 
of the collateral circulation, and the area of the 
brain involved. Clinical studies and the exami­
nation of postmortem material have focused at­
tention on the high frequency of lesions in the 
common carotid ,  internal carotid, and verte­
bral arteries in the neck. 

Impairment of cerebral blood flow may be 
caused by a large number of conditions, and the 
more important may be considered under the fol­
lowing headings: ( 1 )  diseases that produce altera­
tion in blood pressure, (2)  d iseases of arterial 
walls, and (3 )  diseases that result in blockage of 
the arterial lumen. 

Diseases that Produce Alteration 
in Blood Pressure 
Interruption of Cerebral Circulation 
Irreversible brain damage with death of nervous 
tissue rapidly follows complete arrest of cerebral 
blood flow. It has been estimated that irreversible 



changes start to occur after about 2 minutes, al­
though this time may be longer if the patient's 
body has been cooled. Cardiac arrest due to coro­
nary thrombosis is the most common cause of this 
condition. 

Postural Hypotension 
Patients who get up after being confined to bed for 
several days, soldiers who stand at attention for 
long periods on a hot day, and worshipers kneel­
ing in church-all may experience the accumula­
tion of venous blood in the limbs or impaired ve­
nous return to the heart, with a consequent fall in 
the cardiac output and a lowered arterial blood 
pressure. As has been mentioned previously, the 
general arterial pressure has to be lowered consid­
erably before the cerebral blood flow is di­
minished. 

Physical and Psychological Shock 
The profound and prolonged fall in blood pres­
sure that may follow physical trauma such as an 
automobile accident or extensive surgery , espe­
cially in the elderly in whom the cerebral arteries 
are already narrowed by disease, may cause the 
patient to lose consciousness. Hyperventilation in 
anxiety states (McHenry, Fazekas, and Sullivan, 
196 1 )  may reduce the cerebral blood flow by low­
ering the carbon dioxide content of the blood. 

Change in Blood Viscosity 
In polycythemia vera, the cerebral blood flow is 
considerably reduced as the result of an increase in 
the viscosity of the blood (Brain and Walton, 
1969). 

Carotid Sinus Syndrome 
The carotid sinus, situated at the proximal end of 
the internal carotid artery, is extremely sensitive 
to changes in arterial blood pressure. Distention 
of the arterial wall causes a reflex slowing of the 
heart rate and a fall in blood pressure. This occurs 
as the result of an increased number of nervous 
impulses passing up the sinus nerve, a branch of 
the glossopharyngeal nerve, which connects with 
the cardioinhibitory and vasomotor centers. 
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Hypersensitivity of the reflex or external pressure 
may cause the blood pressure to fall suddenly and 
produce cerebral isch.emia and loss of conscious­
ness. 

Diseases of the Heart 
Any severe cardiac disease, such as coronary 
thrombosis, auricular fibrillation, or heart block, 
that results in a marked fall in cardiac output will 
result in a severe fall in general arterial blood pres­
sure and reduction in cerebral blood flow. 

Diseases of the Arterial Walls 
The most common cause of narrowing of the 
lumen of the arteries that supply the brain is 
atheroma. This disease may affect the main ar­
teries supplying the brain in  their course through 
the neck as well as their course within the skull. 
Moreover, the impairment of the cerebral circula­
tion may be worsened by an attack of coronary 
thrombosis, with its associated hypotension, shock 
due to surgical procedures, severe anemia, or even 
rotation of the head with external pressure on the 
carotid arteries. 

Atheromatous degeneration of the cerebral ar­
teries occurs most commonly in middle or old age 
and often complicates diabetes and hypertension. 
When actual blockage of an artery occurs, the ef­
fect will depend on the size and location of the 
vessel. The nerve cells and their fibers will degen­
erate in the avascular area and the surrounding 
neuroglia will proliferate and invade the area. In 
patients with generalized narrowing of the cere­
bral arteries without blockage of a single artery, 
the brain will undergo a diffuse atrophy. It should 
be remembered that a very narrow atheromatous 
artery may be blocked by a thrombus, thus totally 
closing the lumen. 

Diseases that Result i n  Blockage 
of the Arterial Lumen 
Embolism of a cerebral artery may occur in two 
forms : ( 1 )  by far the most common, a thrombus, 
and (2)  fat globules. The thrombus may develop 
anywhere on the endothelial lining from the left 
side of the heart to the p�rent vessels of the cere-
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bra! arteries. A common site of origin 1s an 
atheromatous plaque on the internal carotid, 
common carotid, or vertebral artery . Another area 
is the site of endocarditis on the mitral or aortic 
valve or the endocardial lining of a myocardial in­
farction following a coronary thrombosis. 

Fat embolism usually follows severe fractures of 
one of the long bones. Fat globules from the mac­
erated yellow marrow enter the nutrient veins, 
pass through the pulmonary circulation, and end 
up blocking multiple small cerebral end arteries. 

Cerebral A neurysms 
Congenital Aneurysms 
Congenital aneurysms occur most commonly at 
the site where two arteries join in the formation of 
the circulus arteriosus. Here there is a deficiency 

· in the tunica media, and, according to Carmichael 
( 1950), this is complicated by the development of 
atheroma, which so weakens the arterial wall that a 
local dilatation occurs. The aneurysm may press 
on neighboring structures, such as the optic nerve 
or the third, fourth, or sixth cranial nerve, and 
produce signs or symptoms, or may suddenly 
rupture into the subarachnoid space. In the latter 
case, the patient suddenly develops a severe pain 
in the head followed by mental confusion. Death 
may quickly occur, or the patient may survive the 
first bleeding only to die a few days or weeks later. 
Clipping or ligating the neck of the aneurysm of­
fers the best chance of recovery. 

Other types of aneurysms are rare and include 
those due to softening of the arterial wall follow­
ing the lodging of an infected embolus, those due 
to damage of the internal carotid artery as it lies 
within the cavernous sinus following a fracture of 
the skull, and those that are associated with dis­
ease of the arterial wall such as atheroma. 

l ntracranial Hemorrhage 
lntracranial hemorrhage may result from trauma 
or cerebral vascular lesions. Four varieties will be 
considered :  ( 1 )  extradural, (2) subdural, (3) sub­
arachnoid, and (4) cerebral. Extradural and sub­
dural hemorrhage are described on page 36. 

Subarachnoid Hemmorrhage 
Subarachnoid hemorrhage usually results from 
leakage or rupture of a congenital aneurysm on 
the cerebral arterial circle or, less commonly, from 
an angioma or contusion and laceration of the 
brain and meninges. The symptoms, which are 
sudden in onset, will include severe headache, 
stiffness of the neck, and loss of consciousness. 
The diagnosis is established by withdrawing heav­
ily blood-stained cerebrospinal fluid through a 
lumbar puncture. 

Cerebral Hemorrhage 
Cerebral hemorrhage generally is due to rupture 
of an atheromatous artery and is most common in 
patients with hypertension. It usually occurs in in­
dividuals of middle age and often involves a rup­
ture of the thin-walled lenticulostriate artery, a 
branch of the middle cerebral artery. The impor­
tant corticonuclear and corticospinal fibers in the 
internal capsule are damaged, producing hemi­
plegia on the opposite side of the body. The patient 
immediately loses consciousness, and the paralysis 
is evident when consciousness is regained. In  
some cases, the hemorrhage bursts into the lateral 
ventricle, resulting in deeper unconsciousness and 
corticospinal lesions on both sides of the body. 
Hemorrhage may also occur into the pons and 
cerebellum. 

Cerebral Angiography 
The technique of cerebral angiography is used for 
the detection of abnormalities of the blood ves­
sels, the detection and localization of space­
occupying lesions such as tumors, hematomas, or 
abscesses, or the determination of the vascular 
pattern of tumors to aid in the diagnosis of their 
pathology. Under general anesthesia, with the pa­
tient in the supine position, the head is centered 
on a radiographic apparatus that will take repeated 
radiographs at 2-second intervals. Both antero­
posterior and lateral projections are obtained. 
A radiopaque medium is injected rapidly into the 
lumen of the common carotid or vertebral artery 
or is indirectly introduced into one of these ar­
teries through a catheter inserted into the radial or 



femoral artery. As the radiopaque material is 
rapidly introduced, a series of films are exposed. 
By this means, the cerebral arteries, the capillary 
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flush, and the veins may be demonstrated. Exam­
ples of normal carotid and vertebral angiograms 
are shown in Figures 27-6 through 2 7 - 1 3 .  

Clinical Problems 
For the answers to these problems, see page 5 03 .  

1 .  While examining a patient who was admitted to 
the emergency room following a stroke, the 
neurologist turned to the medical student and 
asked him what the circulus arteriosus of Willis is, 
and what functions it normally performs. How 
would you have answered that question? 

2.  A distinguished neurosurgeon, while giving a 
lecture on cerebral vascular accidents, made the 
following statement: "It is generally agreed that 
there are no anastomoses of clinical importance 
between the terminal end arteries within the brain 
substance, but there are many important anas­
tomoses between the large arteries, both within 
and outside the skull, and these may play a major 
role in determining the extent of brain damage in 
cerebral vascular disease." Would you comment 
on this statement and name the sites where im­
portant arterial anastomoses take place. 

3. During examination of a carotid angiogram, it 
was noted that the contrast medium had filled the 
anterior and middle cerebral arteries but had 
failed to fill the posterior cerebral artery. On 
careful following of the contrast medium, it was 
seen to enter the posterior communicating artery 
but to extend no farther. Can you explain this 
phenomenon in a normal person ?  

4 .  A 58-year-old man, while sitting quietly eating 
his evening meal, suddenly complained of a very 
severe headache. A few moments later, he 
slumped forward over the table and lost con­
sciousness. He was immediately admitted to the 
hospital and the examining physician detected the 
following physical signs. The patient was in deep 
coma, his face was flushed and his breathing was 
deep and slow ( 1 4  per minute), and the right 
cheek blew out during expiration. Periodically, 
the breathing would become rapid and deep 

(hyperpnea), alternating with intervals of complete 
cessation of respiration (apnea) . The pulse rate 
was slow (50 per minute) and the pupils did not 
react to light. The corneal reflex was absent on the 
right side. The patient lay quietly with his head 
and eyes turned to the left, he had urinary inconti­
nence, and his temperature was normal. 

When the patient was examined for alteration of 
muscle tone, the right side of the face looked 
somewhat flattened, the right corner of the mouth 
was sagging, and saliva was drooling out of that 
side of the mouth. The muscle tone of the limbs 
appeard to be less on the right side · than on the 
left, and the tone on the left appeared to be within 
normal limits; the change in muscle tone was 
greater in the right arm than in the right leg. The 
right abdominal reflexes were absent and there 
was also a positive Babinski response on the right 
side. 

Three days later, the patient slowly regained 
consciousness; the right arm and,  to a lesser ex­
tent, the right leg were paralyzed, but movements 
on the left side were normal. As the days passed, it 
was clear that the lower part of the right side of the 
face was paralyzed, the patient had some difficulty 
in swallowing, and he was unable to speak. During 
the next 2 weeks, the muscles of the limbs on the 
right side became hypertonic and the tendon re­
flexes were hyperactive. It was observed that the 
patient had some sensory loss on the right side. 
What is your diagnosis? 

5 .  A 65-year-old woman collapsed in the street 
and was admitted to the emergency room in a 
coma. Twenty-four hours later she recovered con­
sciousness and was found to have paralysis on the 
left side of the body, mainly involving the lower 
limb. There was also some sensory loss on the left 
side of the body. She was able to swallow normally 
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and did not appear to have difficulty with her 
speech. What is your diagnosis ? 

6. A 4 5-year-old man was admitted to the hospital 
after collapsing in his home 3 days previously. He 
was found by a friend on the floor of his sitting 
room in a partial state of unconsciousness. On 
physical examination, he was found to have right­
sided homonymous hemianopia, although careful 
examination of the fields of vision showed that the 
macular regions were normal. Right-sided hemi­
anesthesia and hemianalgesia also were present, al­
though the patient complained of severe burn­
ing pain in the right leg. During the first 24 
hours in the hospital, the patient demonstrated 
mild right-sided hemiparesis of the flaccid type, 
which disappeared within 2 days. What is your 
diagnosis ? Be specific in describing the branches 
of the artery that are involved. 

7. During the course of an autopsy on a patient 
who had recently died of cerebrovascular disease, 
the pathologist made the comment that in ather­
osclerosis of the cerebral arteries, the atheroma­
tous plaques tend to occur where the main arteries 
divide or where the arteries suddenly curve. It is 
thought that at these sites the pressure flow 
changes may be a factor in the causation of the 
disease process. Using your knowledge of 
anatomy, name as many sites as you can where the 
main cerebral arteries divide or undergo abrupt 
change in their course. 

8. Having carefully examined a male patient with 
cerebrovascular disease, the physician met with 
the family to discuss the nature of the illness, the 
course of treatment, and the prognosis. The 
daughter asked the physician what was meant by 
the term stroke and what the common causes are. 
He was also asked why the clinical findings vary so 
much from patient to patient. Using your knowl­
edge �f the anatomy and physiology of cerebral 
blood flow, can you explain why patients with 
cerebrovascular disease present such a variety of 
syndromes? 

9. The classic sign of cerebrovascular disease is 
hemiplegia, and yet we know that most patients 

also exhibit sensory deficits of different types. 
Using your knowledge of the anatomical distribu­
tion of the cerebral arteries, discuss the main types 
of sensory loss that you may find in such patients. 

10. During the discussion of the symptoms and 
signs of a 70-year-old female who had been ad­
mitted to the hospital for the treatment of cere­
brovascular disease, a fourth-year medical student 
made the comment that he was surprised to find in 
this patient that many of the signs and symptoms 
were bilateral. He said that the three previous pa­
tients he had examined had displayed only unilat­
eral signs and symptoms. Using your knowledge 
of neuroanatomy, explain why some patients ex­
hibit bilateral signs and symptoms while in others 
the syndrome is clearly unilateral. 

1 1 . Neurologists speak frequently of the domi­
nant hemisphere, and if cerebrovascular disease 
should involve that hemisphere one would expect 
the patient possibly to have global or total sen­
sorimotor aphasia. Can you explain this phenome­
non ?  

1 2 .  Can you explain why patients with a thrombo­
sis of the middle cerebral artery often present with 
homonymous hemianopia as well as hemiplegia 
and hemianesthesia? 

1 3. During the neurobiology course, the profes­
sor of neuroanatomy emphasized the importance 
of knowing the structure and blood supply of the 
internal capsule. He explained the arrangement of 
the ascending and descending tracts within the 
capsule and showed how they were concentrated 
into a small area between the thalamus and cau­
date nucleus medially and the lentiform nucleus lat­
erally. Clearly, an interruption of the blood supply 
to this vital area would produce widespread neu­
rological defects. What is the blood supply to the 
internal capsule ? 

14. A 36-year-old male visited his physician with 
a complaint that on three occasions during the past 
6 months he had fainted at work. During careful 
questioning, the patient stated that on each occa­
sion he had fainted while sitting at his desk and 



while interviewing office personnel; he added that 
the person being interviewed sat on a chair imme­
diately to the right of the desk. He said that prior 
to each fainting attack he felt dizzy; then he lost 
consciousness, only to recover in a few moments. 
On the previous evening he had a similar dizzy 
spell when he turned his head quickly to the right 
to talk to a friend in the street. The physician 
noted that the patient wore a stiff collar that was 
rather close-fitting. When the physician com­
mented on this, the patient stated that he always 
wore this type of collar to work. No abnormal 
physical signs were found. Using your knowledge 
of anatomy and physiology, you would make what 
diagnosis ? 

1 5 . A 45-year-old male, a company director, rose 
to give his annual after-dinner speech to the board 
when he suddenly experienced an "agonizing, 
crushing" pain over the sternum. Feeling giddy 
and weak, he fell back in his chair. A few moments 
later, he lapsed into unconsciousness. An atten­
dant at the dinner, who had received some training 
in resuscitation therapy while a member of the 
armed forces, ran forward and noted that the pa­
tient had stopped breathing. He quickly started 
mouth-to-mouth resuscitation and kept going 
until ambulance personnel arrived to cake the pa­
tient to the hospital. The physician in the intensive 
care unit at the hospital later told the patient that 
his life had been saved by the alertness and com­
petence of the attendant at the dinner. Using your 
knowledge of neurophysiology, state how long 
brain tissue can survive when there is complete 
cardiac arrest and breathing has ceased. 

16. A 62-year-old male, with a history of hyper­
tension, visited his physician because the day be­
fore he had temporarily lost the sight of his right 
eye. He explained that the sight loss was partial 
and lasted about half an hour. On close question­
ing, the patient admitted that he had had similar 
episodes of blindness in the same eye during the 
previous 6 months, but they had lasted only a few 
minutes. The patient also mentioned that there 
were days when he could not remember the names 
of people and things. He also had experienced re-
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cently severe right-sided headaches. When asked 
about his activities, he said that he could not walk 
as well as he used to and his left leg sometimes felt 
weak and numb. While performing a careful 
physical examination, the physician heard with his 
stethoscope a distinct systolic bruit over the right 
side of the neck. Given that the patient has vascu­
lar disease of the brain, which artery is likely to be 
involved in the disease process ?  What special 
clinical investigations could you perform in order 
to confirm the diagnosis? 

1 7. A 39-year-old male was admitted to the hos­
pital with a history of a sudden excruciating, gen­
eralized headache while gardening. This was fol­
lowed, 10 minutes later, by the patient's collapsing 
to the ground in a state of unconsciousness. After 
being carried indoors and placed on a settee, the 
patient regained consciousness but appeared 
confused .  He complained of a severe headache 
and a stiff neck. Physical examination revealed 
some rigidity of the neck but nothing further. A 
careful neurological examination 3 days later re­
vealed some loss of tone in the muscles of the left 
leg. Using your knowledge of anatomy, make the 
diagnosis. What is the reason for the neck rigidity? 

1 8. A 26-year-old male, on leaving a bar after a 
few drinks, stepped into the road at 1 :00 A . M .  and 
was struck by a passing car. Fortunately, the car 
was traveling slowly and struck the patient's head a 
glancing blow. One hour later, the patient was 
found by a policeman, unconscious on the 
sidewalk. Physical examination at the local hospi­
tal found that the patient had recovered con­
sciousness for a few minutes, but then he had 
quickly relapsed into an unconscious state. The 
right pupil was dilated and the muscle tone of the 
left leg was found to be less than normal. A posi­
tive Babinski sign was obtained on the left side. A 
lumbar puncture examination revealed a raised ce­
rebrospinal fluid pressure and the fluid was very 
slightly blood-stained. Examination of the scalp 
showed a severe bruise over the right temple and a 
lateral x-ray of the skull showed a fracture of the 
anterior inferior angle of the parietal bone. What 
is the diagnosis? 
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19. A 50-year-old woman visited her physician 
complaining of headaches, drowsiness, and mental 
confusion. On close ques�ioning, the patient dis­
tinctly remembered striking her head against a 
closet door when bending down 3 weeks previ­
ously . A computerized axial tomogram revealed 
the presence of a large space-occupying lesion 
over the right frontal lobe of the brain. What is the 
possible diagnosis in this case ? 

20. A 5 5-year-old man with a history of hyperten­
sion collapsed in the street while walking to work. 
He complained of a sudden severe headache. 

After 5 minutes, his face began to sag on the right 
side and his speech became slurred. On admission 
to the hospital, his right arm and leg were found to 
be weaker than the left, and the muscles were 
hypotonic. The eyes ere deviated to the left. 
Later, the right arm and leg showed complete 
paralysis and were insensitive to pinprick. A posi­
tive Babinski sign was present on the right side. 
Two hours later, the patient relapsed into a deep 
coma with bilateral dilated fixed pupils. Later, the 
respiration became deep and irregular and the pa­
tient died 6 hours later. Using your knowledge of 
neuroanatomy, make the diagnosis. 
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Answers to Clinical Problems 

Chapter 1 
1 .  Very often a physician thinks he knows what 
these terms mean but to his embarrassment he 
finds out that he has forgotten. (a) Neuron is the 
name given to a nerve cell and all its processes. (b) 
Neuroglia is the term used to describe the 
specialized supporting tissue found within the 
central nervous system. (For details, see p. 73 . )  
(c) Gray matter consists of  nerve cells and the 
proximal portions of their processes embedded in 
neuroglia. (d) White matter consists of nerve 
fibers embedded in neuroglia. It is white in color 
because of the presence of myelin around the 
nerve fibers. (For details, see p. 87 . ) (e) Cerebro­
spinal fluid is the fluid found within the ventricular 
system of the brain and spinal cord and within the 
subarachnoid space. 

2 .  The white matter of the spinal cord is divided , 
for purposes of description, into anterior, lateral, 
and posterior white columns. The posterior col­
umn lies between the entry of the posterior nerve 
roots and the midline posteriorly; the lateral col­
umn lies between the emergence of the anterior 
nerve roots and the entry of the posterior nerve 
roots. In the spinal cord there is an inner core of 
gray matter that is surrounded by an outer cover­
ing of white matter. 

3. The autonomic nervous system is distributed 
throughout the central and peripheral nervous 
systems. Historically, the tendency has been to re­
gard it as a special part of the nervous system be­
cause, anatomically, physiologically, and phar­
macologically, it has been shown to be concerned 
with the control of involuntary structures. The 
autonomic system possesses both afferent and ef­
ferent nervous pathways.  

4. Although the spinal cord is roughly cylindrical 

in shape throughout its length, in the cervical re­
gion, where it gives origin to the brachia! plexus, 
and in the lower thoracic and lumbar regions, 
where it gives origin to the lumbosacral plexus, 
there are fusiform enlargements, called the cervi­
cal and lumbar enlargements. The spinal cord ta­
pers off inferiorly into the con us medullaris. At this 
particular operation the cervical enlargement of 
the cord had been exposed. 

5 .  Carcinoma of the thyroid, breast, kidney, lung, 
and prostate commonly gives rise to metastases in 
bone. (a) The pain in the back was caused by the 
carcinoma invading and destroying the tenth 
thoracic vertebral body. (b) Compression of the 
posterior nerve root of the tenth thoracic spinal 
nerve by the carcinoma of the vertebral column 
produced the hyperesthesia and hyperalgesia over 
the right tenth intercostal space. (c) Muscular 
weakness of the legs was caused by pressure on 
the descending motor nerve fibers in the spinal 
cord by the carcinoma's invasion of the vertebral 
canal. (d) Although there is disproportionate 
growth in length of the vertebral column during 
development compared with that of the spinal 
cord, the upper cervical segments of the spinal 
cord still lie posterior to the vertebral bodies of 
the same number; however, the spinal cord in the 
adult terminates inferiorly at the level of the lower 
border of the first lumbar vertebra and , therefore, 
the first and second lumbar segments of the spinal 
cord lie at the level of the tenth thoracic vertebral 
body. 

6. This patient had a severe fracture dislocation 
between the seventh and eighth thoracic verte­
brae. The vertical arrangement of the articular pro­
cesses and the low mobility of this region because 
of the thoracic cage mean that a dislocation can 
occur in this region only if the articular processes 
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are fractured by a great force. The small circular 
vertebral canal leaves little space around the spinal 
cord, so that severe cord injuries are certain. 

7.  Each spinal nerve is formed by the union of a 
posterior sensory root and an anterior motor root 
and leaves the vertebral canal by traveling through , 
an intervertebral foramen. Each foramen is bounded 
superiorly and inferiorly by the pedicles of adja­
cent vertebrae, anteriorly by the lower part of the 
vertebral body and by the intervertebral disc, and 
posteriorly by the articular processes and the joint 
between them. In this patient the fifth thoracic 
vertebral body had collapsed and the interverte­
bral foramina on both sides had been considerably 
reduced in size, causing compression of the poste­
rior sensory roots and the spinal nerves. The con­
sequent irritation of the sensory fibers was respon­
sible for the pain. 

8. This patient had symptoms suggestive of irrita­
tion of the left sixth cervical posterior nerve root. 
The radiograph revealed narrowing of the space 
between the fifth and sixth cervical vertebral 
bodies, suggesting a herniation of the nucleus pul­
posus of the intervertebral disc at this level. 

9. The herniation occurred on the right side and 
was relatively small, hence the absence of 
radiological evidence. The pain occurred in the 
distribution of the fifth lumbar and first sacral 
segments of the spinal cord, and the posterior sen­
sory roots of these segments of the cord were 
pressed upon on the right side. 

10. In a 5-year-old child , the spinal cord termi­
nates inferiorly at about the level of the second 
lumbar vertebra (certainly no lower than the third 

needle will pass through the following anatomical 
structures before it enters the subarachnoid space: 
(a) skin, (b) superficial fascia, (c) supraspinous 
ligament, (d) interspinous ligament, (e) liga­
mentum flavum, (f) areolar tissue containing the 
internal vertebral venous plexus, (g) dura mater, 
and (h) arachnoid mater. 

1 1 . Caudal analgesia (anesthesia) is very effective 
in producing a painless labor if it is performed 
skillfully. The anesthetic solutions are introduced 
into the sacral canal through the sacral hiatus. 
Sufficient solution is given so that the nerve roots 
up as far as T l  1 and 1 2  and Ll are blocked. This 
will make the uterine contractions painless during 
the first stage of labor. If the nerve fibers of S2,  3 ,  
and 4 are also blocked, the perineum will be 
anesthetized. 

12. A blow on the side of the head may easily 
fracture the thin anterior part of the parietal bone. 
The anterior branch of the middle meningeal ar­
tery commonly enters a bony canal in this region 
and is sectioned at the time of the fracture. The 
resulting hemorrhage causes gradual accumulation 
of blood under high pressure outside the menin­
geal layer of the dura mater. The pressure is 
exerted on the under! ing brain as the blood clot 
enlarges, and the symptoms of confusion and ir­
ritability become apparent. This is followed later 
by drowsiness. Pressure on the lower end of the 
motor area of the cerebral cortex (the right pre­
central gyms) causes twitching of the facial mus­
cles and, later, twitching of the left arm muscles. 
As the blood clot progressively enlarges,  the intra­
cranial pressure rises and the patient's condition 
deteriorates. 

lumbar vertebra). With the child lying on his side 1 3. The cerebral aqueduct is the narrow channel 
and comforted by a nurse, and with the operator in the midbrain that connects the third ventricle to 
using an aseptic technique, the skin is anesthetized · . the fourth ventricle; it is filled with cerebrospinal 
in the midline just below the fourth lumbar spine. fluid. The cerebrospinal fluid produced in the lat­
The fourth lumbar spine lies on an imaginary line era! ventricles and the third ventricle is unable to 
joining the highest points on the iliac crests. The escape into the fourth ventricle if the cerebral 
lumbar puncture needle, fitted with a stylet, is aqueduct is blocked. The increased volume of ce­
then passed carefully into the vertebral canal. The rebrospinal fluid accumulated in the third and lat-



eral ventricles produces the clinical condition of 
hydrocephalus, which is accompanied by enlarge­
ment of the head. 

14. A detailed account of the various changes that 
occur in the skull in patients with an intracranial 
tumor is given on page 38 .  A patient sus­
pected of having an intracranial tumor should not 
undergo a lumbar puncture. The withdrawal of ce­
rebrospinal fluid may lead to a sudden displace­
ment of the cerebral hemisphere through the 
opening in the tentorium cerebelli into the poste­
rior cranial fossa, or herniation of the medulla 
oblongata and cerebellum through the foramen 
magnum. 

1 5 .  The brain is floating in the cerebrospinal fluid 
within the skull, so that blows to the head or sud­
den deceleration leads to displacement of the 
brain. This may produce severe cerebral damage, 
stretching or distortion of the brainstem, avulsion 
of cranial nerves, and, commonly, rupture of 
tethering cerebral veins. (For further details, see 
p. 36. )  A crash helmet helps to protect the brain 
by cushioning the blow and thus slowing up the 
brain's rate of deceleration.  

16. (a) Contrecoup injury to the brain is an injury 
to the pole of the brain opposite the site of impact, 
where the brain is thrown against the skull wall. 
(b) Subarachnoid hemorrhage-a hemorrhage into 
the subarachnoid space-results from leakage or 
rupture of a congenital aneurysm on the cerebral 
arterial circle or, less commonly, a tumor of an 
artery (angioma). (c) Subdural hemorrhage is a 
hemorrhage into the space between the meningeal 
layer of dura and the arachnoid mater. It results 
from tearing of the superior cerebral veins at their 
point of entrance into the superior sagittal sinus. 
(d) Cerebral hemorrhage is a hemorrhage into the 
substance of the brain. 

17 .  The brain and spinal cord are enclosed by the 
skull and vertebrae. The meninges, the cerebro­
spinal fluid in the subarachnoid space, and a large 
number of blood vessels and venous sinuses are 
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also contained within these bony structures. Ex­
panding intracranial lesions, because of their bulk, 
increase the intracranial pressure and compress 
the ventricular system. The ventricular circulation 
of cerebrospinal fluid will or will not be interfered 
with, depending on the site of the lesion. The 
raised intracranial pressure is initially compen­
sated for by a reduction in cerebrospinal fluid vol­
ume, as the result of an increased rate of absorp­
tion. A continued rise in intracranial pressure ul­
timately compresses the cerebral veins and venous 
sinuses, causing an accumulation of tissue fluid in 
the brain (cerebral edema) and reduced absorption 
of cerebrospinal fluid (see p. 38) .  At this point, a 
vicious circle has been established and the intra­
cranial pressure continues to rise. Arterial blood is 
continually being pumped into the rigid bony case 
from the outside, but the veins and sinuses, which 
drain the cerebrospinal fluid and blood from the 
case, are being pressed upon. 

1 8. In  the newborn the bones of the vault of the 
skull are not closely knit at sutures, as in the adult, 
but are separated by unossified membranous 
intervals calledfontanelles. The anterior and poste­
rior fontanelles are clinically the most important. 
The anterior fontanelle is bounded by the two halves 
of the frontal bone anteriorly and the two parietal 
bones posteriorly. By the age of 1 8  months it is 
very small and no longer clinically palpable. The 
posterior fontanelle is bounded by the two parietal 
bones anteriorly and the occipital bone poste­
riorly. By the end of the first year it can no longer 
be palpated .  Palpation of the fontanelles enables 
the physician to determine the state of intracranial 
pressure. For example, a bulging fontanelle indi­
cates raised intracranial pressure. 

The adult skull may be likened to an eggshell 
because it possesses a certain limited resilience, 
beyond which it splinters. A young child's skull, 
on the other hand, may be likened to a table tennis 
ball because a localized blow produces a depres­
sion without splintering. (For further details, see · 
p. 3 3 .) 

19. The cerebellum is part of the hindbrain and is 
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situated posterior to the fourth ventricle (the cav­
ity of the hindbrain) and posterior to the pons and 
medulla oblongata. A medulloblastoma is a com­
mon tumor found in children, especially in the 
cerebellum. It is a rapidly growing malignant 
tumor. The cerebellum is situated in the posterior 
cranial fossa of the skull. 

20. The surface layer of each cerebral hemisphere 
is called the cortex. The cerebral cortex is thrown 
into folds or gyri, separated by fissures or sulci. 
The larger sulci are used arbitrarily to subdivide 
the surface of each hemisphere into lobes. The 
lobes are named from the bones of the cranium 
under which they lie. The frontal lobe lies beneath 
the frontal bone of the skull and is situated an­
terior to the central sulcus and superior to the lat­
eral sulcus. 

Chapter 2 
1 .  The following are some of the pathogenic 
mechanisms that may influence the neuron and 
thus initiate mental deficiency: 

(a) Abnormal chromatin. Down's syndrome or 
mongolism is one of the most common examples 
of mental retardation. Nearly all who have Down's 
syndrome have an extra chromosome of number 
2 1 ,  making a total of 4 7 chromosomes. A few have 
a translocation of one of the parts of a 2 1  chromo­
some. A single genetic defect may result in errors 
of metabolism. A failure of development of the 
enzyme required to form the hormone thyroxin 
will result in lack of normal brain development. 
The enzymatic defect resulting in the failure of 
hydroxylation of phenylalanine to tyrosine pro­
duces phenylketonuria. The accumulation of 
phenylalanine in the body fluids causes mental re­
tardation. Galactosemia is a further example of an 
inborn error in metabolism. 

(b) Maternal and fetal infection with the rubella 
virus, fetal cytomegalovirus, and Toxoplasma gon­
dii, a protozoan infection, can all produce mental 
deficiency. 

(c) Atomic radiations and x-ray therapy of the 
gravid uterus can inhibit the normal development 
of the nervous system. 

. 

(d) Maternal ingestion of drugs such as 
thalidomide can cause fetal brain defects. 

(e) Autoimmune diseases. In Hashimoto's dis­
ease, for example, the thyroid gland fails to de­
velop adequately owing to the formation of auto­
antibodies to thyroid tissue. Athyrotic cretins 
result, with accompanying mental deficiency. 

(f) Excessive amounts of bilirubin in the blood 
(hyperbilirubinemia), associated with hemolytic 
disease of the newborn, can produce severe cere­
bral injury (kernicterus ). The mental deficiency is 
usually associated with other neurological defects, 
including cranial nerve palsies, convulsive disor­
ders, and aphasias. 

It is clear from the above list that the pediatri­
cian can treat and prevent the maldevelopment of 
neurons, and thus reduce the incidence of mental 
deficiency, by knowing what drugs the mother is 
taking, by knowing the genetic history of the fam­
ily , by making an early diagnosis of cretinism, and 
by recognizing phenylketonuria and galactosemia. 

2. The radial nerve is made up of nerve fibers de­
rived from motor, sensory, and autonomic neu­
rons. By definition. the nerve fibers, or nerve cell 
processes, are referred to as neurites. The short 
neurites are called dendrites and the long neurites 
are called axons. It is customary to refer to those 
neurites that conduct the nervous impulse toward 
the cell body as the dendrites and to those that 
conduct the impulses away from the cell body as 
the axons. However, in the case of the unipolar 
sensory neurons found in the posterior root gan­
glia, the neurite carrying nervous information to­
ward the cell body has all the structural character­
istics of an axon and is referred to as an axon. Thus 
the radial nerve, which is composed of sensory and 
motor fibers, is made up of axons. 

3. The nucleolus in any cell is concerned with the 
synthesis of ribonucleic acid (RNA). The large 
size is probably related to the very large volume of 
cytoplasm possessed by certain neurons. For 
example, the axons of the motor nerve cells that 
supply the muscles of the sole of the foot are 
situated in the lumbar and sacral regions of the 



spinal cord ; thus the axons may measure as much 
as 4 feet long. 

4. (a) It is a general rule that all reparative 
phenomena throughout the body occur more 
readily in the young than in the old . (b) As the 
distal end of a peripheral nerve is approached, 
fewer branches remain and thus there are fewer 
structures yet to innervate; consequently, there 
are fewer possibilities of nerve fibers innervating 
the wrong structure during the process of regen­
eration. Moreover, the more distal the injury the 
less the metabolism of the proximal nerve cell 
body is affected by the injury. (c) This is a physio­
logical fact. A very severe nerve injury close to its 
nerve cell body may result in the death of the en­
tire neuron. (d) The physiology of sensory neu­
rons is more susceptible to change by retrograde 
phenomena than that of motor neurons. 

5. If the wound is not infected, the best time to 
perform a nerve suture is about 3 weeks after the 
injury. Satisfactory results have been obtained 
after a delay of as much as 14 months , provided 
that paralyzed muscles have not been over­
stretched and joint adhesions have been avoided 
by passive movements of the j oints. In other 
words, the neuron still retains the ability to regen­
erate its processes even after 14 months, but the 
degree of recovery of function will depend a great 
deal on the care that the denervated structures 
have received in the intervening time. 

6. Golgi type I neurons have long axons that form 
the long fiber tracts of the brain and spinal cord 
and form the nerve fibers of peripheral nerves. 
Golgi type II neurons have short axons that termi­
nate in the neighborhood of the cell body or are 
entirely absent. There are many more type II neu­
rons in the nervous system than type I .  

7 .  (a) Niss! substance i s  composed of  vesicles, 
tubules, or stacks of flat cisternae. Associated with 
the vesicles are dense granules measuring 100 to 
300 A in diameter and containing ribonucleopro­
tein. The Niss! substance is responsible for syn-

4 7 5  

thesizing protein. (b) Golgi apparatus i s  composed 
of clusters of flattened cisternae and vesicles made 
up of smooth-surfaced endoplasmic reticulum. It 
is thought to serve as an intracellular storage area, 
and to be active in lysosome production. It may 
also be involved in the synthesis of cell mem­
branes. (c) Lysosomes are dense spherical bodies 
that are membrane-bound, measuring about 0 .25  
to 2µ, in  diameter. They contain acid phosphatase 
and other hydrolytic enzymes. They serve as in­
tracellular scavengers. (d) Membranous vesicles 
do not come under the above heading. Some con­
tain engulfed substances that move through the 
cytoplasm until they fuse with a lysosome. Such 
vesicles are often termed phagosomes. 

8. In 1949, Barr and Bertram noticed the pres­
ence of a small, stainable body of chromatin (Barr 
body) situated at the inner surface of the nuclear 
envelope in the female that could not be seen in 
cells of the male. The presence or absence of the 
Barr body enables one to readily determine the 
sex of the individual from whom the tissue was 
removed .  

9.  With the electron microscope i t  is possible to 
resolve within the cytoplasm of a neuron small 
tubules that measure about 200 to 300 A in 
diameter; they extend throughout the cell body 
and its processes. Some researchers have shown 
that wavelike movements occur along the mi­
crotubules and it is possible that these structures 
are responsible for axoplasmic flow. 

10. The central nervous system is made up of the 
following tissues: (a) neurons, (b) neuroglia, (c) 
blood vessels, and (d) meninges. The peripheral 
nervous system is composed of the following tis­
sues: (a) neurons, (b) Schwann cells, (c) connective 
tissue, and (d) blood vessels. 

1 1 . The plasma membrane is composed of lipid 
and protein molecules and has a coat of glycopro­
tein on its outer surface. When a neuron is ex­
cited, the permeability of the plasma membrane to 
Na+ ions is increased and these diffuse from the 
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tissue fluid into the neuron cytoplasm. Local anal­
gesics act as membrane stabilizers and inhibit the 
increase in permeability to Na+ ions in response to 
stimulation. It  is not exactly understood how this 
stabilization is brought about. One theory is that 
the analgesic agent becomes attached to receptor 
sites on the protein layer of the plasma membrane, 
reducing the permeability to Na+ ions and pre­
venting depolarization from taking place. Small­
diameter nerve fibers are more readily blocked 
than large fibers, and nonmyelinated more read­
ily blocked than myelinated. For these reasons, 
nerve fibers that conduct pain and tempera­
ture are most easily blocked and the large motor 
fibers are the least easily blocked . The small au­
tonomic nerve fibers are blocked early and ac­
count for the rapid appearance of vasodilatation. 

12 .  (a) Synapse is the name given to the site where 
two neurons come into close proximity and where 
functional interneuronal communication occurs. 
(b) Synaptic spines are extensions of the surface of 
a neuron and form receptive sites for synaptic 
contact with afferent boutons. (c) Synaptic cleft is 
the name given to the space that exists between 
the presynaptic and postsynaptic membrane at a 
synapse. I t  measures about 200 A wide. (d) Pre­
synaptic vesicles are small membrane-bound 
structures situated in the neuronal cytoplasm close 
to the presynaptic membrane. They are believed 
to store and be involved in the release of neuro­
transmitter substances. (e) Acetylcholine, norepi­
nephrine, epinephrine, and dopamine are exam­
ples of important neurotransmitter substances 
at synapses. 

1 3 .  (a) Tetraethylammonium salts and (b) hex­
amethonium salts. These salts closely resemble 
acetylcholine in structure and compete with 
acetylcholine at the postsynaptic membrane. By 
this means they successfully block a ganglion, al­
though the amount of acetylcholine released is un­
affected. 

14. (a) Acetylcholine, (b) norepinephrine, and (c) 
dopamine. 

1 5. The neuroblastoma is a tumor of primitive 
neuroblasts and arises either in the suprarenal 
medulla or upper abdominal sympathetic ganglia. 
It is very malignant and is confined to children.  
The tumor metastasizes early and the metastasis 
may be the reason the child receives medical at­
tention, as in this case. The bones of the orbit are a 
common site for a neuroblastoma to metastasize. 

Chapter 3 
1 .  Neuroglia comprises about half the total vol­
ume of the central nervous system. Neuroglial 
cells outnumber neurons by 5 to 10 times. 

2. Macroglia is the term commonly used to col­
lectively name astrocytes and oligodendrocytes. 
Microglial cells are smaller than astrocytes and 
oligodendrocytes. They are scattered throughout 
the central nervous system and closely resemble 
connective tissue macrophages in function. 
Neuroglia consists of several varieties of nonexcit­
able cells found within the central nervous system. 
Neuroglial cells, which serve to support the neu­
rons, are of four main types: ( 1 )  astrocytes, (2)  
oligodendrocytes, (3 )  microglia, and ( 4) epen­
dyma. 

3.  The different functions of neuroglia are fully 
discussed on page 73 .  Researchers increasingly 
feel that neuroglial cells probably play a far greater 
role in the function of the central nervous system 
than has been determined so far. 

4 .  The reaction of tissue of the central nervous 
system to miury is characterized by the 
hyperplasia and hypertrophy of the astrocytes. 
The proliferation of the astrocytes is often re­
ferred to as astrocytosis or gliosis. The degree of 
gliosis is much greater in the presence of residual 
damaged brain tissue than with a clean surgical in­
cision. The resulting scar tissue, so-called gliotic 
scar, in the case of a penetrating gunshot wound, 
may be extensive and may give rise to focal or 
generalized epileptic attacks. The majority of such 
patients who become epileptic do so within two 
years (Miller and Stern, 1965) .  After careful ex­
amination of these patients, including the perfor-



mance of radiography, encephalography, and 
electroencephalography, the trauma site should be 
explored with a view to removing the gliotic scar. 
Such a scar will be replaced by a much smaller sur­
gical scar. This operative intervention cures many 
of these patients. 

5. A hisrory of severe headaches and nausea and 
the finding of a choked optic disc (swelling of the 
optic disc, congestion of the retinal veins, and 
retinal hemorrhages) are not always diagnostic 
of a brain tumor. However, the finding of weak­
ness of the lateral rectus muscle of the right eye 
owing tO compression of the right sixth cranial 
nerve against the Boor of the skull, rogether with 
the positive radiological and other laborarory 
tests, made the diagnosis certain. The glioma 
(tumor of neuroglia) is the most common type of 
tumor found in such a patient. Unfortunately, 
gliomas tend ro infiltrate the brain tissue and can­
not be completely removed surgically. A biopsy is 
taken to establish the diagnosis, as much of the 
tumor is removed as is clinically feasible, and the 
area is treated by deep x-ray therapy postopera­
tively. 

Chapter 4 
1 .  The median nerve is a mixed peripheral nerve 
and contains motor, sensory, and autonomic nerve 
fibers. The nerve fibers are axons of nerve cells 
and the majority are myelinated. The nerve fibers 
are arranged in parallel bundles and each fiber is 
supported by delicate connective tissue called en­
doneurium. Bundles of nerve fibers are surrounded 
by a connective tissue sheath called the perineu­
rium. Several bundles are surrounded by a dense 
connective tissue sheath called the epineurium. 

2. Nervous tracts are bundles of nerve fibers 
found in the brain and spinal cord and the majority 
are myelinated. Some of the main structural dif­
ferences between a nervous tract and a peripheral 
nerve fiber are as follows: 

Nervous Tract 
oligodendrocyte 
mesaxon absent in mature fibers 

Schmidt-Lanterman incisures present 
nerve fibers supported by neuroglia 

Peripheral Nerve Fiber 
Schwann cell 
mesaxon present in mature fibers 
Schmidt-Lanterman incisures present 
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nerve fibers supported by connective tissue 
sheaths, endoneurium, perineurium, and 
epineurium 

3. (a) The myelin sheath is not part of a neuron; it 
is formed by a supporting cell, the oligodendro­
cyte in the central nervous system, and the 
Schwann cell in the peripheral nervous system. 
The myelin sheath serves as an insularor and sepa­
rates the axolemma from the surrounding tissue 
fluid; it thus plays an important role in nerve con­
duction (see p. 99). The sheath is formed from 
the plasma membrane of the supporting cell 
(oligodendrocyte or Schwann cell) and consists of 
a series of laminae of lipoprotein. (For further de­
tails, see p. 87 .) (b) The node of Ranvier is the 
gap that exists between two ad jacent Schwann 
cells (or oligodendrocytes, in the central nervous 
system) in a myelinated nerve; nodes of Ranvier 
do not exist in a nonmyelinated nerve. A myeli­
nated nerve can be stimulated only at a node of 
Ranvier. (c) Schmidt-Lanterman incisures are seen 
on longitudinal sections of myelinated nerve 
fibers. They represent areas of localized persis­
tence of Schwann cell cytoplasm. They involve all 
the layers of the myelin and there is thus a con­
tinuous spiral of cytoplasm from the outermost 
region of the Schwann cell to the region of the 
axon. It may serve as a pathway for the conduction 
of metabolites from the surface region of the 
Schwann cell to the axon. Schmidt-Lanterman inci­
sures also occur in myelinated nerve fibers of the 
central nervous system. (d) Satellite cells in sen­
sory and autonomic ganglia envelop the neuron 
cell bodies. They should be regarded as modified 
Schwann cells and probably serve to insulate the 
neurons from ad jacent nervous activity. 

4. Myelination is fully described on page 87 .  
Myelin sheaths begin to  be  formed during the last 
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part of fetal development and during the first year 
· posrnatally. 

5. In the central nervous system a single 
oligodendrocyte may be responsible for the for­
mation of myelin for as many as 60 nerve fibers. 
Clearly, it would not be possible for an oligoden­
drocyte to rotate on each axon as did the Schwann 
cell in the peripheral nervous system. It is be­
lieved that in the central nervous system the 
mesaxon grows in length and wraps itself around 
the axon. 

6. (a) The smaller axons in the central nervous 
system, (b) postganglionic axons of the autonomic 
part of the nervous system, and (c) fine sensory 
pain fibers. 

7. Peripheral nerve fibers may be classified into 
groups according to their size and speed of con­
duction. Group or type A fibers are 1 to 22 µ, in 
diameter and they conduct at the rate of 5 to 120 
meters per second. They are myelinated somatic 
efferent and afferent fibers. Group or type B 
fibers are 1 to 3 µ, in diameter and they conduct at 
3 to 1 5  meters per second . They are myelinated, 
efferent, preganglionic, autonomic fibers. 

The resting membrane potential is the potential 
difference across the axolemma when a nerve fiber 
is at rest. A typical resting potential is 80 m V. 

The absolute refractory period is the short pe­
riod of time that immediately follows the passage 
of a nerve impulse when a second stimulus, how­
ever strong, is unable to excite the nerve. 

Conduction velocity and saltatory conduction 
are fully explained on page 102 .  

8. (a) The microscopic changes that occur in the 
proximal and distal segments of a divided periph­
eral nerve are fully described on page 103 .  Re­
member that in the proximal segment the changes 
occur only as far proximally as the next node of 
Ranvier, whereas the changes spread distally from 
the site of the lesion and include its terminations. 
(b) If one bears in mind the considerations out­
lined on pages 106- 1 10 and that the surgeon has 

the experience to perform nerve suture, the fol­
lowing treatment should be instituted. If the knife 
was clean the nerve should be immediately su­
tured and any arterial damage repaired .  On the 
other hand, if the knife was contaminated or the 
wound was more than 6 hours old, the wound 
should be treated and the nerve ignored. In the 
latter case, when the wound has healed and there 
is no sign of residual infection the nerve ends 
should be explored and sutured together without 
tension. In either case, the paralyzed muscles are 
protected with a suitable splint and the joints are 
gently exercised daily. (c) Once the regenerating 
axons have entered the distal segment, the nerve 
distal to the section becomes very sensitive to me­
chanical stimulation (Tinel's sign). (d) Sensory re­
covery occurs first. Deep pressure sensation is the 
first sign of recovery. This is followed by the re­
turn of superficial cutaneous pain and vasomotor 
control of blood vessels, later the sensations of 
heat and cold return, and later still light touch and 
tactile discrimination reappear. Sensory recovery 
occurs before there is return of voluntary move­
ment. (e) For clinical purposes a figure of 1 . 5  mm 
daily is the average rate of regeneration. It is pos­
sible, using this figure, to determine approxi­
mately how long it will take for a regenerating 
nerve to reach its end organs. 

9. (a) Wallerian degeneration is the term used to 
describe the changes that occur in the distal seg­
ment of an axon following its section. The details 
are fully described on page 1 03 .  (b) The band fiber 
is the endoneurial sheath and the contained cords 
of Schwann cells that replace the degenerated pe­
ripheral nerve following nerve section. The band 
fiber will serve to guide regenerating axons to 
their end organs. A band fiber is not formed in the 
central nervous system. (c) Transneuronal degen­
eration occurs in the central nervous system when 
one group of neurons is injured and a second 
group, farther along the pathway and serving the 
same function, undergoes degeneration. 

10. Bell's palsy is caused by an inflammatory 
swelling of the seventh cranial nerve (facial nerve) 



m the facial nerve canal of the skull. Since the 
canal is bony, the nerve cannot expand and con­
sequently becomes compressed and ischemic. In 
severe cases the muscles of facial expression are 
paralyzed on one side of the face and there is loss 
of taste sensation in the anterior part of the rongue 
on the same side. Apart from giving steroids ro 
reduce the inflammatory reaction and massage of 
the paralyzed muscles, no further treatment is 
necessary. The majority recover completely. 
There existed in this patient a serious residual 
palsy after 3 years. A treatment that has been suc­
cessful in many cases is to section the hypoglossal 
nerve below and behind the angle of the mandible 
and the anasromosis of its proximal end ro the 
distal end of the facial nerve. Although the right 
half of the rongue would be paralyzed, this causes 
little disability. A reasonable return of facial 
movement can be expected.  Note that both the 
hypoglossal and facial nerves are peripheral nerves 
and therefore regeneration is possible. The prog­
nosis is especially good since the hypoglossal 
nerve is purely a motor nerve. 

1 1 . Lead causes neuronal degeneration in the 
central nervous system and demyelination in the 
tracts of the spinal cord and peripheral nerves. 
The treatment is to remove the child from the 
source of the lead and to aid rapid excretion by 
administering a chelating agent, calcium disodium 
versenate. Nontoxic lead versenate is excreted in 
the urine. 

1 2 .  The cauda equina consists of the anterior and 
posterior roots of the spinal nerves below the level 
of the first lumbar segment of the spinal cord. 
These are peripheral nerves with endoneurial 
sheaths and Schwann cells and therefore regener­
ation will take place if adequate treatment is 
promptly instituted. 

1 3. As the result of experiments in which dyes 
have been injected into peripheral nerves, spaces 
have been demonstrated between individual nerve 
fibers in the endoneurium. These spaces are be-

479 

lieved to provide the route for the ascent of the 
tetanus toxin to the spinal cord . 

14. A benign fibroma or a malignant sarcoma may 
arise in the connective tissue of the endoneurium, 
perineurium, or epineurium. Neurolemmomas 
are thought to arise from Schwann cells .  

1 5 . Xylocaine is a local anesthetic that, when 
applied to a nerve fiber, blocks nerve conduction. 
The anesthetic acts on the axolemma and inter­
feres with the transient increase in permeability of 
the axolemma to Na+ ions and in the resting axon 
reduces the permeability of the axolemma to Na+ , 
K+, and other ions. The small diameter pain fibers 
are more susceptible ro the action of this drug. 

16. Neuropraxia is the term applied to a transient 
nerve block. Pressure is the most common cause 
and this case was due to the pressure of the upper 
edge of the chair back on the brachia! plexus in the 
axilla. The loss of function is probably caused by 
ischemia of the nerve fibers. There is no micro­
scopic evidence of degeneration. Axonotmesis is 
the term applied ro a nerve lesion where the axons 
are damaged but the surrounding connective tis­
sue sheaths remain intact. Neurotmesis is the term 
applied to complete section of the nerve trunk. 

The prognosis in this patient is excellent for 
rapid, complete recovery. It is important that the 
paralyzed muscles not be stretched by antagonist 
muscles or by gravity . Therefore, suitable splints 
should be applied and gentle passive movement of 
the joints should be performed once daily. 

1 7. Degeneration occurs in the central nervous 
system in a manner similar to that found in the 
peripheral nervous system. The axon breaks up 
into small fragments and the debris is digested by 
the neighboring microglial cells. The myelin 
sheath is broken down into lipid droplets, which 
are also phagocyrosed by the microglial cells. 

There is an attempt at regeneration of the axons 
as evidenced by sprouting of the axons, but there 
is no evidence that resroration of function ever oc-
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curs. The reasons for the failure of regeneration 
are fully described on page 105 .  

Chapter 5 
1 .  Syringomyelia is a chronic disease of the spinal 
cord of unknown etiology. It is characterized by 
the appearance of a fluid-filled cavity within the 
spinal cord that gradually enlarges, causing de­
struction of surrounding nervous tissue. In this 
patient, the cavity or syrinx was located in the 
lower cervical and upper thoracic segments of the 
cord, causing destruction of the ascending tracts 
that serve pain and temperature from the upper 
limbs. The syrinx was encroaching on the motor 
anterior horn cells of both sides also, causing 
weakness of the small muscles of the hands. 

Although the exact anatomical structures that 
are responsible for the reception of pain and tem­
perature are not known, the free nerve endings 
are the most likely . Some authorities believe that 
Krause's corpuscles may also be sensitive to 
changes in temperature. The examination of a pa­
tient to test different sensory modalities is dis­
cussed on page 1 32 .  

2 .  The only sensory receptors present in the 
cornea are free nerve endings. The cornea is sen­
sitive to light touch and temperature changes in 
addition to pain. 

3. The Pacinian corpuscles are the largest sensory 
receptors (excluding the eye and the ear). They 
measure up to 4 . 5  mm long and 1 to 2 mm wide. 

4. Touch, including pressure, heat, cold , and pain, 
are the four modalities of cutaneous sensation.  
The fact that the distribution of these sensitive 
areas is punctate caused the older anatomists to 
search for specific receptors. Many researchers, 
having elicited a particular sensation in a skin area, 
excised the skin and examined it microscopically. 
None · of the workers were able with certainty to 
label cold endings, touch endings, and pain end­
ings. In fact, in the cornea the only endings to be 
found are free nerve endings, and yet we know 
that the cornea is sensitive to pain, light, touch, 

and temperature changes. With our present 
knowledge, we believe that sensory reception is 
not dependent upon specific histological struc­
tures, but rather on the delivery to the brain of 
large numbers of sensory impulses in a particular 
pattern. 

5 .  All hair follicles possess a rich innervation. 
Free nerve endings are found as a branching net­
work that winds around the follicle below the en­
trance of the sebaceous duct. Merkel's discs also 
are found in the epidermis of the follicle. The hair 
shaft acts as a lever, so that the slightest movement 
of the hair readily stimulates the nerve endings in 
the hair follicle. In this patient, who was suffering 
from trigeminal neuralgia, the temporal region of 
the scalp was the trigger area, which on stimula­
tion initiated the inte se stabs of pain in the dis­
tribution of the maxillary division of the trigemi­
nal nerve. 

6. Numerous free nerve endings are found in the 
connective tissue of tendons and the testes. Nor­
mally, squeezing of these structures elicits an 
aching type of pain. Io tabes dorsalis the disease 
process affects the sensory neurons in the poste­
rior roots of the spinal nerves and not the receptor 
endings. 

7. The intrafusal fibers are stretched when the 
entire muscle is stretched. The annulospiral and 
the flower spray endings are stimulated, and im­
pulses reach the spinal cord through afferent neu­
rons. The large alpha motor neurons situated in 
the anterior gray horns of the spinal cord are 
stimulated and nerve impulses reach the extrafusal 
fibers, which form the main muscle mass, and the 
muscle contracts. 

Thus it is seen that the intrafusal fibers play an 
important role in the control of skeletal muscle 
activity. There are two types of intrafusal fibers : 
(a) nuclear bag fibers, which are associated with 
position and velocity of contraction, and (b) nu­
clear chain fibers, which are concerned with static, 
slow contractions. Nerve impulses traveling in the 
gamma efferent motor fibers reach the intrafusal 



fibers. They cause the polar regions of the in­
trafusal fibers to contract, thus stretching the 
equatorial region. If the stretching process is 
sufficiently great, the annulospiral and flower 
spray endings will be stimulated. This mechanism 
allows the extrapyramidal motor system (see p. 
124) to influence voluntary muscle activity. 

8. Within all tendons of skeletal muscle there are 
neurotendinous spindles. Each spindle consists of 
a fibrous capsule and intrafusal tendon fibers. (See 
p. 1 24 . )  Club-shaped nerve endings are situated 
between the intrafusal fibers. Stretching of the 
tendon results in deformation and consequent 
stimulation of the nerve endings and afferent 
nerve impulses pass up the femoral nerve to enter 
the spinal cord at the level of 12 , 3 ,  and 4. 

9. (a) Annulospiral endings that are associated 
with the intrafusal muscle fibers of neuromuscular 
spindles in skeletal muscle; these are sensitive to 
stretch. (b) Flower spray endings that are asso­
ciated with intrafusal muscle fibers of neuromus­
cular spindles in skeletal muscle; these are also 
probably sensitive to stretch. (c) Neurotendinous 
spindles with club-shaped nerve endings; these are 
sensitive to stretch. (d) Free nerve endings found 
in the connective tissue of muscle; these are prob­
ably sensitive to pain. 

10. (a) A motor unit consists of a single motor 
neuron and the group of muscle fibers that it 
supplies. (b) A neurovascular hilus is in a more or 
less constant position and is where the nerve sup­
ply and blood supply enter a skeletal muscle. (c) A 
sole plate is a slightly elevated site on a skeletal 
muscle fiber at the neuromuscular junction; it 
constitutes the muscular element of the junction. 
The elevation is due to the local accumulation of 
granular sarcoplasm beneath the sarcolemma and 
the presence of numerous nuclei and mitochon­
dria. (d) The junctional folds of a neuromuscular 
junction are folds of sarcolemma in the floor of the 
surface groove in which lies the naked axon of the 
motor nerve; they serve to increase the surface 
area of the sarcolemma that lies close to the axon. 

4 8 1  

(e) The synaptic cleft of  a neuromuscular junction 
is the space that is situated between the plasma 
membrane of the axon (axolemma) and the plasma 
membrane of the muscle fiber (sarcolemma); 1t 
measures about 200 to 500 A wide. 

1 1 . To test position sense, the patient is placed in 
the supine position and asked to close his eyes. 
The big toe is grasped at the sides between the 
thumb and index finger and extended and flexed. 
The patient is asked , on completion of each 
movement, the position of the toe - is it pointing 
up or down? Another simple test is to ask the pa­
tient, again with the eyes closed, to place his right 
heel on his left shin and run it down the shin to the 
dorsum of the left foot. The patient is then asked 
to repeat the performance with the left heel on the 
right shin. 

Vibratory sense may be tested by placing the 
handle of a vibrating tuning fork on the tibial 
tuberosity, the anterior border of the tibia, and the 
medial or lateral malleoli. The patient is asked to 
indicate when he first feels the vibration and when 
it ceases. Symmetrical points on the two limbs may 
be compared and the physician can use his own 
limbs as a control. In the normal individual the 
sense of position depends on the central nervous 
system's receiving adequate information from the 
pressure receptors (Pacinian corpuscles) in the 
joint capsules and ligaments; touch receptors (free 
nerve endings) in the tissues in and around joints; 
and the stretch receptors in the muscles and ten­
dons (especially the neurotendinous spindles). 

Vibration sense is normally believed to be due 
to the stimulation of superficial and deep pressure 
receptors (Pacinian corpuscles). 

The appreciation of the passive movements of 
joints, postural sensibility, and vibration sense are 
often lost in tabes dorsalis due to syphilitic de­
struction of the posterior columns of the spinal 
cord and degeneration of the posterior roots. 

1 2 .  D-tubocurarine, dimethyl tubocurarine, gal­
lamine, and benzoquinonium are examples of 
competitive blocking agents. These drugs com­
pete with the neurotransmitter acetylcholine. The 
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competi tive blocking agents are believed ro com­
bine with the same sites at the postjunctional 
membrane (sarcolemma) of the motor end-plate 
normally used by acetylcholine. 

13 .  Decamethonium and succinylcholine paralyze 
skeletal muscle by causing depolarization of the 
moror end-plate. 

14. C. botufinum produces a toxin that inhibits the· 
release of acetylcholine at the motor end-plate. 
Death results from paralysis of the respirarory 
muscles. 

1 5 .  Skeletal muscles that are not used, for exam­
ple in a limb fitted with a plaster cast immobilizing 
a fracture, undergo disuse atrophy. The longer the 
muscles are not used, the greater the degree of 
atrophy, and in severe cases, it may amount to as 
much as a quarter of the muscle mass. The muscle 
fibers rapidly atrophy following section of a motor 
nerve, so that the total mass of the muscle may be 
reduced by as much as three-quarters in as little as 
3 months. The precise reason for this severe at­
rophy is not understood, but apparently the 
maintenance of normal muscle depends on the 
continued reception of acetylcholine at the post­
junctional membrane at the neuromuscular junc­
tion. The latter mechanism would , of course, be 
impossible if the motor nerve were sectioned and 
the distal end had degenerated .  

16. This patient is suffering from myasthenia 
gravis . The insidious onset of muscle fatigue, with 
early involvement of the extraocular muscles, the 
facial muscles, then the pharyngeal and palatal 
muscles, with acerbations and remissions is char­
ac.teristic. The intramuscular injection of an anti­
cholinesterase drug, such as neostigmine, results 
in prompt relief of the muscular weakness. The 
possible causes of myasthenia gravis are fully dis­
cussed on page 134.  

17.  The smooth muscle of the bladder wall (the 
detrusor muscle) receives its innervation from the 
postganglionic parasympathetic fibers of the pelvic 

plexus. Each nerve fiber branches extensively, so 
that a single neuron exerts control over a large 
number of muscle fibers. The nerve fibers are 
nonmyelinated and terminate as varicosed 
branches. An interval of 1 00 A to 1 000 A may 
exist between the axon and the muscle fiber. The 
Schwann cell is retracted so that the axon lies 
within a shallow groove on its surface. Thus part of 
the axon is naked, permitting the free diffusion of 
acetylcholine from the axon to the muscle cell. 
Acetylcholine is the neurotransmitter that brings 
about depolarization of the smooth muscle fiber 
and its contraction. Because acetylcholine is 
rapidly destroyed by the cholinesterases, it cannot 
be used clinically to bring about contraction of the 
detrusor muscle. Methylcholine chloride and car­
bechol chloride are le s susceptible to destruction 
by the cholinesterases and could therefore be used 
in clinical practice. 

Chapter 6 
1 .  Your knowledge of the dermatomes of the 
lower limb will enable you to ascertain that the 
patient's pain was felt in the area of distribution of 
the fifth lumbar and first sacral nerve roots. The 
involvement of these roots is usually due to herni­
ation of the fourth or fifth lumbar intervertebral 
disc. 

2. Herpes zoster is a viral infection of the poste­
rior root ganglia (or sensory ganglia of the cranial 
nerves), the posterior root, or the posterior gray 
horn of the spinal cord. This patient experienced 
pain and had a skin eruption in the area of dis­
tribution of the fifth left intercostal nerve. The 
virus was producing an acute inflammation at some 
point along the course of the sensory neurons of 
the fifth segment of the spinal cord on the left 
side. 

3. The trigeminal (fifth cranial ) nerve innervates 
the skin of the greater part of the face. The next 
dermatome that occurs inferior to this is that of 
the second cervical nerve. The sixth to the twelfth 
cranial nerves do not innervate the skin of the 
face. At the junction f the neck with the thorax, 



the fourth cervical dermatome is contiguous with 
the second thoracic dermatome; the anterior rami 
of the lower cervical and first thoracic spinal 
nerves have lost their cutaneous distribution on 
the neck and trunk during the development of the 
upper limb. 

4. (a) The physical examination revealed weak­
ness of the rhomboid, deltoid, and biceps brachii 
muscles, which am innervated by the fifth and 
sixth cervical segments of the spinal cord . These 
spinal cord segments lie within the vertebral 
foramina of the sixth and seventh cervical verte­
brae, respectively. (b) The fifth and sixth cervical 
segments of the spinal cord are being pressed 
upon. (c) The biceps brachii reflex arc involves the 
fifth and sixth segments of the spinal cord. (d) The 
rhomboids and deltoid muscles showed di­
minished muscle tone because the reflex arcs upon 
which their tone depends travel through the com­
pressed segments of the spinal cord, i .e . ,  the 
reflex arcs were no longer functioning normally. 
Because of the pressure of the tumor on the cervi­
cal region of the spinal cord , the nervous pathways 
passing down to lower segments of the spinal cord 
were interrupted. This resulted in the motor an­
terior gray column cells of the segments of the 
cord below the level of compression receiving di­
minished information from the higher centers, 
with a consequent increase in muscle tone. 

5 .  Any disease process that can interrupt the 
normal functioning of the basic spinal reflex arc 
upon which skeletal muscle tone is dependent will 
cause loss of muscle tone. Some examples are: 
spinal shock following trauma to the spinal cord; 
section of or pressure upon a spinal nerve, a poste­
rior root, or an anterior root; syringomyelia; and 
poliomyelitis. 

6. Tabes dorsalis, which is a syphilitic infection of 
the brain and spinal cord, produces degeneration 
of the central processes of the posterior root gan­
glion cells and also, usually, the ganglion cells 
themselves. The lower thoracic and lumbar sacral 
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segments of the cord are involved first, and the 
interruption of the proprioceptive fibers results in 
impairment of appreciation of posture, and the 
tendency to fall down if one closes the eyes while 
standing. 

7. In a normal individual standing and walking are 
largely automatic but, as you have read in this 
chapter, these activities are highly complex and 
require the proper integration of neural mecha­
nisms at all levels of the spinal cord and brain. The 
basic mechanism underlying muscle tone is the 
spinal segmental reflex. In order to maintain nor­
mal posture, these reflex arcs must receive ade­
quate nervous input from higher levels of the ner­
vous system. Diseases involving the corpus 
striatum (caudate and lentiform nuclei) or the sub­
stantia nigra result in an alteration in the pattern of 
nervous impulses impinging on the anterior horn 
cells of the spinal cord ; hence the abnormal mus­
cle tone. The increased tone is equal in extent in 
opposing muscle groups. The tremor of the par­
kinsonian syndrome is produced by the alternating 
movements of the agonist and antagonist muscles 
of a joint. The tremor is most prominent when the 
limb is at rest, ceases temporarily when voluntary 
movement is performed, and then starts again 
when the movement is completed. The tremor 
ceases when the patient is asleep. The exact cause 
of the tremor is unknown, but some authorities 
believe that it is due to the release of the activity 
of the lentiform nucleus (globus pallidus) as the 
result of interruption of its inhibitory connections. 
Surgical damage to the globus pallidus or its con­
nections, in these patients, can reduce the tremor 
and muscle rigidity. ( �;-
8. The syndrome of petit ma! commonly has three 
sets of symptoms: (a) myoclonic jerks, in which 
the patient experiences sudden involuntary con­
traction of the muscles of the trunk and ex­
tremities, (b) akinetic seizures, in which there is a 
sudden loss of tone in all muscles of the body, and 
(c) brief losses of consciousness, in which the pa­
tient loses contact with his environment for a few 
seconds. 
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9. Destruction of the anterior gray column cells in 
the lumbar and sacral regions of the spinal cord 
resulted in paralysis and atrophy of the muscles of 
both legs. The twitching of groups of muscle fibers 
is referred to as muscular fasciculation and is 
commonly seen in patients with chronic disease 
affecting the anterior horn cells. 

10. (a) Muscular hypotonia is present on the same 
side of the body as the lesion. Passively move the 
joints on the right side of the body and then on 
the left side and compare the resistance to these 
movements by the muscles on the two sides of the 
body. (b) Posture. The shoulder girdle on the af­
fected side drops, because of loss of muscle tone. 
With the patient disrobed ask him to stand up 
straight with his back toward you. With a unilat­
eral cerebellar lesion the shoulder on the affected 
side may be lower than that on the opposite, nor­
mal side. (c) Disorders of voluntary movement 
(ataxia) due ro loss of muscle coordination. The 
finger-nose test and the heel-knee test are de­
scribed on page 147 .  These tests will reveal ataxia 
on the side of the body in which the lesion is 
situated .  (d) Nystagmus. This may be defined as an 
involuntary to-and-fro movement of the eyes. It is 
commonly demonstrated in cerebellar disease and 
is due to lack of muscle coordination. When the 
eyes are turned horizontally laterally there are 
quick, rhythmic jerks in the direction of gaze. In 
unilateral cerebellar lesions, the amplitude of 
nystagmus is greater and its rate slower when the 
eyes are rotated toward the side of the lesion than 
when they are displaced to the opposite side. 

Chapter 7 
1 .  This patient was suffering from cervical spon­
dylosis with pressure on the anterior and posterior 
roots of the fifth and sixth spinal nerves. As the 
result of repeated trauma and of aging, degenera­
tive changes occurred at the articulating surfaces 
of the fourth, fifth, and sixth cervical vertebrae. 
Extensive spur formation, owing to new bone 
growth, resulted in narrowing of the intervertebral 
foramina with pressure on the nerve roots. The 
burning pain, hyperesthesia, and partial analgesia 

were due to pressure on the poste_rior roots, and 
the weakness, wasting, and fasciculation of the del­
toid and biceps brachii muscles were due to pres­
sure on the anterior roots. Movements of the neck 
presumably intensified the symptoms by exerting 
further traction or pressure on the nerve roots. 
Coughing or sneezing raised the pressure within 
the vertebral canal and resulted in further pressure 
on the nerve roots. 

2.  The patient was operated on and a laminec­
tomy of the third , fourth, and fifth thoracic verte­
brae was carried out. At the level of the fourth 
thoracic vertebra a small swelling was seen on the 
posterior surface of the spinal cord ; it was attached 
to the dura mater. Histological examination 
showed that it was a meningioma. The tumor was 
easily removed and the patient successfully recov­
ered from the operation. There was a progressive 
recovery in the power of the lower limbs, and the 
patient is now walking without a stick. This patient 
emphasizes the importance of making an early, ac­
curate diagnosis, because benign extramedullary 
spinal tumors are readily treatable. The lateral 
spinal thalamic tracts are responsible for the con­
duction of pain impulses up the spinal cord . These 
tracts are situated in the lateral white columns of 
the spinal cord (see p. 1 5  7). Postural sense and 
vibration sense are conducted up the spinal cord in 
the posterior white column through the fasciculus 
cunearus from the upper limbs and the upper part 
of the thorax, and in the fasciculus gracilis from 
the lower part of the trunk and the leg. The 
difficulty in walking was due to pressure on the 
corticospinal tracts in the lateral white column. 
The exaggeration in the tendon reflexes of the 
lower limbs and the bilateral extensor plantar re­
sponses were due to the pressure on the descend­
ing tracts in the spinal cord -at the level of the 
tumor. This also resulted in spastic paralysis of the 
muscles of the lower limbs. 

3. A detailed description of the procedures for 
performing a lumbar puncture are given on page 
33 .  The pressure of fluid can be measured and 
this is raised in patients, for example, with intra-



cranial tumor or hemorrhage, hydrocephalus, 
meningitis, and encephalitis. The normal pressure 
is between 50 and 1 50 mm of water. A sample of 
cerebrospinal fluid may be obtained so that 
cytological and chemical analysis can be per­
formed. For derails of the normal composition of 
cerebrospinal fluid , see page 163 .  Normal cere­
brospinal fluid is clear and colorless. Substances 
may be inserted into the subarachnoid space, e.g., 
antibiotics and anesthetics, and opaque media may 
be introduced in order to perform myelography. 

4. Queckenstedt's sign is positive if the cerebro­
spinal fluid pressure, measured by means of a 
lumbar puncture, does not rise promptly following 
the application of pressure to the internal jugular 
veins in the neck. It indicates that the sub­
arachnoid space is blocked. (For details, see p. 
33 . )  

5 .  The blood supply to the spinal cord i s  fully de­
scribed on page 1 6 1 .  The anterior spinal artery 
supplies the anterior two-thirds of the spinal cord. 
The thoracic segments of the spinal cord have a 
relatively poor supply of blood, because only a few 
radicular arteries join the anterior spinal artery in 
this region. 

6. Compare your diagram with that shown in Fig­
ure 7-2 .  Also read the description of the gray 
matter of this region on page 1 5 1 .  

7 .  Compare your diagram with that shown i n  Fig­
ure 7-7 .  Also read the descriptions of the white 
matter and the arrangement of the major ascend­
ing and descending tracts on page 1 5  7. In syrin­
gomyelia, a long cavity or cavities surrounded by 
gliosis appear close to the central canal in the 
upper cervical region of the spinal cord . The pa­
tients exhibit, principally, pain and thermal sen­
sory loss with muscular wasting, especially in the 
small muscles of the hand. Later, involvement of 
the lateral white column results in loss of function 
in the corticospinal and other descending tracts, 
with spastic paralysis of the lower limbs. Involve­
ment of the descending fibers of the sympathetic 
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part of the autonomic system may produce a 
Homer's syndrome. (See p. 428 . )  

8. The lack of filling with radiopaque material of 
the lateral extension of the subarachnoid space 
around the fourth left thoracic spinal nerve in the 
myelogram would indicate that this extension was 
being pressed upon by a space-occupying lesion in 
the lateral part of the vertebral canal or within the 
intervertebral foramen. The lesion may have been 
a tumor or a herniated intervertebral disc. The lat­
eral extension of the subarachnoid space around 
each spinal nerve is due to the meninges being 
prolonged laterally around the anterior and poste­
rior spinal nerve roots. Within the intervertebral 
foramen the meninges fuse with the epineurium 
around the spinal nerve. 

9. The statement is correct. Unfortunately, many 
students, on examining thin transverse sections of 
the spinal cord, forget that the sections enable 
them to see the cells in only two dimensions, while 
in fact these cell groups extend up and down the 
spinal cord as columns of cells. 

10. (a) The ligamentum denticulatum is formed as 
a thickening of pia mater. The ligamenta den­
ticulata are situated on both sides of the spinal 
cord between the spinal nerve roots of adjacent 
segments of the spinal cord. They extend laterally, 
where they terminate as toothlike attachments to 
the dura. They suspend the spinal cord within the 
dural sheath. (b) The filum terminale is a fibrous 
cord that is a prolongation of the pia mater ex­
tending from the apex of the conus medullaris to 
be attached inferiorly to the back of the coccyx. Its 
function is to anchor the spinal cord inferiorly. (c) 
The substantia gelatinosa is a group of nerve cells 
situated at the apex of the posterior gray column 
throughout the length of the spinal cord. The 
nerve cells are concerned mainly with the conduc­
tion of the sensations of pain, temperature, and 
touch. (d) The nucleus proprius is a group of large 
nerve cells situated in the posterior gray horn an­
terior to the substantia gelatinosa throughout the 
length of the spinal cord. They are associated with 
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the proprioception, tactile discrimination, and vi­
bration senses. (e) The anterior gray commissure is 
that part of the gray matter located anterior to the 
central canal of the spinal cord. The anterior and 
posterior gray commissures together constitute 
what is known as the gray commissure of the spi­
nal cord . 

Chapter 8 
1 .  Until involvement of one of the last four cra­
nial nerves occurs, localization of a lesion co the 
medulla oblongata remains uncertain. For exam­
ple, involvement of the main ascending sensory 
pathways or descending pathways may be caused 
by a lesion in the medulla, the pons, the mid brain, 
or the spinal cord . Involvement of the glos­
sopharyngeal nerve can be detected by inadequacy 
of the gag reflex and loss of taste sensation on the 
posterior third of the tongue. Involvement of the 
vagus nerve can be assumed if the patient dem­
onstrates some of, or all, the following symp­
toms: impairment of pharyngeal sensibility, 
difficulty in swallowing, nasal regurgitation of 
fluids with asymmetry of movement of the soft 
palate, and hoarseness of the voice with paralysis 
of the laryngeal muscles . The cranial part of the 
accessory nerve is distributed within the vagus 
nerve so that it is not possible to test for this nerve 
alone. The spinal part of the accessory nerve, 
which supplies the sternocleidomastoid and 
trapezius muscles, arises from the spinal cord (see 
p. 374) and, therefore, is unaffected by tumors of 
the medulla. The hypoglossal nerve involvement 
may be tested by looking for wasting, fascicula­
tion, and paralysis of one-half of the tongue. 

2. The malformation in which the cerebellum and 
the medulla oblongata are found in the cervical 
part of the vertebral canal is known as the 
Arnold-Chiari malformation. This condition is a 
common cause of infantile hydrocephalus. The 
hydrocephalus may be due to distortion or mal­
formation of the openings in the roof of the fourth 
ventricle, which normally allow the cerebrospinal 
fluid to escape into the subarachnoid space. A 
myelocele is commonly associated with this ma!-

formation. The reason for this is not exactly 
known, although several authors believe that the 
myelocele is the primary cause and that it tethers 
the lower part of the spinal cord to the surround­
ing tissues at the time when disproportionate 
growth of the spinal cord and the vertebral column 
occurs. This would serve to pull the medulla ob­
longata and the cerebellum inferiorly through the 
foramen magnum into the vertebral canal. 

3. This patient is suffering from a thrombosis of 
the posterior inferior cerebellar artery on the right 
side. The vertigo is due co the involvement of the 
cerebellum. The hot, painful skin sensations are 
due to the involvement of the spinal tract and nu­
cleus of the trigeminal nerve on the right side. The 
abnormal movement f the soft palate and the 
fixation of the right vocal cord are due to involve­
ment of the nucleus of the vagus and accessory 
nerve on the right side. The ptosis, enophthalmos, 
and myosis (Homer's syndrome) are due to in­
volvement of the descending fibers of the sym­
pathetic part of the autonomic nervous system. 
The pointing of the tongue to the right is caused 
by involvement of the right hypoglossal nucleus. 
The loss of pain and temperature sensations on the 
opposite side of the body are due to involvement 
of the ascending lateral spinothalamic tracts. This 
characteristic clinical syndrome results from cut­
ting off the arterial supply to a wedge-shaped area 
in the posterolateral part of the medulla oblongata 
and the inferior surface of the cerebellum. 

4. The ninth, tenth, and cranial part of the elev­
enth cranial nerves emerge from the medulla ob­
longata in a groove between the olives and the in­
ferior cerebellar peduncles. 

Chapter 9 
1 .  This 10-year-old girl later was found to have an 
astrocytoma of the pons. The right unilateral facial 
weakness, together with weakness of the right lat­
eral rectus muscle of the eye, was due to involve­
ment of the right facial and abducent nuclei by the 
tumor. The absence of paresthesia of the face indi­
cated that the principal sensory nucleus of the 



trigeminal nerve was intact on both sides. The 
weakness in the movements of the left arm and 
left leg was due to the involvement of the cor­
ticospinal fibers in the pons. (Remember that the 
majority of these fibers cross over to the opposite 
side at the decussation of the pyramids in the 
medulla.) 

2. "Pinpoint" pupils indicate that the constrictor 
pupillae muscles are strongly contracted and the 
dilator pupillae muscles are paralyzed. The dilator 
pupillae muscles are supplied by the sympathetic 
fibers, which descend through the pons (position 
not precisely known) to the lateral gray columns of 
the thoracic part of the spinal cord . Here the fibers 
synapse and the thoracolumbar sympathetic 
outflow occurs (see p. 409). 

3 .  The deafness and vertigo were due to lesions in 
the cochlear and vestibular nuclei in the upper 
part of the pons. The double vision (diplopia) was 
produced by the involvement of the abducent 
nerve nucleus on the right side of the pons. The 
history of severe headaches and vomiting was due 
to a progressive rise in intracranial pressure caused 
by a tumor of the pons. The right unilateral facial 
palsy was due t0 the involvement of the right facial 
nerve nucleus. The sensory impairment of the skin 
of the middle and lower part of the right side of 
the face was due to the tumor involvement of the 
principal sensory nucleus of the right trigeminal 
nerve. 

Chapter 10 
1 .  This man, at  operation, was found to have an 
astrocytoma of the right cerebellar hemisphere. 
This fact explains the occurrence of unilateral 
symptoms and signs. The lesion was on the right 
side and the clumsiness, tremor, muscle incoordi­
nation, and hypotonia occurred on the right side 
of the body. The progressive worsening of the 
clinical condition could be explained on the basis 
that more and more of the cerebellum was be­
coming destroyed as the tumor rapidly expanded . 
The flaccidity of the muscles of the right arm and 
leg was due to hypotonia, i .e . ,  a removal of the 
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influence of the cerebellum on the simple stretch 
reflex involving the muscle spindles and tendon 
organs. The clumsiness, tremor, and overshooting 
on the finger-nose test were due to lack of cere­
bellar influence on the process of coordination 
between different groups of muscles. The falling 
to the right side, the tilting of the head, and the 
drooping of the right shoulder were due to loss of 
muscle tone and fatigue . 

2. A diagnosis was made of medulloblastoma of 
the brain in the region of the .roof of the fourth 
ventricle, with involvement of the vermis of the 
cerebellum. The child died 9 months later after 
extensive deep x-ray therapy. The sudden onset of 
vomiting, the increased size of the head beyond 
normal limits, the sutural separation, and the se­
vere bilateral papilledema could all be accounted 
for by the rapid rise in intracranial pressure owing 
to the rapid increase in size of the tumor. The 
broad-based, unsteady gait and the tendency to fall 
backward (or forward),  and not to one side, indi­
cate a tumor involving the vermis. The presence of 
bilateral hypotonia, especially during the later 
stages, was due to involvement of both cerebellar 
hemispheres. At autopsy the tumor was found to 
have extensively invaded the fourth ventricle, and 
there was evidence of internal hydrocephalus be­
cause the cerebrospinal fluid had been unable to 
escape through the foramina in the roof of the 
fourth ventricle. 

3. Nystagmus, an involuntary oscillation of the 
eyeball, may occur physiologically, as when a per­
son watches rapidly moving objects, or by rapid 
rotation of the body. It commonly occurs in dis­
eases of the nervous system, eye, and inner ear. In 
cerebellar disease, nystagmus is due to ataxia of 
the muscles moving the eyeball. There is lack of 
coordination between the agonists and antagonists 
involved in the eyeball movement. For full under­
standing of the different forms of nystagmus, a 
textbook of neurology should be consulted. 

4. The different types of neurons found in the 
cerebellar cortex are fully described on pages 
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1 89-1 94.  The functions of these different cells 
are fully discussed on page 196 under Cerebellar 
Cortical Mechanisms. Remember that a great deal 
more research is required into the fine structure 
and physiology of these cells before we shall fully 
understand the functions of this interesting, com­
puterlike organ. 

5. Acute lesions, such as those resulting from a 
thrombosis of a cerebellar artery or a rapidly 
growing tumor, prod�ce sudden severe symptoms 
and signs owing to the sudden withdrawal of the 
influence of the cerebellum on muscular activity. 
Patients can recover quickly from large cerebellar 
injuries, and this can be explained on the basis that 
the cerebellum influences muscular activity not di­
rectly but indirectly through the vestibular nuclei, 
reticular formation, red nucleus, tectum, and cor­
pus striatum and the cerebral cortex; it may well 
be that these other areas of the central nervous 
system take over this function. In chronic lesions, 
the symptoms and signs are much less severe and 
there is enough time to allow the other areas of 
the central nervous system to compensate for loss 
of cerebellar function. 

6. The climbing fibers are one set of afferent 
fibers to the cerebellar cortex. They originate in 
the olives and pass into the cortex "climbing" 
through the granular and Purkinje layers to end by 
synapsing on the dendrites of a single Purkinje 
cell. 

The mossy fibers are the second set of afferent 
fibers to the cerebellar cortex. They originate 
from many areas of the central nervous system 
(see p. 343)  except the olives, and pass into the 
granular layer of the cortex. They terminate by 
synapsing with many granular cell processes. Their 
mode of termination closely resembles the 
branching of the small leafy plant called moss . 

7. The cerebellar peduncles, of which there are 
three pairs, superior, middle, and inferior, are 
composed of bundles of nerve fibers that pass to 
and from the cerebellum, connecting it with the 
remainder of the nervous system. The fiber con­
tent of each is described on page 1 96. 

The middle cerebellar peduncle is the largest of 
the peduncles and is made up entirely of the cor­
ticopontocerebellar fibers that originate in the 
neurons of the pontine nuclei. The fibers then 
cross the midline as the transverse fibers of the 
pons and pass through the middle cerebellar 
peduncle to reach the cortex of the neocerebellum 
of the contralateral hemisphere. These fibers con­
stitute an important link between the cerebral 
cortex and the cerebellum. 

8. The intracerebellar nuclei are situated in each 
cerebellar hemisphere. They are, from lateral to 
medial: the dentate, the emboliform, the globose, 
and the fastigial nuclei. The axons of the neurons 
of these nuclei form the main outflow from the 
cerebellum to the remainder of the central ner­
vous system. It follows, therefore, that if these nu­
clei are destroyed, the cerebellum is totally cut off 
from influencing the rest of the nervous system 
(except connections that pass directly from the 
Purkinje cells to the vestibular nuclei). If the cor­
tex and the nuclei both are destroyed, clearly, the 
cerebellum is no longer functioning. 

9. A person who has a unilateral lesion involving 
one cerebellar hemisphere demonstrates absence 
of coordirrntion between different groups of mus­
cles on the same side of the body. This disturbance 
affects not only agonists and antagonists in a single 
joint movement, but all associated muscle activity. 
For example, a normal person when walking 
swings his arms at both sides; in cerebellar disease 
this activity would be lost on the side of the lesion. 

Chapter 1 1  
1 .  This man was operated on and found to have a 
large astrocytoma of the vermis of the cerebellum. 
The tumor had severely encroached upon the cav­
ity of the fourth ventricle, producing internal hy­
drocephalus and pressure on the floor of the ven­
tricle. 

The symptoms of headache and persistent vom­
iting were produced by a raised intracranial pres­
sure caused by the enlarging tumor. The tumor 
also blocked off the median and lateral apertures 
in the roof of the fourth ventricle, causing an 



internal hydrocephalus, which further raised the 
intracranial pressure. The bilateral papilledema 
was secondary to the raised intracranial pressure. 
The inability to sit up in bed (truncal ataxia) and 
the loss of equilibrium on standing were due to 
the tumor involvement of the vermis of the cere­
bellum. The loss of tone of the muscles of the 
right limbs indicated spread of the tumor to in­
volve the right cerebellar hemisphere. Central 
deafness on the right side was due to involvement 
of the right eighth cranial nerve nuclei by the 
tumor mass. The patient died 6 months after 
neurosurgical exploration. 

2.  Steroid hormones (e.g., prednisone) inhibit the 
normal inflammatory reaction and thereby reduce 
the incidence of fibrous adhesions. Such adhesions 
may block the openings in the roof of the fourth 
ventricle, thus preventing the escape of cerebro­
spinal fluid into the subarachnoid space from 
within the ventricular system. Adhesions also may 
prevent the flow of cerebrospinal fluid over the 
cerebral hemispheres or reduce the absorption of 
the fluid into the arachnoid granulations. Thus it is 
seen that adhesions of the meninges may result in 
hydrocephalus. 

3. (a) Central aperture m roof (foramen of 
Magendie), (b) two lateral apertures in roof 
(foramina of Luschka), (c) central canal of medulla 
oblongata and spinal cord (there is no opening into 
the subarachnoid space from this canal), and (d) 
cerebral aqueduct of midbrain (leads into the third 
and lateral ventricles but there is no opening into 
the subarachnoid space). 

4. The superior medullary velum is a thin sheet of 
white matter connecting the two superior cere­
bellar peduncles. It is covered on the outside by 
pia mater and is lined on the inside by ependyma. 
It forms the superior part of the roof of the fourth 
ventricle. The function of the white matter is not 
known. 

The inferior medullary velum has no nervous 
tissue within it and consists of a layer of pia mater 
lined with ependyma. It forms the lower part of 
the roof of the fourth ventricle and stretches be-
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tween the inferior cerebellar peduncles. It has a 
large aperture in the midline, the median aperture, 
and the choroid plexus is suspended from the 
inferior medullary velum (see p. 2 10). The im­
portant function of the median aperture and the 
function of the choroid plexus are described on 
page 2 10. 

5 .  The important structures that lie beneath the 
floor of the fourth ventricle are as follows: 

Beneath the superior half and within the pons are 
the abducent nerve nucleus, part of the seventh 
cranial nerve, which loops around it to form the 
facial colliculus, and the vestibular nuclei . 

' 

Beneath the inferior half and within the medulla 
oblongata are the hypoglossal nucleus, the dorsal 
motor nucleus of the vagus, and the vestibular nu­
clei. 

Chapter 1 2  
1 .  The herniated uncus and the subdural hemor­
rhage caused pressure of the opposite crus cerebri 
of the mid brain against the sharp edge of the ten­
torium. The distortion of the midbrain caused nar­
rowing of the cerebral aqueduct, further raising 
the supratentorial pressure by blocking the pas­
sage of cerebrospinal fluid from the third to the 
fourth ventricle. Under these circumstances, se­
vere hemorrhage may occur within the midbrain 
and affect the third and fourth cranial nerve nuclei 
and various important descending and ascending 
tracts. 

2.  This child had hydrocephalus. The physical ex­
amination and the special tests showed that the 
third and lateral ventricles of the brain were 
grossly dilated owing to the accumulation of cere­
brospinal fluid in these cavities .  Mechanical 
obstruction to the flow of cerebrospinal fluid from 
the third into the fourth ventricle through the ce­
rebral aqueduct was present. After the possibility 
of the presence of cysts or resectable tumors had 
been excluded, it was assumed that the cause of 
the obstruction was a congenital atresia or mal­
formation of the cerebral aqueduct. If the condi­
tion were progressing, i .e . ,  the block in the 
aqueduct was complete and the head continued to 
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increase in size at an abnormal rate, some form of 
neurosurgical procedure should have been per­
formed whereby the cerebrospinal fluid would be 
shunted from the third or lateral ventricles into 
the subarachnoid space, or into the venous system 
of the neck. 

3 .  Two years later the patient died. At autopsy a 
large astrocytoma was found that involved the 
central part of the tegmentum at the level of the 
superior colliculi. The patient had exhibited all 
signs and symptoms associated with a raised intr'a­
cranial pressure. The raised pressure was due in 
part to the expanding tumor, but the problem was 
compounded by the developing hydrocephalus re­
sulting from blockage of the cerebral aqueduct. 

The symptoms and signs exhibited by the pa­
tient when he was first seen by the neurologist 
could be explained by the presence of the tumor 
in the central gray matter at the level of the 
superior colliculi, and involving the third cranial 
nerve nuclei on both sides. This resulted in bilat­
eral ptosis, bilateral ophthalmoplegia, and bilateral 
fixed, dilated pupils. The resting position of the 
eyes in a downward and lateral position was due to 
the action · of the superior oblique muscle 
(trochlear nerve) and lateral rectus muscle (abdu­
cent nerve) .  

4. The patient had a hemorrhage into the right 
side of the tegmentum of the midbrain that in­
volved the right third cranial nerve. The ascending 
tracts of the left trigeminal nerve also were in­
volved .  After emerging from the sensory nuclei 
of the left trigeminal nerve, they cross the midline 
and ascend through the trigeminal lemniscus on 
the right side. The loss of sensation seen in the left 
upper and lower limbs was due to involvement of 
the right medial lemniscus. The athetoid move­
ments of the left leg could be explained on the 
basis of the involvement of the right red nucleus. 
The absence of spasticity of the left arm and leg 
would indicate that the lesion did not involve the 
right descending tracts. For further clarification, 
consult the descriptions of the various tracts (see 
pp. 268 and 3 3 5 ). 

5 .  Autopsy later revealed a vascular lesion in­
volving a branch of the posterior cerebral artery. 
Considerable brain softening was found in the re­
gion of the substantia nigra and crus cerebri on the 
left side of the midbrain. The left oculomotor 
nerve was involved as it passed through the in­
farcted area. The corticonuclear fibers that pass to 
the facial nerve nucleus and the hypoglossal nu­
cleus were involved as they descended through 
the left crus cerebri (they cross the midline at the 
level of the nuclei). The corticospinal fibers on the 
left side were also involved (they cross in the 
medulla oblongata) ; hence the spastic paralysis of 
the right arm and leg. The left trigeminal and left 
medial lemnisci were untouched, which explains 
the absence of sensory changes on the right side of 
the body. This is a good example of Weber's syn­
drome. 

Chapter 1 3  
1 .  This man had a thrombosis of the thal­
amogeniculate branch of the right posterior cere­
bral artery . This resulted in a degenerative le­
sion within the right thalamus causing the impair­
ment of superficial and deep sensations on the left 
side of the body. The contralateral hemiparesis, 
involving the left leg and left arm with increased 
muscle tone, was produced by edema in the 
nearby posterior limb of the right internal capsule 
causing blocking of the corticospinal fibers. As the 
edema resolved, the paralysis and spasticity im­
proved. The choreoarhetoid movements of the 
left leg and the intention tremor of the left arm 
were probably due to damage to the right 
thalamus or to the right dentatothalamic nerve 
fibers. 

The development of the agonizing pain of 
the left leg--characteristic of the thalamic syn­
drome-was due to the lesion in the right thal­
amus. 

2. This woman exhibited continuous uncoordi­
nated activity of the proximal musculature of the 
right arm and right leg, resulting in the limbs being 
flung violently about. The muscles of the right side 
of the face were also slightly affected.  This condi- . 



tion is known as hemiballism . It was caused by hem­
orrhage into the left subthalamic nucleus. 

3. During the third decade, calcareous concre­
tions appear in the neuroglia and connective tissue 
of the pineal gland. This provides a useful midline 
landmark to the radiologist. A lateral displacement 
of such a landmark would indicate the presence of 
an intracranial mass. In this patient, the pineal 
gland shadow was in the midline and all the other 
investigations, including computerized axial to­
mography, showed no evidence of a cerebral 
tumor. 

4. Melatonin has been shown tQ C:illJ�e the aggre­
gation of melanin granules lrhin the rnelano­
phores of amphibian skin. It  has no action on the 
melanocytes of mammallian skin. Melatonin is pro­
duced in large quantities in the pineal gland by 
the enzyme hydroxymethyltransferase;  the gland 
also is capable of converting serotonin into mela­
tonin. 

5. Adiposity alone or associated with genital d ys­
trophy can occur with disease of the hypothala­
mus. 

Chapter 14 
1 .  The right middle frontal gyrus is located on the 
lateral surface of the frontal lobe of the right cere­
bral hemisphere. It is bounded superiorly and in­
feriorly by the superior and inferior frontal sulci, 
respectively. The right middle frontal gyrus 1s 
overlaid by the frontal bone of the skull. 

2 .  The important central sulcus is large and runs 
downward and forward across the lateral aspect of 
each hemisphere. Superiorly, it indents the 
superior medial border of the hemisphere about 1 
cm behind the midpoint; it lies between two 
parallel gyri. It is the only sulcus of any length that 
indents the superior medial border. The arrange­
ment of the sulci and gyri is very similar on both 
sides of the brain. There are, however, great indi­
vidual variations in the details of their arrange­
ment. 

4 9 1  

3 .  The lateral ventricle i s  a C-shaped cavity 
situated within each cerebral hemisphere. The lat­
eral ventricle wraps itself around the thalamus, the 
lentiform nucleus, and the caudate nucleus. It is 
divided into a body that occupies the parietal lobe, 
an anterior horn that extends into the frontal 
lobe, a posterior horn that extends into the occip­
ital lobe, and an inferior horn that runs forward 
and inferiorly into the temporal lobe. The cere­
brospinal fluid is produced in the choroid plexus 
of the lateral ventricle and drains through the 
small interventricular foramen into the third ven­
tricle. In later life,  the choroid plexus, especially in 
its posterior part, sometimes shows calcified de­
pos.its., which are oc:c:11,5iorrnlly revealed on radio­
graphs, as Jn this case. This patient later was found 
to have a cerebral tumor that was compressing the 
left interventricular foramen; hence the enlarged 
left ventricle. 

4. The corpus callosum occasionally fails to de­
velop and in those patients no definite neurolog­
ical signs and symptoms appear. If however, the 
corpus callosum is divided during a surgical pro­
cedure in the adult, the loss of interconnections 
between the two hemispheres becomes apparent 
(see p. 2 5 1 ) . 

5 .  The corpus striatum is the collective term for 
the caudate nucleus and the lentiform nucleus. 
The name is derived from the gross appearance of 
the horizontal brain slice of this region, which 
shows strands of gray matter connecting the head 
of the caudate nucleus through the white matter of 
the internal capsule to the putamen of the len­
tiform nucleus. 

The basal ganglia comprise the caudate nucleus, 
the lentiform nucleus, and the amygdaloid nucleus 
(to which may be added the claustrum). The basal 
nuclei are the same structures as those that form 
the basal ganglia. 

Chapter 1 5  
1 .  The cerebral cortex i s  made up o f  six iden­
tifiable layers. In the motor cortex in the pre­
central gyrus, there is a lack of granular cells in the 
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second and fourth layers, and in the somesthetic 
cortex in the postcentral gyrus, there is a lack of 
pyramidal cells in the third and fifth layers. The 
motor cortex is thicker than the sensory cortex. 

2. This patient had a cerebral tumor involving the 
left parietal lobe, with advanced destruction of the 
superior parietal lobule. This is the somesthetic 
association area, where the sensations of touch, 
pressure, and proprioception are integrated. It is 
essential that the patient be allowed to finger the 
object so that these different sensations can be ap­
preciated. 

3 .  This patient had a cerebrovascular lesion in­
volving the left precentral gyrus. The damage to 
the pyramidal cells that give origin to the cortico­
spinal fibers was responsible for the right-sided 
paralysis. The increased tone of the paralyzed 
muscles was due to the loss of inhibition caused by 
involvement of the extrapyramidal fibers (see 
p. 268). 

4. Destructive lesions of the frontal eye field of 
the left cerebral hemisphere caused the two eyes 
to deviate to the side of the lesion and an inability 
to turn the eyes to the opposite side. The frontal 
eye field is considered to control voluntary scan­
ning movements of the eye and is independent of 
visual stimuli. 

5. A small discrete lesion of the primary motor 
cortex results in little change in muscle tone. 
Larger lesions involving the primary and second­
ary motor areas, which are the most common, re­
sult in muscle spasm. The explanation for this is 
fully given on page 268. 

6. This patient is suffering from Jacksonian 
epileptic seizures, which in this case are caused by 
cerebral scarring secondary to the automobile in­
jury. The weakness of the right leg immediately 
following the accident was due to damage to the 
superior part of the left precentral gyrus. Her ini­
tial attacks of epilepsy were of the partial variety 
and were caused by irritation of the leg area of the 

left precentral gyrus. In her last attack,  the epilep­
tiform seizure spread to other areas of the left pre­
central gyrus, thus involving most of the right side 
of her body, and she lost consciousness. 

7. As the result of the patient and extensive his­
tological researches of Brodmann, Campbell, 
Economo, and the Voges, it has been possible to 
divide the cerebral cortex into areas that have a 
different microscopic arrangement and different 
types of cells. These cortical maps are fundamen­
tally similar and the one proposed by Brodmann is 
used widely. Because the functional significance of 
many areas of the human cerebral cortex is not 
known, it has not been possible to closely corre­
late structure with function. I n  general, it can be 
said that the motor cortices are thicker than the 
sensory cortices, and that the motor cortex has less 
prominent second and fourth granular layers and 
has large pyramidal cells in the fifth layer. Other 
areas with a different structure may have similar 
functional roles. More recent studies using elec­
trophysiological techniques have indicated that it 
is more accurate to divide the cerebral cortex ac­
cording to its thalamocortical projections. The 
vertical chain mechanism of the cerebral cortex is 
fully described on page 2 6 1 .  

8 .  In this patient, the persistence o f  coarse vol­
untary movements of che right shoulder, hip, and 
knee joints can be explained only on the basis that 
the movements are performed by the ipsilateral 
cerebral hemisphere. Proof of this can be seen in 
patients in whom both precentral cortices have 
been destroyed; then both arms and both legs are 
completely paralyzed. 

9. The professor's altered behavior was due to a 
severe lesion involving both frontal lobes of the 
cerebrum secondary to the depressed fracture of 
the frontal bone. While destruction of the pre­
frontal cortex does not cause a marked loss of in­
telligence, it does result in the individual's losing 
initiative and drive, and often the patient no 
longer conforms to the accepted modes of social 
behavior. 



10. The understanding of spoken speech requires 
the normal functioning of the secondary audicory 
area, which is situated posterior to the primary au­
ditory area in the lateral sulcus and in the superior 
temporal gyrus. This area is believed to be neces­
sary for the interpretation of sounds. 

1 1 . The understanding of written speech requires 
the normal functioning of the secondary visual 
area of the cerebral cortex, which is situated in the 
walls of the posterior part of the calcarine sulcus 
on the medial and lateral surfaces of the cerebral 
hemisphere. The function of the secondary visual 
area is to relate visual information received by the 
primary visual area to past visual experiences. 

12 .  Coma is the term applied to an unconscious 
patient. The patient will not speak and will re­
spond only reflexly to painful stimuli or, in deeply 
comatose individuals, there will be no response. 
The eyes are closed and do not move. 

Sleep is a changed state of consciousness and is 
discussed on page 2 7 1 . 

An electroencephalogram (EEG) is a recording 
of the electrical activity of the cerebral cortex 
made by placing electrodes on the scalp. Detec­
tion of abnormalities of the alpha, beta, and delta 
rhythms may assist in the diagnosis of cerebral 
tumors, epilepsy, and cerebral abscesses. 

Chapter 16 
1 .  The Kluver-Bucy syndrome consists of  the 
signs and symptoms found in monkeys following 
bilateral removal of the temporal lobe. The mon­
keys become docile and unresponsive and display 
no signs of fear or anger. They have an increased 
appetite and increased sexual activity, which is 
often perverse. They are unable to recognize ob­
jects seen. Human subjects in whom the amyg­
daloid area is destroyed do not usually demon­
strate this syndrome. It  has , however, been de­
scribed in humans following the bilateral removal 
of large areas of the temporal lobes . 

'2. The olfactory aura that preceded the general 
nvulsions of the epileptic attack would indicate 
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that the temporal lobe of the cerebral cortex was 
initially involved . 

3. An autopsy study revealed extensive invasion 
of the hippocampus, fornix, and mammillary 
bodies in both cerebral hemispheres. It appears 
that the hippocampus is involved in the storage 
and categorizing of afferent information related to 
recent memory. 

Chapter 17  
1 .  The common sites for blockage of  the flow of 
cerebrospinal fluid are where the passages are nar­
rowest, namely, the interventricular foramina 
(foramina of Monro), the cerebral aqueduct, the 
median aperture in the roof of the fourth ventricle 
(foramen of Magendie), and the aperture in each 
lateral recess of the fourth ventricle (foramen of 
Luschka). It is possible for inflammatory exudate 
secondary to meningitis or a cerebral tumor to 
narrow down or even obliterate the opening in the 
tencorial notch so that the passage of the cerebro­
spinal fluid to the outer surface of the cerebral 
hemispheres is impeded or stopped. 

2 .  The cerebrospinal fluid serves as a cushion 
between the brain and the surrounding skull 
bones. It permits pressure applied at one point on 
the skull co be evenly distributed over the brain 
surface. Unfortunately, the brain is suspended in 
the fluid and is free to move, so that damage due 
to distortion, or as the result of momentum, can 
still occur. For a discussion of these problems, see 
Chapter 36. 

3 .  A ventriculogram may be obtained. This pro­
cedure consists of the introduction of air or oxy­
gen into the lateral ventricle through a needle in­
serted through a burr hole in the skull . 

Since the left lateral ventricle was the only part 
of the ventricular system that showed d istention 
and distortion on the computerized axial tomo­
gram, one can assume that the tumor had closed off 
the left interventricular foramen and therefore 
was in the vicinity of that foramen. 
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4. Hydrocephalus is a condition in which there is 
an abnormal increase in the volume of cerebro­
spinal fluid within the skull. Congenital acresia of 
the cerebral aqueduct, meningitis, tumors, and 
blockage of the arachnoid granulations by sub­
arachnoid bleeding or inflammatory exudate are 
common causes of chis condition in young chil­
dren. 

Chapter 1 8  
1 .  The blood-brain barrier i s  a semiperme�ble 
barrier chat exists between the blood and the ex­
tracellular spaces of the nervous tissue of the 
brain. It permits the passage of water, gases, glu­
cose , eleccrolyces, and amino acids but it is im­
permeable co substances with a large molecular 
weight. 

The antibiotic penicillin, when injected in­
tramuscularly into a normal individual, is found in 
much lower concentrations in the cerebrospinal 
fluid than in the blood and chis is due to the exis­
tence of the blood-brain barrier and the blood­
cerebrospinal fluid barrier. Inflammation of the 
meninges results in an increased permeability of 
the meningeal blood vessels, and consequently the 
concentration of penicillin rises in the cerebro­
spinal fluid. It is important, however, for the 
treatment to be effective in patients with menin­
gitis, co give very large doses of penicillin intrave­
nously. 

Sulfonamides, on the ocher hand, are less toxic 
co nervous tissue and rapidly cross the blood-brain 
and blood-cerebrospinal fluid barriers, so chat an 
adequate concentration in the cerebrospinal fluid 
can easily be maintained. 

2.  The blood-brain barrier in the newborn child is 
more permeable than in the adult and indirect 
bilirubin readily crosses the barrier. Once the bile 
pigment reaches the extracellular spaces of the 
brain tissue it passes into the neurons and neuro­
glial cells. This results in abnormal cell function and 
eventually neuronal death. 

3. The pineal gland, the posterior lobe of the pi­
tuitary, the cuber cinerium, the wall of the optic 

recess, and the vascular area poscrema at the in­
ferior end of the fourth ventricle are parts of the 
brain where the capillary endothelium contains 
open fenestrations across which proteins and small 
organic molecules may pass. It is in these areas 
chat the blood-brain barrier appears co be absent. 

The reason for the absence of the barrier in the 
pineal gland is not understood .  Ir is possible chat 
the pinealocytes, in order to function normally, 
require a close relationship with the blood plasma 
in order co sample the concentrations of melato­
nin, serotonin, sex hormones, and the pituitary 
hormones. 

The absence of the blood-brain barrier in the 
region of the hypothalamus may allow chis area of 
the brain to sample the chemical content of the 
plasma, so chat appropriate modifications of meta­
bolic activity may cake place, thus protecting the 
nervous tissue as a whole. 

Chapter 19 
1. A fracture dislocation of the ninth thoracic 
vertebra would result in severe damage co the 
tenth thoracic segment of the spinal cord. The un­
equal sensory and motor losses on the cwo sides 
indicate a left hemisecrion of the cord. The narrow 
band of hyperesthesia on the left side was due co 
the irritafion of the cord immediately above the 
site of the lesion. The band of anesthesia and 
analgesia was due to the destruction of the cord on 
the left side at the level of rhe tenth thoracic 
segment-i.e. , all afferent fibers entering the cord 
at that point were interrupted .  The loss of pain 
and thermal sensibilities and the loss of light 
couch below the level of the umbilicus on the right 
side were caused by the interruption of the lateral 
and anterior spinothalamic tracts on the left side of 
the cord. 

2.  This patient has the early signs and symptoms 
of  syringomyelia. The gliosis and cavitation had 
resulted in interruption of the lateral and anterior 
spinochalamic traces as they decussaced in the an­
terior gray and white commissures of the spinal 
cord at the level of the eighth cervical and firs1 
thoracic segments of rhe spinal cord . Due to u 



even growth of the cavitation, the condition was 
worse on the left than on the right side. Since tac­
tile discrimination was normal in both upper 
limbs, the fasciculus cuneatus in both posterior 
white columns was unaffected. This dissociated 
sensory loss is characteristic of this disease. 

3. The peculiar stamping gait and the swaying 
posture on closing the eyes are the characteristic 
signs of loss of appreciation of proprioceptive sen­
sation from the lower limbs. These, together with 
the inability to detect the vibrations of a tuning 
fork placed on the medial malleoli of both legs, 
indicated that the patient had a lesion involving 
the fasciculus gracilis in both posterior white col­
umns. Further questioning of this patient indi­
cated that he had been treated for syphilis. The 
diagnosis was tabes dorsalis. 

4. The treatment of intractable pain in terminal 
cancer is a difficult problem. The narcotic drugs 
with their strong analgesic action are usually used . 
The likelihood that these drugs will be habit­
forming is accepted in a dying patient. An alterna­
tive treatment is surgical section of the nerve 
fibers carrying the sensations of pain into the ner­
vous system. The techniques of posterior 
rhizotomy and cordotomy are described on page 
3 1 7 .  

Chapter 20 
1. The lower motor neuron in the spinal cord has 
its cell body and dendrites situated in the anterior 
gray column. The axon leaves the gray matter, 
crosses the white matter, and enters the anterior 
root of the spinal nerve. It then travels through 
the spinal nerve and peripheral nerve to innervate 
skeletal muscle. 

lnternuncial neurons are sometimes referred to 
as interneurons, or connector neurons. Large 
numbers are found in the anterior gray columns of 
the spinal cord in close relation to the lower motor 
neurons. Their function is to receive the de­
scending fibers of the many descending tracts and 

'�er afferent sensory fibers, and to relay the in­
'ltion to the lower motor neurons. The part 
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that these cells play in the production of the pro­
longed asynchronous discharge is discussed on 
page 330. The Renshaw cell is a special member of 
this group and inhibits the activity of the lower 
motor neuron (see p. 334).  

The final common pathway is a term used to de­
scribe the lower motor neuron. It  is the neuron 
that receives multiple impulses from different 
levels of the central nervous system and channels 
them along this common pathway to the muscle. 
The upper motor neurons have cell bodies 
situated at supraspinal levels. They give rise to 
nerve fibers that descend through the brainstem as 
corticonuclear fibers that end on cranial motor 
nerve nuclei, or as corticospinal fibers that de­
scend in the spinal cord and influence the lower 
motor neurons in the cord. 

2. Spinal shock is a temporary interruption of the 
physiological function of the spinal cord following 
injury. It may in part be a vascular phenomenon 
involving the gray matter of the spinal cord ; on the 
other hand, some authorities believe it is due to 
the sudden interruption of the influence of the 
higher centers on the local segmental reflexes. 
Whatever the cause, it usually disappears after 1 to 
4 weeks. The condition is characterized by a 
flaccid paralysis and loss of sensation and reflex 
activity below the level of the lesion; this includes 
paralysis of the bladder and rectum. 

Paraplegia in extension and paraplegia in flexion 
follow severe injury to the spinal cord. Paraplegia 
in extension indicates an increase in the extensor 
muscle tone owing to the overactivity of the 
gamma efferent nerve fibers to the muscle spin­
dles as the result of the release of these neurons 
from the higher centers. However, some 
neurologists believe that the vestibulospinal tracts 
are intact in these cases. Should all the descending 
tracts be severed, the condition of paraplegia in 
f!exion occurs where the reflex responses are 
flexor in nature when a noxious stimulus is 
applied. It should be emphasized that paraplegia in 
extension and paraplegia in  flexion occur only 
after spinal shock has ceased. Paraplegia in exten­
sion may change to paraplegia in f!exion if the 

: ·� . 
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damage to the spinal cord becomes more exten­
sive and the vestibulospinal tracts are destroy..:d. 

3 .  The term pyramidal tract simply means those 
corticospinal fibers that are grouped together in 
the medulla oblongata to form a visible swelling 
known as the pyramid. Clinicians often use the 
term too loosely and include the corticonuclear 
fibers (see p. 3 53 )  and even all the upper motor 
neurons under this term. 

The term extrapyram£dal tracts is used loosely by 
clinicians to include all descending pathways in the 
spinal cord other than those that are descending 
directly from the primary motor area of the cere­
bral cortex. The term is imprecise and should be 
dropped. 

4. If it is assumed that this patient had a lesion in 
the left internal capsule following a cerebral hem­
orrhage, the corticospinal fibers would have been 
interrupted as they descended through the poste­
rior limb of the internal capsule. Since the major­
ity of these fibers crossed to the right side at the 
decussation of the pyramids, or lower down at the 
segmental level of the spinal cord, the muscles of 
the opposite side would have been affected. Inter­
ruption of these corticospinal fibers would have 
produced the following clinical signs: (a) Babinski 
sign positive, (b) loss of superficial abdominal and 
cremasteric reflexes,  and (c) loss of performance 
of fine, skilled voluntary movements, especially at 
the distal ends of the limbs . 

In patients with severe hemorrhage into the 
internal capsule, subcortical connections between 
the cerebral cortex and the caudate nucleus and 
the globus pallidus and other subcortical nuclei 
may be damaged .  Moreover, some of the nuclei 
themselves may be destroyed. The interruption of 
other descending tracts from these subcortical 
centers would produce the following clinical signs: 
(a) severe paralysis on the opposite side of the 
body; (b) spasticity of the paralyzed muscles; (c) 
exaggerated deep muscle reflexes on the opposite 
side of the body to the lesion (clonus may be dem­
onstrated); and (d) clasp-knife reaction, which 
may be felt in the paralyzed muscles. 

5. A lateral radiograph of the thoracic part of the 
vertebral column showed a fracture dislocation in­
volving the ninth thoracic vertebra. The first lum­
bar segment of the spinal cord is related to this 
vertebra. The first lumbar dermatome overlies the 
inguinal ligament and the total anesthesia over the 
right ligament would suggest a partial lesion of the 
spinal cord involving the total sensory input at that 
level. The loss of tactile discrimination and vi­
bratory and proprioceptive sense in the right leg 
was caused by the interruption of the ascending 
tracts in the posterior white column on the right 
side of the spinal cord . The loss of pain and tem­
perature sense in the skin of the left leg was due to 
destruction of the crossed lateral spinothalamic 
tracts on the right side at the level of the lesion. 
The loss of tactile sense in the skin of the left leg 
was caused by the destruction of the crossed an­
terior spinothalamic tracts on the right side. The 
spastic paralysis of the right leg and the right-sided 
ankle clonus were due to the interruption of the 
right-sided descending tracts other than the cor­
ticospinal tracts. The right-sided Babinski re­
sponse was brought about by the interruption of 
the corticospinal fibers on the right side. 

The complete motor and sensory loss of both 
legs and the absence of all deep tendon reflexes of 
both legs during the first 1 2  hours were due to spi­
nal shock. 

6. The spinal cord occupies the vertebral canal of 
the vertebral column and under normal circum­
stances, therefore, is 'ell protected .  Unfortunate­
ly, once the integrity of the. bony protection is 
destroyed by a fracture dislocation, especially in 
the thoracic region, where the canal is of small 
diameter, then the bone can damage the cord and 
sever it j ust as a knife cuts through butter. It is 
essential that all patients suspected of having an 
injury to the spine be handled with great care to 
prevent the bones undergoing further dislocation 
and causing further injury to the cord . The patient 
should be carefully lifted by multiple supports 
under the feet, knees pelvis, back, shoulders, and 
head and placed on a rigid stretcher or board r 

transportation to the nearest medical center. 



7. Urinary infection secondary to bladder dys­
function is extremely common in paraplegic pa­
tients. The patient not only has lost control of the 
bladder but does not know when it is full. (For 
details on the autonomic control of the bladder, 
see p. 424.) An indwelling Foley catheter is placed 
in the bladder immediately for continuous drain­
age and antibiotic therapy is instituted. 

Bedsores are very common in patients who have 
lost all sensory perception over their bony points, 
such as the ischial tuberosities and the sacrum. 
Bedsores are best prevented by (a) keeping the 
skin scrupulously clean, (b) frequently changing 
the position of the patient, and (c) keeping soft 
padding beneath the bony points. 

Nutritional deficiency is common in active indi­
viduals who are suddenly confined to their beds 
and who are paralyzed. Loss of appetite must be 
combated by giving the patients a high-calorie diet 
that has all the required ingredients, especially vi­
tamins. 

Muscle spasms occur in paraplegia in extension 
or paraplegia in flexion and may follow only minor 
stimuli. Warm baths are helpful but occasionally, 
in extreme cases, nerve section may be necessary. 

Pain occurs in the anesthetic areas in about a 
quarter of patients who have a complete section of 
the spinal cord . The pain may be burning or 
shooting and superficial, or deep visceral. Analge­
sics should be tried, but in some individuals 
rhizotomy or even chordotomy may be necessary. 

An accurate prognosis is not possible until the 
stage of spinal shock has ended and this may last as 
long as 4 weeks. 

8. The characteristic coarse tremor of the right 
hand (pill rolling) and right arm, the unsmiling 
masklike face with unblinking eyes, and the cog­
wheel rigidity of the involved muscles make the 
diagnosis of early paralysis agitans certain. De­
generative lesions occur in the substantia nigra and 
other subcortical nuclei, including the lentiform 
nucleus. The loss of normal function of these sub­
cortical areas and the absence of their influence on 

· lower motor neurons are responsible for the 
'lsed tone and tremor. 
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9. (a) Intention tremor occurs in cerebellar dis­
ease. 

(b) Athetosis occurs in lesions of the corpus 
striatum. 

(c) Chorea occurs in lesions of the corpus 
striatum. 

(d) Dystonia occurs in disease of the lentiform 
nucleus. 

(e) Hemiballismus occurs in disease of the op­
posite subthalamic nucleus. 

Chapter 2 1  
1 .  This 1 0-year-old girl had the symptoms and 
signs of Friedreich's ataxia. This is an inherited de­
generative disease of the cerebellum and posterior 
and lateral parts of the spinal cord . 

Degeneration of the cerebellum was revealed 
by the altered gait, clumsy movements of the right 
arm, tendency to fall to the right, intention tremor 
of the right arm and leg, hypotonocity of the right 
arm and right leg, and nystagmus of both eyes. 

Involvement of the fasciculus gracilis and 
cuneatus was evidenced by loss of vibratory sense, 
loss of two-point discrimination, and loss of mus­
cle joint sense of the lower limbs. 

Corticospinal tract degeneration resulted in 
weakness of the legs and the presence of the 
Babinski plantar response. The exaggerated knee 
jerks were due to involvement of the upper motor 
neurons other than the corticospinal tract. 

The loss of the ankle jerks was due to the inter­
ruption of the reflex arcs at spinal levels S 1 and S2 
by the degenerative process. 

The clubfoot and scoliosis can be attributed to 
altered tone of the muscles of the leg and trunk 
over a period of many years. 

Chapter 22 
1 .  The medial strabismus of her right eye, the 
diplopia, and the inability to turn the right eye lat­
erally were due to paralysis of the right lateral 
rectus muscle caused by a lesion of the abducent 
nerve. The glucosuria, high blood glucose, 
polyuria, polydipsia, and weight loss are the classic 
signs and symptoms of diabetes mellitus. The le­
sion of the abducent nerve was an example of dia-
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bet£c neuropathy, a complication of untreated or 
poorly treated diabetes. Once the patient's diabe­
tes was carefully controlled, the right lateral rectus 
palsy disappeared after 3 months. 

2 .  This boy suffered from anosmia secondary to a 
lesion involving both olfactory tracts. The watery 
discharge from the nose was due to a leak of cere­
brospinal fluid through the fractured cribriform 
plate of the ethmoid bone. It was the fracture and 
the associated hemorrhage that had damaged both 
olfactory tracts. Many normal individuals with an 
acute sense of smell cannot name common scents. 
Since both olfactory tracts communicate with each 
other through the anterior commissure, it is un­
likely that a lesion of one olfactory cortex can pro­
duce complete anosmia. 

3. This patient has a paralysis of the right superior 
oblique .muscle resulting from a lesion of the 
trochlear nerve. Since the trochlear nerves de­
cussate on emergence from the midbrain, the left 
trochlear nucleus is the site of the lesion. This pa­
tient had a thrombosis of a small artery supplying 
the left trochlear nucleus. The difficulty in read­
ing, the diplopia, and the difficulty in walking 
downstairs were due to the paralysis of the right 
superior oblique muscle. 

4. As the result of the great increase in the thick­
ness of the bones due to new bone formation 
in osteitis deformans, mental deterioration may 
occur owing to compression of the cerebral hemi­
spheres. Those cranial nerves that pass through 
relatively small foramina in the skull are liable to 
be compressed by the new bone growth. The 
nerves commonly involved are the vestib­
ulocochlear and facial nerves, following nar­
rowing of the internal acoustic meatus. The olfac­
tory and optic nerves also may be compressed as 
they pass through the cribriform plate and the 
optic canal, respectively. 

5 .  Multiple sclerosis may affect white matter in 
widely disseminated areas of the central nervous 
system. Although remissions may occur, it is in-

evitably progressive. Thirty years later, when this 
patient died, numerous areas of sclerosis were 
found throughout the brainstem and white matter 
of the spinal cord . It was noted that the region of 
the vestibular nuclei beneath the floor of the 
fourth ventricle was involved in the disease pro­
cess. 

6. The trapezius muscle is supplied by the spinal 
part of the accessory nerve. The spinal nucleus of 
this nerve in the upper five cervical segments of 
the spinal cord receives cortical fibers from both 
cerebral hemispheres. This would account for the 
absence of muscular weakness in this patient with 
a left-sided hemiplegia. For a muscle to atrophy 
(except for disuse atrophy) the integrity of the 
monosynaptic reflex arc must be destroyed. This 
was not the case in this patient. 

7. The severe pain over the forehead and the 
right eye was due to irritation of the ophthalmic di­
vision of the trigeminal nerve by the slowly ex­
panding aneurysm of the internal carotid artery as 
it was lying in the cavernous sinus. The double vi­
sion (diplopia) and the lateral deviation of the 
right eye were due to the unopposed action of the 
lateral rectus muscle (supplied by the abducent 
nerve). The dilatation of the right pupil, with loss 
of direct and consensual light reflexes,  paralysis of 
accommodation, and paralysis of all right-sided 
ocular movement except laterally, were due to 
pressure on the right oculomotor nerve by the an­
eurysm. The nerve at this point is situated in the 
lateral wall of the cavernous sinus. Note that the 
lateral movement of the eyeball was accomplished 
by contracting the lateral rectus muscle (abducent 
nerve) and the inferolateral movement was due to 
the contraction of the superior oblique muscle 
(trochlear nerve). 

8. The Argyll Robertson pupil is a common 
finding in neurosyphilis, although it may occur in 
other diseases. The lesion is believed to be located 
where the pretectal fibers pass to the oculomotor 
nuclei on both sides of the midbrain. This les: 
effectively destroys the direct and consensual 



reflexes of both eyes but leaves the pathway for 
the accommodation reflex intact. (For detail of 
pathway, see p. 3 5 7 . ) 

9. a. Complete blindness of the right eye 
b. Bitemporal hemianopia 
c. Left homonymous hemianopia 
d. Left homonymous hemianopia 
e. Left homonymous hemianopia, usually with 

some macular sparing owing to the very 
large area of the cortex allotted to the 
macula 

10. The glossopharyngeal nerve supplies the 
posterior one-third of the tongue with fibers that 
subserve common sensations and taste. This may 
be tested easily. The vagus nerve, by means of its 
pharyngeal branch, supplies many muscles of the 
soft palate and these may be tested by asking the 
patient to say "ah" and observing that the uvula is 
elevated in the midline. Additional tests may be 
carried out by observing the movements of the 
vocal cords through a laryngoscope. 

The spinal part of the accessory nerve may be 
tested by asking the patient to shrug his shoulders 
by using the trapezius muscles or to rotate his 
head so that he looks upward to the opposite side 
by contracting the sternocleidomastoid muscles. 
Both these muscles are innervated by the spinal 
part of the accessory nerve. 

1 1 . It will be remembered that the afferent fibers 
entering the central nervous system through the 
trigeminal nerve pass either to the main sensory 
nucleus in the pons or to the spinal nucleus 
situated in the medulla oblongata and the first two 
cervical segments of the spinal cord . The sensa­
tions of touch and pressure are served by the main 
sensory nucleus, while those of pain and temper­
ature are served by the more inferiorly placed spi­
nal nucleus. In this patient, the lesion of syrin­
gomyelia was situated in the medulla oblongata 
and the cervical part of the spinal cord. 

The wrinkled, wasted right half of the tongue 
\ ' ·e pointing of the protruded tongue to the 
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right indicated a lesion of the right hypoglossal 
nerve at some point between its nucleus in the 
medulla oblongata and the tongue muscles 
supplied . This patient had advanced bronchogenic 
carcinoma of the right lung with numerous 
metastases in the deep cervical lymph nodes. One 
of the metastases had invaded the right hypoglos­
sal nerve. 

13 .  The physician grouped together the facial 
paralysis, the slurred speech, and the hyperten­
sion, and, in the absence of other findings, made 
the erroneous diagnosis of cerebral hemorrhage. 
Unfortunately ,  the physician had forgotten his 
neuroanatomy. A lesion of the corticonuclear 
fibers on one side of the brain will cause paralysis 
only of the muscles of the lower part of the oppo­
site side of the face. This patient had a complete 
paralysis of the entire right side of the face, which 
could be due only to a lesion of the lower motor 
neuron. The correct diagnosis was Bell's palsy, an 
inflammation of the connective tissue sheath of 
the facial nerve that recovers within 2 weeks in the 
majority of patients. 

14 .  The vagal nuclei are: (a) main motor nucleus, 
(b) parasympathetic nucleus, and (c) sensory nu­
cleus. The main motor and parasympathetic nuclei 
are controlled by both cerebral hemispheres, so 
that hemiplegia will have no effect on the move­
ment of the vocal cords. The vagal nuclei are 
practically continuous with the nuclei of the 
glossopharyngeal and accessory nerves and these 
usually are involved together in lesions of the 
medulla oblongata. 

Chapter 24 
1. This boy was suffering from Frohlich's syndrome 
secondary to a chromophobe adenoma of the an­
terior lobe of the hypophysis. This space­
occupying lesion had gradually eroded the sella 
turcica of the skull and had compressed the optic 
chiasma, producing bitemporal hemianopia. The 
size of the tumor was causing a raised intracranial 
pressure that was responsible for the headaches 
and attacks of vomiting. Pressure on the hypo-
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thalamus interfered with its function and resulted 
in the characteristic accumulation of fat in the 
trunk, especially the lower part of the abdomen. 
The hypogonadism and absence of secondary sex 
characteristics could have been due to pressure of 
the tumor on the hypothalamic nuclei and the con­
sequent loss of control on the anterior lobe of the 
hypophysis, or it may have been due to the direct 
effect of the tumor pressing on the neighboring 
cells of the anterior lobe of the hypophysis. 

2. This patient is now suffering from diabetes in­
sipidus. The condition was caused either by dam­
age to the posterior lobe of the hypophysis during 
removal of the anterior lobe or by surgical damage 
to the supraoptic nucleus of the hypothalamus or 
the hypothalamohypophyseal tract. In  any event, 
production of vasopressin was inhibited. It should 
be pointed out that surgical removal of the poste­
rior lobe of the hypophysis is usually not followed 
by diabetes insipidus, since the vasopressin pro­
duced by the supraoptic nucleus escapes directly 
into the bloodstream from the supraoptic nucleus. 
The action of vasopressin on the distal convoluted 
tubules of the kidney is fully explained on page 
402 . 

3. Hydrocephalus, caused by blocking the three 
foramina in the roof of the fourth ventricle or by 
blocking the cerebral aqueduct, will result in a rise 
in pressure in the third ventricle, with pressure on 
the hypothalamus. This pressure on the hypo­
thalamus, which is situated in the floor and lower 
part of the lateral walls of the third ventricle, if 
great enough, could easily cause malfunctioning of 
the hypothalamus. 

4. The hypothalamus is the main subcortical 
center regulating the parasympathetic and sym­
pathetic parts of the autonomic system. It exerts 
its influence through descending pathways in the 
reticular formation. 

5. The hypothalamohypophyseal tract is de­
scribed on page 402 and the hypophyseal portal 
system is described on page 403. Remember that 

the hypothalamus exerts its control over metabolic 
and visceral functions through the hypophysis 
cerebri and the autonomic system. 

Chapter 25 
1. As the result of holding onto the moving truck 
with the right hand, this man had sustained a se­
vere traction injury of the eighth cervical and first 
thoracic roots of the brachia! plexus. The various 
paralyzed forearm and hand muscles together with 
the sensory loss were characteristic of Klumpke's 
paralysis. In this case, the pull on the first thoracic 
nerve was so severe that the white ramus com­
municantes to the inferior cervical sympathetic 
ganglion was torn. This effectively cut off the pre­
ganglionic sympathetic fibers to the right side of 
the head and neck, causing a right-sided Homer's 
syndrome. This was exemplified by (a) constric­
tion of the pupil, (b) drooping of the upper lid , 
and (c) enophthalmos. The arteriolar vasodilata­
tion, due to loss of sympathetic vasonconstrictor 
fibers, was responsible for the red ,  hot cheek on 
the right side. The dryness of the skin of the right 
cheek also was due to loss of the sympathetic se­
cretomotor supply to the sweat glands. 

2 .  This 3-year-old boy has Hirschsprung's dis­
ease. This- is a congenital condition in which there 
is a failure of development of the myenteric plexus 
(Auerbach's plexus) in the distal part of the colon. 
The proximal part of the colon is normal but be­
comes greatly distended due to the accumulation 
of feces. In this patient, the lower pelvic colon, 
later at operation, was shown to have no parasym­
pathetic ganglion cells. Thus, this segment of the 
bowel had no peristalsis and effectively blocked 
the passage of feces. Once the diagnosis had been 
confirmed by taking a biopsy of the distal segment 
of the bowel, the treatment was to remove the 
aganglionic segment of the bowel by surgical re­
section. 

3. This patient has given a classic history of 
Raynaud's disease. The disease is much morF 
common in women than in men, especially tr 
who have a nervous disposition. The initial 



of the fingers is due to spasm of the digital ar­
terioles. The cyanosis that follows is due to local 
capillary dilatation due to accumulation of 
metabolites. Since there is no blood flow through 
the capillaries, there is an accumulation of 
deoxygenated hemoglobin within them. It is dur­
ing this period of prolonged cyanosis that the pa­
tient experiences severe aching pain. On exposing 
the fingers to warmth, the vasospasm disappears 
and oxygenated blood flows back into the very di­
lated capillaries. There is now a reactive 
hyperemia and an increase in the formation of tis­
sue fluid that is responsible for the swelling of the 
affected fingers. The sweating of the fingers during 
the attack probably is due to the excessive sym­
pathetic activity, which may be responsible in part 
for the arteriolar vasospasm. 

The arteries of the upper limb are innervated by 
sympathetic nerves. The preganglionic fibers 
originate from the cell bodies in the second to the 
eighth thoracic segments of the spinal cord . They 
ascend in the sympathetic trunk to synapse in the 
middle cervical, inferior cervical, and first thoracic 
or stellate ganglia. The postganglionic fibers join 
the nerves that form the brachia! plexus and are 
distributed to the digital arteries within the 
branches of the brachia! plexus. 

In this patient the attacks were relatively mild . 
The patient should be reassured and told to keep 
her hands warm as much as possible. However, 
should the condition worsen and should there de­
velop a possibility of gangrene of the fingertips, 
the operation of cervicothoracic preganglionic 
sympathectomy should be carried out. This would 
be followed by arterial vasodilaration with con­
sequent increase in blood flow to the fingers. 

4. This patient was suffering from gallstone colic. 
The visceral pain originated from the cystic duct 
or common bile duct and was due to stretching or 
spasm of the smooth muscle in its wall. The pain 
afferent fibers pass through the celiac ganglia and 
ascend in the greater splanchnic nerve to enter the 
�fth to the ninth thoracic segments of the spinal 

1 The pain was referred to the fifth through 
·ith thoracic dermatomes on the right side, 

5 0 1  

i .e . ,  to the skin over and inferior to the right 
scapula. For a full discussion of referred pain, see 
page 430. 

5 .  This patient has an Argyll-Robertson pupil, 
which is a small fixed pupil that does not react to 
light, but contracts with accommodation. The con­
dition usually is due to a syphilitic lesion. The in­
nervation of the iris is described on page 4 18.  The 
neurological lesion in this patient interrupted the 
fibers ;�nning from the pretecral nucleus to the 
parasympathetic nuclei of the oculomotor nerve 
on both sides. 

6. The urinary bladder is innervated by sym­
pathetic fibers from the first and second lumbar 
segments of the spinal cord and by parasympa­
thetic fibers from the second, third, and fourth 
sacral segments of the spinal cord. I n  this patient, 
the cauda equina was sectioned at the level of the 
third lumbar vertebra. This meant that the pre­
ganglionic sympathetic fibers that descend in the 
anterior roots of the first and second lumbar 
nerves were left intact since they leave the verte­
bral canal to form the appropriate spinal nerves 
above the level of the bullet. The preganglionic 
parasympathetic fibers were, however, sectioned 
as they descended in the vertebral canal within the 
anterior roots of the second, third, and fourth sa­
cral nerves. The patient would, therefore, have an 
autonomous bladder and would be without any 
external reflex control. The bladder would fill to 
capacity and then overflow. Micrurition could be 
activated by powerful contraction of the abdomi­
nal muscles by the patient, assisted by manual 
pressure on his anterior abdominal wall in the su­
prapubic region. 

7.  The sympathetic outflow refers to the origin 
of the preganglionic sympathetic fibers from the 
spinal cord from the first thoracic to the second 
lumbar segments. The parasympathetic outflow 
refers to the origin of the preganglionic parasym­
pathetic fibers in the cranial nerves 3 ,  7, 9, and 1 0, 
and the gray matter of the spinal cord at the level 
of the second, third, and fourth sacral segments. 
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8. The precise cause of essential hypertension is 
unknown. Nevertheless, the objective of the 
treatment is to lower the blood pressure and keep 
it, if possible, within normal limits before the 
complications of cerebral hemorrhage, renal fail­
ure, or heart failure develop. The best way to ac­
complish this is to bring about vasodilatation and 
lower the peripheral resistance of the circulatory 
system. Ganglion blocking agents, such as 
hexamethonium, act on parasympathetic and sym­
pathetic ganglia and remove the vasoconstrictor 
influence of the sympathetic part of the autonomic 
nervous system on the peripheral arterioles. They 
also reduce the tone of the smooth muscle in the 
walls of the veins, causing venous pooling and thus 
diminishing the return of the blood to the right 
side of the heart. The undesirable side effects are 
due to the blocking of the parasympathetic gan­
glia, which causes paralysis of ocular accommoda­
tion, impotence, dryness of the mouth, and con­
stipation.  

Guanethidine is a sympathetic blocking agent. It  
becomes concentrated at the postganglionic sym­
pathetic endings and blocks the release of 
norepinephrine from the nerve endings. Unfortu­
nately, it has side effects, such as inducing sleepi­
ness. 

9. (a) Acetylcholine, (b) acetylcholine, (c) acetyl­
choline, (d) norepinephrine, and (e) acetylcho­
line. 

10. Sympathetic endings that use norepinephrine 
as a transmitter substance are called adrenergic 
endings. There are two kinds of receptors called 
alpha and beta receptors for adrenergic endings. For 
details, see page 4 1 5 .  

Chapter 26 
1. Loss of function of the dominant hemisphere 
results in not only the loss of acquired skills of the 
dominant hand bur also the loss of certain mental 
functions. The degree of disability depends on the 
degree of dominance of one hemisphere over the 
other. A child's brain possesses a degree of flexi­
bility that is not present in the adult, so that good 
recoveries can be expected in the young child. 

The meninges and the cerebrospinal fluid afford 
a remarkable degree of protection to the delicate 
brain .  The dural partitions limit the extent of brain 
movement within the skull. 

The thin-walled cerebral veins are liable to be 
damaged during excessive movements of the brain 
relative to the skull, especially at the point where 
the veins join the dural venous sinuses. The 
thick-walled cerebral arteries are rarely damaged .  

The small diameter cranial nerves of long length 
are particularly prone to damage during head in­
juries. The trochlear, abducent, and oculomotor 
nerves are commonly injured.  

2 .  Meningiomas arise from the arachnoid villi 
found along the dural venous sinuses. They are, 
therefore, most commonly found along the 
superior sagittal sinus and the sphenoparietal 
sinuses. They are rare below the tentorium cere­
belli. 

3. The anterior facial vein,  the ophthalmic veins, 
and the cavernous sinus are in direct communica­
tion with one another. Infection of the skin of the 
face alongside the nose, ethmoidal sinusitis, and 
infection of the orbital contents may lead to 
thrombosis of the veins and ultimately cavernous 
sinus thrombosis. If untreated with antibiotics, 
this condition may be fatal, since the cavernous 
sinus drains many cerebral veins from the inferior 
surface of the brain. 

4. The internal carotid artery passes forward on 
the lateral surface of the body of the sphenoid 
within the cavernous sinus. An aneurysm of the 
artery may press on the abducent nerve and cause 
paralysis of the lateral rectus muscle. Further ex­
pansion of the aneurysm may cause compression 
of the oculomotor nerve and the ophthalmic divi­
sion of the trigeminal nerve as they lie in the lat­
eral wall of the cavernous sinus. This patient had 
left lateral recrus paralysis and paralysis of the left 
pupillary constrictor muscle owing to involvement 
of the abducent and oculomotor nerves resper 
tively. The slight anesthesia of the skin over 
left forehead was due to pressure on the or 
mic division of the left trigeminal nerve. � --=-�..&"'"-- ·. 

I 



5 .  The optic nerves are surrounded by sheaths 
derived from the pia mater, arachnoid mater, and 
dura mater. There is an extension of the intracra­
nial subarachnoid space forward around the optic 
nerve to the back of the eyeball. A rise in cerebro­
spinal fluid pressure due to an intracranial tumor 
will compress the thin walls of the retinal vein as it 
crosses the extension of the subarachnoid space. 
This will result in congestion of the retinal vein 
and bulging of the optic disc, involving both eyes . 

6. During the descent of the fetal head through 
the birth canal in labor, the bones of the calverium 
overlap, a process known as molding. If this pro­
cess is excessive or takes place too rapidly , as in 
malpresentations or in premature deliveries (when 
there is rapid birth of a small fetus), an abnormal 
strain is put on the falx cerebri. This stress in­
volves the superior sagittal sinus, especially if the 
anteroposterior compression is excessive, and the I 
sinus may tear where it joins the transverse sinus. 
The great cerebral vein also may tear. The result is 
either a subarachnoid or subdural hemorrhage 
with accompanying brain damage. 

7. The initial loss of consciousness was due to 
concussion or cerebral trauma. The swelling over 
the right temporalis and the X-ray finding of a 
fracture over the right middle meningeal artery 
were due to hemorrhage from the artery into the 
overlying muscle and soft tissue. This patient had 
an extradural hemorrhage. The right homolateral 
hemiplegia was due to the compression of the left 
cerebral peduncle against the edge of the ten­
torium cerebelli. This is unusual. A left hemiplegia 
due to pressure on the right precentral gyrus is 
more common. The right-sided, fixed, dilated 
pupil was due to the pressure on the right 
oculomotor nerve by the hippocampal gyrus, 
which had herniated through the tentorial notch. 

8. A subdural hematoma is an accumulation of 
blood clot in the interval between the meningeal 
layer of dura and the arachnoid mater. It results 
from tearing of the superior cerebral veins at their 
point of entrance into the superior sagittal sinus. 
The cause is usually a blow on the front or the 
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back of the head, causing excessive anteropos­
terior displacement of the brain within the skull. 

Chapter 27 
1 .  The circulus arteriosus lies within the sub­
arachnoid space at the base of the brain and essen­
tially is formed by the anastomosis of the two 
internal carotid and two vertebral arteries and 
their branches. The anterior communicating, the 
anterior cerebral, the internal carotid,  the poste­
rior communicating, the posterior cerebral, and 
the basilar arteries all contribute to the circle. The 
functional importance of the circle is that it pro­
vides a collateral circulation should one of the 
main arteries to the brain be temporarily or per­
manently occluded. The size of the various com­
ponents of the circle is subject to considerable 
variation, but small vessels can enlarge if there is a 
demand for an increased blood supply (see Cere­
bral Circulation for more detail, on p. 464). 

2 .  Once the terminal branches of the cerebral ar­
teries enter the brain substance, no further anas­
tomoses occur. Blockage of such end arteries by 
disease is quickly followed by neuronal death and 
necrosis. The surrounding neuroglia then usually 
proliferates and invades the area, producing a 
neuroglial scar or forming a cystic cavity. The fol­
lowing important anastomoses exist between the 
cerebral arteries: ( 1 )  the circulus arteriosus of 
Willis, (2)  anastomoses between the branches of 
the cerebral arteries on the surface of the cerebral 
hemispheres and the cerebellar hemispheres, and 
(3)  anastomoses between the branches of the 
internal and external carotid arteries: (a) at their 
origin at the common carotid artery, (b) at the 
anastomosis between the branches of the 
ophthalmic artery within the orbit and the facial 
and maxillary arteries, and (c) between the 
meningeal branches of the internal carotid artery 
and the middle meningeal artery. 

3. The work of McDonald and Potter m 195 1 
showed that the posterior communicating artery is 
the site where the streams of blood from the 
internal carotid and vertebral arteries on the same 
side come together, and since their pressures at 
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this point are equal, they do not mix. N everthe­
less, in clinical practice, good filling of the poste­
rior cerebral artery with radiopaque material with 
carotid angiography occurs in about 2 5  percent of 
patients. Slight filling also may be seen in other 
normal individuals. The variable results can be ex­
plained on the basis that the size of the arteries 
making up the arterial circle is subject to consider­
able variation and consequently the blood flow in 
different individuals may vary. 

4. The sudden severe headache followed by loss 
of consciousness is a common clinical finding in 
patients with a blockage of a cerebral artery. In­
traventricular hemorrhage associated with this 
condition is often responsible for the severe head­
ache. The depth of coma is related to the extent of 
the arterial blockage. The following signs indicate 
that the cerebral lesion occurred on the left side of 
the brain :  (a) paralysis of the lower part of the face 
on the right side, (b) the corneal reflex absent on 
the right side, (c) the patient's head and eyes 
turned to the side of the lesion, i .e . ,  to the left, (d) 
the muscle tone in the limbs initially diminished 
on the right side and then increased above normal n 
as the weeks pass, (e) the loss of the right ab-
dominal reflexes and the presence of a positive I f '  
Babinski response on the right side, and (f) the 
presence of right hemianesthesia. 

The following physical signs strongly suggested 
involvement of the left middle cerebral art��y or 
its branches: (a) The paralysis of the right side of 
the face and the right arm was more severe than 
that of the right leg; (b) aphasia. It will be re­
membered that the middle cerebral artery supplies 
the entire lateral surface of the hemisphere, ex­
cept for the narrow strip supplied by the anterior 
cerebral artery, the occipital pole, and the in­
ferolateral surface of the hemisphere, which are 
supplied by the posterior cerebral artery. Central 
branches supply the lentiform and caudate nuclei 
and the internal capsule. 

5. A history of a sudden collapse in an elderly 
woman, followed by coma and recovery of con­
sc10usness 24 hours later, with left-sided hemi-

plegia (mainly involving the leg) and left-sided 
hemianesthesia, is strongly suggestive of cere­
brovascular disease with a lesion involving the 
right cerebral hemisphere. The paralysis mainly 
involving the leg would indicate that the right an­
terior cerebral artery or one of its branches was 
blocked by a thrombus or embolus. 

6. The occlusion of the cortical branches of the 
left posterior cerebral artery will give rise to 
right-sided homonymous hemianopia because of 
the ischemia of the primary visual area in the cal­
carine fissure. The escape of the macular region 
could be accounted for by the overlapping of the 
arterial supply of this area of the occipital lobe by 
the left posterior and left middle cerebral arteries. 
The right-sided hemianesthesia and the severe 
burning pain in the right leg are referred to clinically 
as the ·thalamic syndrome and are due to occlusion 
of one of the central branches of the left posterior 
cerebral artery that supplies the sensory nuclei of 
the left thalamus. The presense of a mild fleeting 
right-sided hemiparesis could be explained by a 
temporary occlusion of a branch of the left poste­
rior cerebral artery to the left cerebral peduncle. 

7. Atheromatous plaques tend to occur at the 
following sites: (a) carotid sinus of the internal 
carotid artery at or just beyond the bifurcation of 
the common carotid artery, (b) the first main 
bifurcation of the middle cerebral artery, (c) 
where the vertebral arteries join to form the basi­
lar artery, ( d) where the anterior cerebral artery 
curves superiorly and posteriorly over the genu of 
the corpus callosum, (e) where the posterior cere­
bral artery passes around the lateral side of the ce­
rebral peduncle. 

8. A stroke may be defined as a sudden develop­
ment of a neurological defect, usually associated 
with the development of some degree of hemi­
plegia and sometimes accompanied by uncon­
sciousness; it is usually caused by a cerebrovascu­
lar accident. The symptoms and signs will depend 
on the cause of the interruption of cerebral blood 
flow and the size of the artery involved. For exam-



ple, cerebral embolism or cerebral hemorrhage is 
a sudden event, whereas the development of ath­
erosclerosis in a patient with hypertension is a 
slow process that suddenly may become worse 
when thrombosis occurs at the site of the ath­
eromatous plaque. Hemiplegia is the most com­
mon sign, but many additional sensory defects 
may develop that will depend on the artery 
blocked, for example, hemianesthesia, hemi­
anopia, dysphasia, and dysarthria. 

9. Occlusion of the middle cerebral artery or its 
branches can produce, in addition to paralysis of 
the muscles of the opposite side of the body, con­
tralateral hemianesthesia owing to ischemia of the 
postcentral gyrus and homonymous hemianopia 
owing to ischemia of the optic radiation. 

Occlusion of the anterior cerebral artery or its 
branches may produce contralateral sensory loss 
of the leg, feet, and toes owing to ischemia of the 
leg area of the cerebral cortex. Occlusion of the 
posterior cerebral artery or its branches may pro­
duce contralateral homonymous hemianopia ow­
ing to ischemia of the primary visual area in the 
region of the calcarine fissure. If the branches to 
the thalamus also are blocked, there will, in addi­
tion, be contralateral hemianesthia and possibly 
the development of severe pain in the same areas. 

The above sensory deficits are the main ones 
seen. The degree of sensory involvement will de­
pend on the size and number of branches of the 
artery occluded. 

10. The internal carotid and the basilar arteries 
are equally affected by disease. The internal 
carotid artery supplies predominantly one cerebral 
hemisphere through the anterior cerebral and 
middle cerebral branches and ,  therefore, occlu­
sion of the internal carotid artery will produce 
contralateral hemiplegia, hemianesthesia, hemi­
anopia, and aphasia and agnosia, depending on 
whether the dominant hemisphere is involved. 
On the other hand, the basilar artery contributes 
to the blood supply of both sides of the brain 
through the two posterior cerebral arteries and the 
many branches to both sides of the brainstem. 
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Consequently, occlusion of  the basilar artery will 
result in bilateral motor and sensory losses and in­
volvement of the cranial nerves and cerebellum on 
both sides of the body. 

1 1 . The dominant hemisphere possesses the lan­
guage function. In right-handed individuals (and in 
some left-handed persons) language is a function 
of the left hemisphere. A cerebrovascular accident 
involving the middle cerebral artery on the left 
side will, therefore, be more serious than one on 
the right side, since it will involve the cortical 
speech area and cause a total sensory motor 
aphasia. In the individuals who have a dominant 
right hemisphere, the reverse occurs. 

12 .  The middle cerebral artery, in addition to 
giving off cortical branches, gives off central 
branches that supply part of the posterior limb of 
the internal capsule and the optic radiation. Occlu­
sion of these branches will cause contralateral 
homonymous hemianopia. 

13 .  Since so many important ascending and de­
scending tracts travel in the internal capsule, an 
occlusion of its blood supply would produce a 
widespread neurological deficit. The internal cap­
sule is supplied by the medial and lateral striate 
central branches of the middle cerebral artery and 
by the central branches of the anterior cerebral 
artery. 

14. This patient has the symptoms of the carotid 
sinus syndrome. For a full description of this syn­
drome, see page 465 .  

1 5 .  I t  has been estimated that irreversible 
changes start to occur in the cerebral nervous tis­
sue about 2 minutes following the complete arrest 
of cerebral blood flow. (This figure may be larger 
if the patient's body has been cooled.)  

16. The impairment of vision of the right eye with 
motor symptoms in the left leg strongly suggests 
partial occlusion of the right internal carotid ar­
tery. When these are coupled with impairment of 
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memory and a systolic bruit over the right internal 
carotid artery, the diagnosis is almost certain. The 
right-sided headaches are also common symptoms 
in this condition. A right-sided carotid angiogram 
confirmed the presence of extreme narrowing of 
the internal carotid artery at its origin. Ophthal­
modynamometric measurements showed dimin­
ished retinal arterial pressure on the right side 
owing to diminished pressure in the right oph­
thalmic artery. 

17 .  This patient had a congenital aneurysm of the 
anterior communicating artery. The sudden onset 
of a severe headache, which is often so dramatic 
that the patient

. 
feels that he has been hit on the 

head, is characteristic of rupture of a congenital 
aneurysm into the subarachnoid space. The stiff or 
rigid neck is due to meningeal irritation caused by 
the presence of blood in the subarachnoid space. 
This patient had no evidence of previous pressure 
on the optic nerve leading to unilateral visual de­
fect, which sometimes occurs when the aneurysm 
is situated on the anterior part of the Circle of 
Willis. The loss of tone in the left leg muscles is 
difficult to explain, although it may be due to the 
sudden hemorrhage into the subarachnoid space 
causing damage to the right cerebral hemisphere. 

18 .  This patient had a right-sided extradural 
hemorrhage due to a fracture of the anterior part 
of the parietal bone, which tore the anterior divi­
sion of the right middle meningeal artery. The 
history of the patient being found unconscious, 
then recovering consciousness for a period only to 
relapse into unconsciousness, is a characteristic 
finding. The initial trauma usually is responsible 
for the initial loss of consciousness. The relapse 
into an unconscious state is due to the accumula­
tion of a large blood clot under arterial pressure 
outside the meningeal layer of dura. This is re­
sponsible for the dilated pupil on the right side 
due to indirect pressure on the right oculomotor 
nerve. The pressure on the right precentral gyrus 

causes the hemiplegia and weakness of the left leg; 
it also causes the positive Babinski sign on the 
left side. The presence of a large blood clot in the 
intracranial cavity is responsible for the raised ce­
rebrospinal fluid pressure. The slight blood stain­
ing of the fluid obtained from a lumbar puncture 
was due to a small leakage of blood from the ex­
tradural space into the subarachnoid space at the 
fracture site. 

1 9. This patient had a chronic subdural hematoma 
following trauma to the head 3 weeks previ­
ously. This resulted from one of the superior ce­
rebral veins tearing at its point of entrance into the 
superior sagittal sinus. The blood accumulated 
under low pressure between the dura and the 
arachnoid . The headaches, drowsiness, and mental 
confusion were due to the raised intracranial pres­
sure. The blood clot could be seen easily on the 
computerized axial tomogram. The blood clot was 
successfully removed through a bur hole in the 
skull and the patient had no further symptoms. 

20. The history of hypertension, sudden onset of 
severe headache, slurring of speech, right lower 
facial weakness, right-sided hemiplegia, right 
positive Babinski sign, right-sided hemianesthesia, 
and deviation of the eyes to the left side are all 
diagnostic of a cerebrovascular accident involving 
the left cerebral hemisphere. The perforating 
central branches of the left middle cerebral artery 
were found at autopsy to be extensively affected 
by atherosclerosis. One of these arteries had rup­
tured, resulting in a large hemorrhage into the left 
lentiform nucleus and left internal capsule. The 
combination of hypertension and atherosclerotic 
degeneration of the artery was responsible for the 
fatal hemorrhage. The dilated fixed pupils, the ir­
regularity in breathing, and, finally, death were 
due to the raised pressure within the hemisphere 
causing downward pressure effects within the 
brainstem. 



Abdominal muscles, superficial, 
140 

Abdominal reflexes, with cortico­
spinal tract lesions, 3 3 5 

Abdominal wall muscles, segmental 
innervation of, 1 46 

Abducent nerve, 10, 1 2, 1 70,  1 8 1 ,  
182 ,  1 84, 197, 365-367,  
436, 439, 44 1 , 442 

clinical examination of, 3 8 1 ,  382 
distribution of, 366 
nucleus of, 1 77 ,  1 8 1 ,  1 84 ,  1 86, 

1 87 , 2 1 0, 3 66, 367, 368, 
370 

central connections of, 366 
fibers to,  3 70 
motor, 1 77 ,  2 1 0  
relationship to facial nerve nu­

clei, 2 1 0 
Absolute refractory period, in 

nerve impulse conduction, 
102,  1 1 1 ,  478  

Accessory nerve, 9, 1 0, 1 2 , 1 70, 
1 82 , 374-375 ,  377 , 436 

clinical examination of, 385 
cranial part of, 1 70, 1 78 ,  3 74,  

377 ,  378  
distribution of, 3 7 8 

to sternocleidomastoid muscle, 
1 5 3 ,  1 56, 3 7 5 ,  378 

to trapezius muscle, 1 5 3 ,  1 56 ,  
3 7 5 ,  378  

nuclei of, 1 5 5 ,  1 56,  374- 3 7 5 ,  
377  

central connections of, 3 7 7  
nucleus ambiguus of, 1 7 7  
spinal part of, 9 ,  1 2 ,  1 70, 1 73 ,  

1 97 ,  3 74-3 7 5 ,  377 ,  378, 
387, 398, 499 

Accessory parasympathetic nucleus, 
of oculomoror nerve, 2 1 7,  
357,  3 58,  3 59, 3 6 1 ,  362 

Accommodation reflex, 3 5 7-359, 
426-427 

Acetic acid, 4 1 4  
Acetylcholine, 69, 70, 409, 4 1 3, 

476 

Index 

Acety lcholi ne-C ontinued 
acetylcholinesterase affecting, 66 
in autonomic nervous system, 

409, 4 1 3 , 4 1 4, 4 1 5  
cholinesterases destroying, L 34 
distribution of, 66-67 
in skeletal muscle innervation, 

1 28 
in smooth muscle innervation, 

1 30 
Acetylcholinesterase, 66 

at motor end-plate, 1 28 
in sarcolemma, 1 28 

Achilles tendon reflex, 1 40 
Acinus, glandular, nerve fiber end­

ing at, 1 3 1 ,  1 32 
Acoustic mearus, internal, vestibu­

lar ganglion in, 368 
Acoustic nerve. See Ves­

tibulocochlear nerve 
Acoustic radiation, of internal cap­

sule, 370, 3 7 1  
ACTH, 403, 404 
Action potential, 57 ,  1 00, 103  

of  cerebral cortex, 270  
Acuity, visual, 38 1  
Adenoma, chromophobe, of  pitu­

itary, 23 1 
Adhesions, in subarachnoid space, 

2 1 1 , 489 
Adiposogenital dystrophy syn­

drome, 23 1 
Adrenal gland.  See Suprarenal gland 
Adrenergic nerve endings, 4 1 5-

4 16, 502 
alpha receptors for, 4 1 5-4 16 ,  

433  
beta receptors for, 4 1 5-4 1 6, 433 

Adrenocorticotropic hormone, 403, 
404 

Afferent (sensory) nerve fibers, 26, 
97, 144,  1 7 1 ,  305, 3 1 6,  
3 32 , 399, 4 1 0 

of cerebellum, 193 ,  1 9 5 ,  1 96, 
1 99-200, 343-348 

from cerebral cortex, 343-
344, 346 

Afferent (sensory) nerve fibers, of 
cerebellum-Continued 

from spinal cord, 344-348 
from vestibular nerve, 348 

cerebral, 260 
consciousness affected by infor­

mation from, 305-3 1 2 , 
3 1 5 , 3 1 6  

from cutaneous organs, 3 1 5  
endings of receprors, 1 3 5- 1 36 ,  

306, 480. See also Recep­
tor endings 

entering spinal cord, 305 ,  3 33 .  
See also Ascending tracts of 
spinal cord 

ganglia of. See Sensory ganglia 
of hippocampus, 278 
of hypothalamus, 397, 40 1 ,  402. 

See also Hypothalamus, 
afferent connections of 

in jury of, taste bud atrophy after, 
1 09 

multiple branching of, 3 3 3  
ro muscles, 1 2 5  
nuclei of. See Sensory nucleus 
parasympathetic, 4 1 2  
i n  posterior root ganglion, 97 ,  

1 7 1 ,  399. See also Poste­
rior root ganglion, spinal 

from proprioceptive organs, 
3 1 5  

roots of. See Sensory root 
in simple reflex arc, 1 22 ,  1 26 ,  

1 4 1  
ro skin, 148,  482-483 
and spinovisual reflexes, 307, 

3 1 5  
sympathetic, 4 1 0  
of thalamus, 394 
trigeminal nerve components, 

360, 362 ,  364 
ro urinary bladder, 429 

Aging, neuronal degeneration in,  
1 08 

Agnosia, acoustic verbal, 270 
Agranular heterotypical areas, of 

cerebral cortex, 2 6 1  

5 07 
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Air sinus 
frontal, 442 
sphenoidal, 44 1 

Ala, of cerebellum, 1 92 
Alar plate, 1 69, 1 7 1 ,  399 
Alpha adrenergic receptors, 4 1 5-

4 1 6, 433 ,  502 
Alpha anterior horn cells, in simple 

reflex arc, 1 26 
Alpha efferent neurons, 1 5 1 ,  324, 

332 
Alpha rhythm, 270  
Alveolar nerve, 365  
Alveus, of  hippocampus, 242 ,  246, 

2 7 5 , 276, 278  
Ampullae, of  semicircular ducts, 3 72 
Amygdalohypothalamic fibers, 397 
Amygdaloid body, 276  
Amygdaloid nucleus, 23 ,  242 ,  243,  

244, 2 7 5  
destruction of, 280 

Amyotrophic lateral sclerosis, 1 49, 
484 

Anal canal sphincters, autonomic 
innervation of, 424 

Analgesia, caudal, 33, 472 
Anastomotic vein, superior, 454 
Anemia, pernicious, sensory loss in, 

3 18 
Anesthesia 

caudal, 33  
for childbirth, 4 1 ,  472  
local, 1 1 1  

Aneurysms 
carotid artery, internal, 386-387,  

446, 498, 502 
cerebral, 466 
congenital, 466, 506 

Angiography. See Arteriography 
Angular artery, 4 5 7 
A nkle j erk reflex, 1 40 
Ankle j oint, flexion of, 32  
Annulospiral endings, 1 2 1 - 1 22, 

1 23,  1 24 
Anosmia, 3 8 1 ,  385-386, 498 
Ansa cervicalis, 380 
Anterior commissure, cerebral. See 

Commissures, cerebral 
Anterior gray column. See Gray 

columns of spinal cord, 
anterior 

Anterior lobe of cerebellum, 1 89, 
1 9 1 ,  1 92 

Anterior nuclei of thalamus, 225 ,  
2 7 5 , 276, 389, 390, 392 

Anterior root. See Spinal nerves, 
root(s) of, anterior or 
motor 

Anterior white column. See White 
columns of spinal cord, 
anterior 

Anterograde transneuronal degen­
eration, 108 

Anticholinesterases, 1 34 
Antidiuretic function, of vasopres­

sin, 402 
Anulus fibrosus, 30 

rupture of, 32 
Anus, 424 
Aorta, 376 
Aortic arch, 427 
Aortic plexus, 424 
Apertures, in roof of fourth ventri­

cle. See Fourth ventricle, 
roof of 

Aphasia, expressive, 268 
Aponeurosis, epicranial, 1 0, 436 
Apparatus, Golgi, 48, 49, 50, 5 5 ,  

77 , 8 1  
Aqueduct 

cerebral. See Cerebral aqueduct 
of Sylvius. See Cerebral aqueduct 

Arachnoid mater, 294, 302, 437,  
444 

cells of, 293 
cerebral, 4, 5, 10, 284, 288, 290, 

293, 294, 436, 44 1 , 443, 
444, 445 

at cerebral artery, 294 
at optic nerve, 294, 443, 444 
of spinal cord, 2 ,  4 ,  7, 28, 30, 34, 

1 5 1 ,  1 52 ,  1 59- 1 60, 284,  
294 

at spinal nerve root, 294 
and subarachnoid space. See Sub­

arachnoid space 
at trigeminal nerve, 294 

Arachnoid villi, 439, 443 
cerebrospinal fluid in, 1 60, 292 
granulations of, 1 0, 284 ,  293,  

436, 442, 443 , 445 
cerebrospinal fluid absorption 

through, 292 
magnified view of, 293 

Arbor vitae, of cerebellum, 1 89, 
1 95 

Arches 
of atlas, 461  
vertebral, 32 ,  34, 35 ,  461  

Archicerebellum, 1 89, 1 9 7  

Arcuate fibers 
external, 3 1 2  

anterior, 1 69, 1 7 7  
posterior, 1 96,  3 1 4  

internal, 1 7 2 ,  1 7 3 ,  1 74 ,  3 1 1 , 
3 12 ,  398 

Arcuate ligament, 30 
Arcuate nuclei, of medulla oblon­

gata, 1 7 5 , 1 76- 1 77 ,  400 
Area vestibuli, 1 5 , 1 7 ,  1 70, 1 8 1 ,  

183 , 208, 266, 39 1 
Argyll Robenson pupil, 3 87, 

428-429, 498-499, 5 0 1  
Arm. See Upper limbs 
Arnold-Chiari phenomenon, 1 78 ,  

486 
Arrector pili muscle, 1 18 
Arteriograph y 

carotid, 506 
anteroposterior internal, 

4 5 8-459 
lateral internal, 4 56-4 5 7 

cerebral, 456-463,  466-467 
vertebral 

anteroposterior, 462-463 
lateral, 460-46 1 

Artery (arteries) 
basilar. See Basilar artery 
blockage of lumen of, 465-466 
of brain, 449-4 5 5 
carotid. See Carotid artery 
cerebellar. See Cerebellar artery 
cerebral. See Cerebral artery 
choroidal, 2 5 0, 449, 4 5 9  
communicating, 44 1 ,  449, 450, 

4 5 1 , 46 1 , 467, 503-504, 
506 

to corpus striatum, 4 5 5 
diseases of, 465 

sympathectomy in,  430 
intermittent claudication of, 430 
to internal capsule, 4 5 5 
labyrinthine, 45 1 ,  4 5 3  
lenticulostriate, 4 5 9  

rupture of, 38  
of  lower limbs, autonomic inner­

vation of, 426, 427 
medullary, 1 78 - 1 79, 453, 4 5 5  
meningeal, 438,  4 4 5 ,  4 5 9  

hemorrhage from injuries to, 
36 

to midbrain, 4 5 5  
ophthalmic, 449, 4 5 0, 4 5 7  
to pons, 187 , 45 1 , 4 5 3 , 4 5 5 , 463 
radicular, 1 60, 1 6 1 ,  1 62 



Artery (arteries)-C ontinued 
Raynaud's disease of, 39, 430, 

500-50 1  
spinal, 1 60, 1 6 1 ,  1 62 , 45 1 , 463 
to thalamus, 4 5 5 
of upper limb, autonomic inner­

vation of, 426, 427 
vertebral. See Vertebral arteries 

Articular process, vertebral, 30 
Ascending artery 

palatine, 457  
pharyngeal, 438  

Ascending tracts of  spinal cord, 88 ,  
305-3 1 9. See also Afferent 
(sensory) nerve fibers 

anatomical organization of, 
305-3 1 4  

i n  anterior white column, l 5 8  
clinical notes on, 3 1 6-3 1 8  
clinical problems on, 3 1 9  

answers to, 494-495 
cuneocerebellar, 3 1 1 , 3 1 2 ,  3 1 4  
discriminative touch pathway in, 

307, 309, 3 1 1 , 3 1 2  
exteroceptive information con­

ducted in, 305 
fasciculus cune.atus, 1 54 ,  1 5  7, 

1 58, 1 72 ,  1 7 3 ,  1 74 ,  307 ,  
309, 3 1 1 , 3 1 2 , 398 

injury to, 3 1 7  
fasciculus gracilis, l 54,  1 5  7,  1 58 ,  

172 ,  1 7 3 ,  1 74 ,  307,  309, 
3 1 1 , 3 1 2 , 398 

in jury to, 3 1 7 
first-order neurons in, 305 ,  3 5 3  
functions of, 305 
inj ury to, 3 1 6-3 1 7  
i n  lateral white column, 1 5  7 -

1 58 
light touch and pressure path­

ways in, 307, 309, 3 1 0 
muscle sense pathways in, 307 ,  

309, 3 1 1 , 3 1 2-3 1 4  
pain and temperature pathways 

in, 305-309 
in posterior white column,  1 5  7 ,  

309, 3 1 1 , 3 1 2  
posterolateral tract o f  Lissauer, 

1 5 7 ,  1 58 ,  307 ,  308, 309, 
3 1 0  

proprioceptive information con­
ducted in, 305 ,  307 

second-order neurons in, 305 ,  
3 5 3  

simplest form of, 306 

Ascending tracts of spinal cord 
-Continued 

spinocerebellar. See 
Spinocerebellar tract 

spino-olivary, 1 5 7,  1 58, 1 7 2, 
307, 3 1 4, 3 1 5 , 3 3 1 

spinoreticular, 1 58, 3 14 ,  3 l 5 
spinotecral, 1 5 7,  1 58 ,  1 72 ,  307, 

3 14 , 3 1 5  
spinothalamic. See Spinorhalamic 

tract 
syringomyelia affecting, 3 1 8  
rabes dorsalis affecting, 3 1 7-3 1 8  
third-order neurons in, 305 ,  3 5 3  
i n  thoracic region, 88 
vibratory sense pathway in, 307, 

309, 3 1 1 , 3 1 2  
visceral, 3 1 4 
in white matter of spinal cord , 

1 5 7- 1 5 8  
Association areas, o f  cerebral cor­

tex, 266-26 7 
lesions of, 269 
somesthetic, 265 ,  269 

Association fibers, of cerebral 
hemispheres, 244, 248-
249, 267 

long, 248 
short, 248 

Astereognosis, 269 
Astrocytes, 7 3 ,  7 5 ,  84 

cell membrane of, 77  
cytoplasm of, 77  
fibrous, 73,  74 ,  7 5  

i n  gray matter o f  spinal cord, 
7 5  

foot processes of, 7 5 ,  300, 302 
function of, 7 3 ,  76, 84 
nucleus of, 77 
processes of, 302 
protoplasmic, 73, 74, 76, 77 
reaction to neuronal inj ury, 76, 

84 
in replacement gliosis, 76, 84 
tumors of, 84, 187 

Astrocytoma, 84, 1 87 
Astrocytosis, 84, 476 
Ataxia 

in cerebellar dysfunction, 200-
201 

Friedreich's, 39-40, 497 
Atherosclerosis, of cerebral ar­

teries, 468, 504 
Athetosis, 147 ,  336-337 ,  34 1 ,  497 
Atlas, 27 

Atlas-Continued 
anterior arch of. 46 l 
postenor arch of, 46 l 
transverse process of, 9, 463 
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Aronic bladder, 429 
Amoventricular nodes, 420, 4 2 1  
Atrophy 

gennal, in hypothalamus d ys­
function, 23 1 

muscular, 108- l 09, 1 36, 3 36, 
482 

Atropine, 4 l 5 ,  4 1 6  
action on neuromuscular j unc­

tion, l 3 5 
and blood-brain barrier, 303 
as synaptic blocking agent, 69 

Aud itory area. of cerebral cortex, 
3 70, 3 7 l .  493 

primary, 263, 266 
lesions of, 269-2 70 

secondary, 263, 266 
lesions of, 270 

Auditory radianon, 247, 266 
Auerbach plexus, 4 1 2 ,  422 
Auricular arrery, posterior, 4 5 7 
Auricular muscles, facial nerve to, 

368 
Auricular nerve, posterior, 369 
Auriculoremporal nerve, 365 ,  420 
Autonomic nervous system, l ,  

38-39, 40, 409-43 3 , 47 1 
abnormal function of, 39 
acetylcholine release at synapses 

of, 409, 4 1 3 , 4 1 4 ,  4 1 5  
afferent nerve fibers 

parasympathetic, 4 1 2 
sympathetic, 4 1 0 

causalgia, 4 3 1  
clinical notes on, 428-4 3 1  
clinical problems on, 43 1-4 3 3  

answers to, 500-502 
degeneration and regeneration 

of, 428 
descending fibers of, 32 1 ,  330, 

367,  372 ,  3 7 3 , 3 7 5  
in lateral white column, l 58-

1 59 
diseases involving, 428-429 
efferent nerve fibers of, 4 l l 

parasympathetic, 4 1 0-4 1 2, 4 1 5  
sympathetic, 409-4 l 0 ,  4 1 5  

functions of, 4 1 6-4 1 7 
ganglia of, 26, 29, 99, 4 1 2-4 1 3  

blocking agents affecting, 4 1 3, 
4 14 
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Autonomic nervous system, ganglia 
of-Continued 

capsular cells of, 99 
as integrator, 4 14 
pharmacology of, 4 1 3  
satellite cells in, 1 1 1 , 4 77  
structure of, 4 12-4 1 3  
sympathetic, 4 14 

higher control of, 4 1 2  
hypothalamus controlling, 403-

404, 407, 4 1 2 , 4 1 3  ' 
important innervations of, 4 1 8-

426 
spinal cord in juries affecting, 

429-430 
parasympathetic division of, 1 ,  

409, 4 1 0-4 1 2, 4 1 7 .  See 
also Parasympathetic ner­
vous system 

physiological reflexes involving, 
426-428 

postganglionic nerve fibers of, 
4 10 , 4 1 1 , 4 1 2, 4 14, 433 .  
See also Postganglionic 
nerve fibers 

preganglionic nerve fibers of, 
3 6 1 , 409-4 1 2, 4 14, 4 3 3  

in smooth muscle innervation, 
1 30 

sympathetic division of, 1 ,  409-
4 10,  4 1 6. See also Sym­
pathetic nervous system or 
trunk 

synaptic blocking agents affect­
ing, 68-69, 70 

Autonomic neuromuscular j unc-
tion, 1 3 1  

Autonomic reflex bladder, 429 
Axillary nerve, 1 00 
Axis, cervical, 2 7 

transverse process of, 9 
Axoaxonic synapse, 6 1 ,  64 
Axodendritic synapse, 6 1 ,  62,  63 ,  

64, 65 
with dendritic spine, 64 

Axolemma, 6 1 ,  9 1  
Axon(s), 1 ,  43 ,  44, 4 5 ,  49, 59 ,  6 1 ,  

92 , 94, 1 04 
of bulbous corpuscle of Krause, 

1 22 
cut, 80, 89 
cytoplasm of, 6 1 ,  70, 9 1  
expanded ending of, 1 16 
filament of, 1 04 
fragmented, 1 04, 1 07 

Axon(s)-Continued 
growing along endoneurial tubes, 

1 07 
hillock of neurons, 44, 4 5 ,  49, 

52, 59 
injury of, 68, 103-105  

and band fiber formation, 103 ,  
104 

cell body changes from, 1 03-
1 05 ,  106 

chromatolysis after, 1 05 ,  1 06 
distal segment changes from, 

1 03 ,  1 04 
neuroma formation after, 

1 06- 1 07 
proximal segment changes 

from, 103 ,  104 
Wallerian degeneration from, 

1 03 
mitochondria of, 65 ,  1 30 
in motor unit, 1 4 1  

and cross section of end-plate, 
1 30 

multiple fine sprouts or filaments 
of, 1 04 

myelinated 
in central nervous system, 90 
electrical changes in, 1 02 
in peripheral nervous system, 

9 1 ,  93, 96 
at neuromuscular j unction, 1 26, 

1 27 ,  1 30, 1 3 1  
new filament of, 1 04 
nonmyelinated, 92-95 

in central nervous system, 90, 
94-95 

electrical changes in, 1 02 
at glandular acini, 1 3  1 
at neuromuscular j unction, 

1 30, 1 3 1  
in neurotendinous spindle, 1 2 5  
o f  Pacinian corpuscle, 1 2 1  
in peripheral nervous system, 

92-94 
processes of, 94 

plasma membrane of, 6 1 ,  9 1  
presynaptic vesicles of, 63,  1 30 
Purkinje  cells, 1 93 ,  1 94,  345 
regeneration of, 1 04, 1 0 5 - 1 08 

in central nervous system, 
1 05 - 106, 1 1 3 ,  479-480 

in peripheral nerves, 1 05 ,  
1 06- 1 08 

terminals or boutons terminaux 
of, 6 1 ,  63,  65 ,  1 29 

Axon(s)-C ontinued 
in trough of folded sarcolemma, 

1 30 
Axonotmesis, 1 09 
Axoplasm, 6 1 ,  70,  9 1  
Axoplasmic flow, 6 1 ,  70 
Axosomatic synapses, 6 1 ,  64 

Back, deep muscles of, in main­
taining postural curves, 
1 42 

Bacterial toxins, affecting 
neuromuscular junctions, 
1 34,  1 36 

Baillarger band, 2 5 9-260, 26 1 ,  
265 

Bainbridge right atrial reflex, 428 
Band fiber, 1 1 2 

formation after axon injury, 1 03 ,  
1 04 

Baroreceptors, 1 1 5 
Barr body, 44, 70,  4 7 5  
Barrier 

blood-brain. See Blood-brain bar­
rier 

blood-cerebrospinal fluid. See 
Blood-cerebrospinal fluid 
barrier 

Basal cell, 3 5 5 
Basal nuclei, of cerebral hemi­

spheres, 20, 240, 242-
244, 2 56, 49 l 

clinical notes of, 2 5 1  
Basal plate, of neural tube, 1 69 ,  

1 7 1 ,  399 
Basal vein, 454,  4 5 5  
Basement membrane, 29 1 ,  300, 

302 
endothelial, 3 0 1  
epithelial, 3 0 1  
filling synaptic cleft, 1 27 ,  1 28 
of Schwann cell, 9 1  

Basilar artery, 4 5 0, 45 1 ,  4 5 3-45 5 ,  
46 1 , 463,  505  

branches of, 4 5 3-4 5 5  
anterior inferior cerebellar ar-

tery, 4 5 3  
choroidal, 2 50, 449, 4 5 9  
labyrinthine, 45 1 ,  4 5 3  
pontine, 1 8 7 ,  4 5 1 ,  4 5 3 ,  4 5 5 ,  

463 
posterior cerebral artery, 

453-45 5 
superior cerebellar artery, 4 5 3  

groove for, 1 8 1 ,  1 8 2 ,  1 84,  1 86 



Basis pedunculi, of mid brain. See 
Crus cerebri 

Basivertebral vein, 4 
Basker cells, 193 ,  1 94,  1 97 ,  199,  

345 
Behavior, hypothalamus affecring, 

405 
Bell's palsy, 1 1 0, 1 1 2 ,  4 78-479,  

499 
Benedikt's syndrome, 2 1 8, 2 1 9 
Benzoquinonium, 1 3  3, 4 8 1 -482 
Bera receprors, 4 1 5 -4 1 6, 433 ,  502 
Bera rhyrhm, 270  
Berz cells, 25 7 
Biceps brachii muscle, segmental 

innervation of, 1 39, 1 40,  
146 

Binocular vision, 3 5 7 
Bipolar neurons, 43 ,  45  

in vision, 357  
Birth 

anesrhesia for, 33 ,  4 1 , 472 
rrauma in, 446-447, 503  

Bladder, urinary. See Urinary blad­
der 

Blindness, 3 8 1  
circumferential, 3 8 1 ,  382 
roral, from opric nerve division, 

38 1 ,  382 
Blocking agents, 1 36, 4 8 1 -482 

ganglionic, 69, 70, 4 1 3, 4 14 ,  
476 

neuromuscular, 1 33- 1 3 5 
posrgariglionic, 4 1 6  
synaptic, 68-69, 70 

Blood, 2 9 1  
red cells i n ,  300 
viscosiry of, changes in, 465 

Blood-brain barrier, 299, 303-304,  
494 

asrrocyre role in, 76 
and brain rrauma, 303 
in capillary of central nervous 

system, 300 
clinical nores on, 303 
clinical problems on, 303-304 

answers ro, 494 
drugs in, 303 
funcrional significance of, 303 
srrucrure of, 299 

Blood-cerebrospinal fluid barrier, 
30 1 , 494 

clinical nores on, 303 
funcrional significance of, 303  
srrucrure of, 30 1 

Blood pressure 
diseases affecting, 464-465 
hypertension, 432, 470, 502, 506 

symparhecromy in, 430 
hyporension, posrural, 465 

Blood supply. See Artery (arteries); 
Capillary; Vein(s) 

of brain, 290, 449-470. See also 
Brain, blood supply of 

of cerebellum, 4 5 5 
of choroid plexus, 250, 283 ,  287 
of corpus srriarum, 4 5 5  
o f  dura marer o f  brain, 4 3 8  
o f  eyes, examinarion o f  vessels 

in, 3 8 1  
o f  internal capsule, 4 5 5 ,  468, 505 

disorders of, 2 5 1 ,  256 
of  medulla oblongara, 1 78 ,  1 79, 

453 , 4 5 5  
of midbrain, 2 1 8, 4 5 5  
o f  peripheral nerves, 1 1 1  
of pons, 187 , 4 5 5  

disorders of, 1 8 7 ,  1 8 8  
o f  spinal cord, 1 60, 1 6 1 - 1 62 ,  

1 66, 485 
and symparheric nerve acriviry, 

4 1 5  
of rela choroidea, 2 5 0, 283 
of thalamus, 4 5 5 

Body 
amygdaloid, 276 
Barr, 44,  70,  475 
carorid ,  3 7 4 
cell body of neurons. See Neu'­

ron(s), cell body of 
dense, of neurons, 49 
of fornix, 224, 24 1 ,  242, 246, 

276, 286, 289, 390 
geniculare. See Geniculare body 
of lateral ventricle, 24, 240, 24 1 ,  

242, 243, 2 5 3, 2 5 5 , 283 ,  
285  

mammillary, 12 ,  14 ,  1 8, 2 14 ,  
2 1 7 , 2 2 1 , 223 , 224, 225 ,  
227 , 228, 229, 2 30, 2 39,  
276, 286, 394 

of nerve cell, 48 
pineal. See Pineal body or gland 
trapezoid, 1 8 1 ,  1 84, 1 85 ,  1 86, 

370, 3 7 1 
vertebral, 4, 30, 32 ,  40, 1 6 5 ,  472 

Bones 
arias, 9, 27, 46 1 ,  463 
axis, 9, 27 
clavicle, 16 5 

Bones-Continued 
coccyx, 7, 2 7 

5 1 1  

erhmoid, cribriform plare of, 3 5 5  
frontal, 1 1 , 2 5 3 ,  2 5 5  
ilium, spine of, 3 5 
occipiral, 1 1 , 43 7, 438 
parieraL See Parietal bone 
ribs, 28 ,  1 6 5 ,  428 
sacrum. See Sacrum 
temporal. See Temporal bone 
vertebral. See Vertebrae and ver-

tebral column 
Bourons rerminaux, of axons, 6 1 ,  

6 3 ,  6 5 ,  1 29 
Brachia! artery, 427  
Brachia! nerve plexus, 3 ,  1 00, 327  
Brachiocephalic artery, 4 5 0  
Brachioradialis muscle, segmental 

innervation of, 1 39,  1 46 
Brachium 

of inferior colliculus, 2 1 3 , 2 14 ,  
339 

of superior colliculus, 2 1 3 ,  2 14 
Brain, 1 ,  5-23 

anterior view of, 24, 285 
-blood barrier. See Blood-brain 

barrier 
blood supply of, 290, 449-470 

angiography of, 4 5 6-463, 
466-467 

arreries of, 449-4 5 5 
and blood pressure alrerarion, 

464-465 
circularion of, 464-465 
clinical nores on, 464-467 
clinical problems on, 467-470 

answers ro, 503-506 
disorders of, 464-465.  See also 

Cerebrovascular disorders 
veins of, 4 5 5 

cavernous sinus of. See Cavernous 
sinus 

-cerebrospinal fluid interface, 
301 -303 

coronal sections of, 24 1 ,  245 
dural venous sinuses of, 4 38-

443 
falx cerebri. See Faix cerebri 
of ferus, 6 
forebrain, 5 
hindbrain, 5 ,  1 3- 14 
horizontal section of, 222 ,  246 
inferior surface of, 1 2 , 2 3 3 ,  239,  

3 39 
arteries on, 45 1 



5 1 2  I ndex 

Brain-Contin11ed 
in j uries co, 2 9 ,  36.  38 .  445 

and blood-brain barrier, 303 
clin ical nores on, 29 .  33 ,  36,  

37  
clinical problems o n ,  4 1 -42 
contrernup in i u ry in .  36 
and movements of brain in  

head in j uries, 36. 3 7 ,  38,  
4 1 , 4 4 5 , 473 

intercaveroous s inus,  439, 443 
lateral view of, l l , l "> . 28 5  
lobes of. See specifi,r lobes oj brain 
medulla oblongara of, 1 5 1 .  See 

also Medulla oblongara 
meninges of, 4 3 5 -447 

arachnoid mater .  4 ,  5 ,  lO. 284, 
28R, 290, 2 9 '.l, , 294 , 436. 
44 1 .  443.  444 , 44 5 

clinical notes on.  444--446 
clinical problems on, 446-447 

answe � co ,  'i 07.- 'i03 
dura mater, 4 ,  5 .  1 0, 20,  2 3 3 ,  

290. 29 1>, 4 3 'i -4 38. 44 L , 
442, 444. 44') 

functional significance of, 
444-1146 

and head i nj11 ries, 445 
and in trac anta l  hPrnorrliage, 

44'>-446 
pia mater, 4, 'i ,  lO. 290. 293,  

294,  302,  436, 44 I ,  
44:i.-444, 445 

mid brain. See Mid brain 
occipital s inus of, 4 :i.s.  44 0, 44 1 ,  

454 
perrosal . i n  u s  of. 4 39, 44 1 ,  443 
posterior aspect of, 7 
protective coverings of, l .  4 
sagi rral section of, 2 24,  286. 398, 

400, 402 
sagirral sinus of. See Sagittal ve­

nous srnus 
sigmoid sinus of, 4 39,  44 1 ,  

4 54 
straight sinus of, 1 0, 38,  4 3 5 ,  

436, 4 3 7 , 438, 439, 440, 
454 

superior view of, 24, 245. 285 
rencorium cerebelli, 9, 1 0, 2 3 3 ,  

284, 4 3 5 , 4 36. 4 3 7 , 438,  
439, 444 

transverse sirms of. 9, 4 3 5 ,  4 3 7 ,  
438, 439, 44 1 , 4 5 4  

tumors of, 38,  4 1 ,  1 80,  4 7 3  

Brain-Continued 
ventricles of. See Ventricular 

system of central nervous 
sys rem 

Brain sand,  pineal, 226, 2 2 7  
Brai nstem, 5 

anterior surface of, 1 82 
cardioacceleracor centers of, 402 
cardiodeceleracor centers of, 

4 1 2  
cranial nerve nuclei in,  1 7 7  
descending fibers co, 40 1 ,  403 
discortion of, 3 7 
posterior surface of, 9, 1 7 ,  1 83 ,  

207, 3 9 1  
respiracory centers of, 4 1 2  
sagirral section through, 1 6, 1 90, 

206, 334 
rrigemina1 nerve nuclei in ,  3 64 
vasodilator centers in ,  4 1 2  
vasopressor centers in,  4 1 2  

Broca mocor speech area, 263,  264 
lesions of, 268 

Bronchogenic carcinoma, 387,  499 
Brown-Sequard syndrome, 3 3 7 ,  

338 
Buccal nerve, 369 
Bulb 

olfaccory. See Olfactory bulb 
of posterior horn of lateral ven­

tricle, 19 ,  242 
superior, of internal j ugular vein, 

44 1 
Bulbous corpuscle of Krause, 1 1 9, 

1 22 ,  1 32 
Bundle, longitudinal 

inferior, 245 
superior, 248 

Cajal horizontal cells, of cerebral 
cortex, 2 5 7  

Calcar avis, 1 9, 24 1 ,  242 
Calcarine sulcus, 14,  2 33,  236, 2 3 7 ,  

238, 239, 24 1 , 242,  260 
Callosal sulcus, 2 36 
Callosomarginal trunk, 4 5 7 
Caloric rest, of vestibular function ,  

384-385 
Canal 

anal, 424 
carotid, of temporal bone, 4 5 0, 

459 
central, of  spinal cord. See Central 

canal of spinal cord 
facial, 369 

Canal-Continued 
prerygoid ,  nerve of, 369 ,  4 1 8 ,  

4 2 0  
sacral, 3 5 
semicircular, 3 70 .  See also 

Semicircular canals or 
ducts 

vertebral, 2, 1 5 1  
vestibular nerve fibers from ,  368 

Capillary, 74, 7 5  
b l  od-brain barrier i n ,  300 

absence of, 300 
cross section of, 300 
endothelium of, 2 9 1  

Capsular cells, o f  sensory and au­
tonomic ganglia, 97,  99, 
1 1 1 , 4 7 7  

Capsule 
of bulbous corpuscle of Krause, 

1 22 
external, 244, 248 
internal. See I n ternal capsule 
of Meissner's corpuscle, 1 20 
of neuromuscular spindles, 1 2 3  
o f  Pacinian corpuscle, 1 2 1  

Carbecho1 chloride, 1 3 5 ,  482 
Carcinoma 

bronchogenic, 3 8 7 ,  499 
terminal, pain relief in,  3 1 9, 495 
of thyroid gland ,  40, 4 7 1  

Cardiac nerves, 376,  420,  4 2 1 
Cardiac neuromuscular j u nctions, 

1 3 2 ,  1 3 5 
Cardiac plexus, 376, 4 1 2 ,  4 2 0, 

4 2 1 
Cardioaccelerator center, of brain­

srem, 4 1 2  
Cardiodeceleracor center, of brain­

srem, 4 1 2  
Cardiovascular reflexes, auronomic 

nervous system in, 4 2 7 -
428 

Carotid artery 
arreriography of, 506 

anteroposrerior internal, 
4 5 8-459 

lateral, 4 5 6-4 5 7  
common, 3 7 4 ,  4 5 0 ,  4 5 7 ,  4 5 9  

bifurcation of, 4 5 7 
eXTernal, 374,  4 5 0, 4 5 7 ,  4 5 9  

bifurcation of, 4 59 
internal, 374,  438,  44 1 ,  442,  

449, 505 
aneurysm of, 386-387,  446, 

498, 502 



Carotid artery, internal­
Continued 

anterior cerebral artery branch 
of, 449 

branches of cerebral portion 
of, 449-450 

in carotid canal of temporal 
bone, 450, 459 

in  cavernous sinus, 450, 4 5 7 ,  
4 5 9  

choroidal branches of, 2 50, 
449 

left, 4 5 1  
middle cerebral artery branch 

of, 449-4 50 
in neck, 4 5 0, 457, 459 
occlusion of, 5 05 -506 
ophthalmic artery branch of, 

449 
origin and course of, 4 50  
posterior communicating ar­

tery branch of, 449 
right, 4 5 1  
superior ro cavernous sinus, 

4 5 9  
sympathetic plexus around, 

369 
Carotid body, 374  
Carotid canal of  temporal bone, 

4 5 0, 4 5 9  
Carotid plexus, 3 59,  369, 44 1 ,  442 

arterial, external, 4 1 9, 420 
Carotid sinus, 372 ,  3 74,  3 7 5 ,  427 ,  

449 
Carotid sinus nerve, 3 7 4 
Carotid sinus syndrome, 465 ,  505 
Cartilaginous joint, 30  
Catecholamines, 66 
Cauda equina, 7, 26, 28 ,  30,  3 2 ,  34, 

1 1 2 , 288, 479 
lesion of, 432 
relationship ro intervertebral 

disc, 30 
Caudal analgesia, 472 

clinical notes of, 3 3 
Caudate nucleus, 2 1 ,  22 ,  2 3 ,  2 2 5 ,  

243-244, 289, 39 1 ,  394,  
40 1 ,  4 5 3  

body of, 23 ,  24 1 ,  242,  243 
head of, 22 ,  23,  222,  240,  24 1 ,  

242, 243 , 245 , 247 
Parkinson's disease affecting, 3 3 8  
tail of, 22 ,  2 3 ,  240, 2 4 2 ,  2 4 3 ,  

2 7 8  
Causalgia, 43 1 

Cavernous sinus, 439, 44 1 ,  442, 
446, 502 

internal carotid artery in, 4 50, 
457 , 459 

Cavity 
of fourth ventricle. See Fourth 

ventricle, cavity of 
of mid brain. See Cerebral 

aqueduct 
of neural tube, 1 7 1  
of septum pellucid um, 222 
of third ventricle. See Third ven-

tricle, cavity of 
Celiac ganglia, 422,  423 
Celiac nerve, 376 
Celiac plexus, 376, 4 1 0  
Cell(s) 

basket, 193 ,  1 94,  197 ,  1 99, 345 
Betz, 2 5 7  
body o f  neurons. See Neuron(s), 

cell body of 
capsular, 97, 99, 1 1 1 , 477 
of cerebral cortex, 2 5  7 ,  258,  260 
coat of neurons, 5 7 
endothelial. See Endothelial cells 
ependymal. See Ependyma 
flattened, of Meissner's corpus-

cle, 1 20 
fusiform, 257 ,  2 5 8  
Golgi. See Golgi cells 
granular. See Granular cells 
granule, cerebellar, 47 
horizontal, of Cajal, 2 5 7 
macroglial, 7 5 ,  84, 85 ,  476 
of Marrinotti, 257,  258 
membrane of. See Membrane 
Merkel's, 1 1 7 
microglial. See Microglia 
mitral, of olfacrory bulb, 3 54, 

3 5 5  
nerve. See Neuron(s) 
pale, process of, 3 0 1  
polymorphic 

of cerebral cortex, 260, 2 6 1  
of hippocampus, 277 ,  2 7 8  

Purkinje. See Purkinje cells 
pyramid. See Pyramidal cells 
red blood cells, 300 
Renshaw, 67, 69, 1 44 , 332 , 334 
satellite, 97, 99, 1 1 1 , 477 
Schwann. See Schwann cells 
stellate. See Stellate cells 
tactile, of Merkel's disc, 1 1 5 ,  1 1 6 
tufted ,  of olfacrory bulb, 3 54, 

3 5 5  

5 1 3  

Central canal of spinal cord, 2 ,  8 ,  
1 5 , 1 6, 1 7 , 24, 1 5 1 , 1 52 ,  
1 5 5 ,  1 5 6- 1 5 7 ,  1 69, 1 70, 
1 7 1 , 1 7 3 ,  1 74,  1 90,  206, 
284, 285 ,  344, 398, 399 

cerebrospinal descent in, 292 
entrance into, 1 5 , 1 7,  1 70, 208, 

3 9 1  
ependymal cells i n ,  8 2 ,  1 5  7 
gray commissure surrounding, 

288 
in ventricular system, 283, 287-

288 
Central fissure, 1 1  
Central lobule of cerebellum, 1 6, 

1 90, 1 9 1 ,  1 92 ,  206, 344 
Central nervous system, 1 ,  2-2 3 ,  

87 
axon regeneration in, 105- 1 06, 

1 1 3 , 479-480 
brain in ,  1 ,  5-23 .  See also Brain 
capillary of, blood-brain barrier 

in, 300 
absence of, 300 

divisions of, 2-23 
injury of, 1 08 
myelination in,  87 ,  90, 92, 1 1 1 ,  

477-478 
neurotransmitters of, 67 ,  69,  

70 
nonmyelinated nerve fibers in, 

90, 94-95 
spinal cord in, 1 ,  2, 87. See also 

Spinal cord 
synaptic blocking agents affect­

ing, 69 
tissues in, 70, 4 7 5  

Central sulcus, cerebral, 1 4, 19 ,  20, 
2 3 3 , 234, 2 3 5 , 2 36, 2 3 7 ,  
2 38, 2 56, 29 1 , 392 , 4 5 2  

Central vein, of retina, 442 
Centrosomes, in neurons, 54 
Cerebellar artery, 4 5 5  

· 
anterior inferior, 4 5 1 ,  4 5 3 ,  463 
posterior inferior, 287,  45 1 ,  453 ,  

46 1 ,  463 
medulla oblongata supplied by, 

1 79 
site of, 463 
thrombosis of, 1 80,  486 

superior, 45 1 ,  4 5 3 ,  4 6 1 ,  463 
Cerebellar veins, 44 1 
Cerebellomedullary cistern, 288 
Cerebelloreticular fibers, 1 96 
Cerebellovestibular fibers, 1 96 
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Cerebellum, 3, 5, 1 1 , 1 3- 1 4, 4 1 ,  
1 4 3 , 1 82 ,  1 85 ,  1 89-202, 
2 1 4 , 2 2 4 , 286, 288,  3 1 3 , 
3 2 2 , 3 2 6, 329,  3 4 7 ,  394, 
47 3-474 

afferent nerve fibers of, 1 93 ,  
1 9 5 ,  1 96,  1 99-200, 
343-348 

from cerebral cortex, 343-
344,  346 

from spinal cord, 344- 348 
from vestibular nerve, 348 

ala of, 192 
anatomy of, functional, 1 97- 1 99 
arbor virae of, 1 89, 1 9 5 
archicerebellum,  1 89, 1 9 7  
arteries of, 4 5 5  
cerebro-olivocerebellar pathway, 

1 98, 343-344 
cerebrorericulocerebellar path­

way, 1 98,  344 , 346 
climbing fibers of, 1 9 3 ,  1 96, 1 99, 

200, 2 0 2 ,  3 4 3 , 3 4 5 , 488 
clinical notes on,  1 99-20 1 ,  3 5 1 
clinical problems on, 4 1 ,  2 0 1 -

2 0 2 ,  3 5 1 - 3 5 2 
answen ro, 487-488, 497 

as comparator, 3 5 0  
connections of, 1 98,  343- 3 5 2  
cortex of, 1 3, 1 4, 1 6, 1 89, 1 90,  

1 94 ,  1 99, 200, 2 0 2 ,  2 06, 
3 4 3 ,  344, 349 

basket cells in, 93, 1 94 ,  1 97 ,  
1 99, 345  

cellular organization in ,  1 93 ,  
1 96- 1 97 ,  1 99,  3 4 5  

Golgi cells in ,  1 93 ,  1 94,  1 97,  
1 99, 345  

granular layer of, 46, 1 89, 1 93 ,  
1 94 ,  1 99, 345  

granule cells of, 4 7 
mechanisms in ,  1 96- 1 9 7  
molecular layer of, 4 6 ,  1 89, 

1 93 ,  1 94 ,  1 99,  345 
neurons in, 46, 4 7 , 202, 487-

488 
interconnections of, 343- 3 5 0  

corticopontocerebellar pathway, 
1 96, 1 98,  3 4 3 ,  346 

cuneocerebellar rracr, 1 96, 1 98, 
3 1 1 , 3 1 2 , 3 1 4 ,  348 

cur remains of, 208 
cutaneous i nformation to, 307 
denrorhalamic pathway from, 

1 98, 348- 3 5 0  

Cerebellum-Continued 
dysfunction of, 3 5 1  

acute lesions in,  200, 202 
chronic lesions in ,  2 00, 202 
clinical problems on, 20 1 -202 

answers to,  487-488 
muscular acriviry in, 200-20 l 
signs and symptoms of, 2 00-

2 0 1  
efferent fibers of, 1 9 3 ,  1 9 5 - 1 96, 

343, 34 5 , 348- 3 5 0  
feedback to and from,  3 50  
folia of, 1 6, 1 89, 1 90, 1 92 ,  1 94, 

206, 344 
functions of, 200, 3 50-3 5 1  

rests for, 1 49, 484 
globose-emboliform-rubral path-

way from, 328,  348, 349 
gray marrer of, 1 89- 1 9 5  
gross appearance of, 1 89 
hemispheres of, 1 2 ,  1 5 , 1 6, 2 2 ,  

1 89, 1 90,  1 9 2 ,  1 95 ,  1 99,  
200, 206, 208, 2 09, 240, 
343,  344 

left, 43  7 
right, 208 
syndrome of, 2 0 1 

horizontal fissure of, l 6, 1 89, 
1 9 1 ,  1 92 ,  344 

i nferior view of, 1 9 1  
input to thalamus, 394 
internal srrucrure of, 1 89- 1 96, 

199 
i ntrinsic fibers of, 1 9 5 ,  34 3 
lobes of, 1 99 

anterior, 1 89, 1 9 1 ,  1 92 
Aocculonodular, 1 2 ,  1 89, 1 9 1 ,  

1 92 , 208 
middle, 1 89, 1 9 1 ,  1 9 2  

lobules of 
biventral, 1 9 1 ,  1 92 
central, 1 6, 1 9 1 ,  1 92 ,  344 
inferior semilunar, 1 9 1 ,  1 92 
superior semilunar, 1 92 
quadrangular, 1 92 

lobulus simplex of, 1 92 
mossy fibers of, 1 93 ,  1 96, 1 99, 

200, 202,  343, 3 4 5 , 488 
muscle j oint sense pathways to, 

307, 3 1 2-3 1 4  
neocerebellum, 1 89, 1 9 7 ,  1 99 
nuclei of, 1 9 3 ,  1 94- 1 9 5 ,  1 98,  

1 99, 200, 202, 343,  345 ,  
488 

deep, 326,  328,  329, 349 

Cerebellum, nucle.i. of-Continued 
denrare, 1 3, 1 5 , 2 1 ,  1 94,  1 9 5 ,  

3 4 7 ,  348,  394 
emboliform, 1 94 ,  1 9 5  
fasrigial, 1 94 ,  1 9 5 ,  3 5 0  
globose, 1 94 ,  1 9 5  
internal medullary, 2 2 5  
inrracerebellar, 1 94- 1 9 5 ,  2 0 2 ,  

3 4 3 , 488 
olivocerebellar rracr, 1 96 
organization of, 34 3 
pal ocerebellum, 1 89,  197  
parallel fi bers of, 1 94 
peduncles of, 1 96, 1 97 ,  1 98, 

1 99,  200,  202, 3 4 3 ,  
488 

inferior, 5 ,  1 3, 1 5 , 2 1 ,  1 69, 
1 70,  1 7 5 ,  1 76, 1 7 7 ,  1 79,  
1 83 ,  1 84 ,  1 96, 197 ,  2 0 7 ,  
3 1 3, 3 1 5 ,  3 4 7 ,  3 4 9 ,  370,  
3 7 1 ,  3 7 5 ,  3 7 7 ,  400 

middle, 1 3 , 1 5 , 1 7 , 2 1 , 1 8 1 ,  
1 82 ,  1 8 3 ,  1 85 ,  1 9 1 ,  1 96, 
1 97 , 2 0 7 ,  208, 2 14 ,  3 4 7 ,  
3 4 9 ,  39 1 

superior, 1 3 , 1 5 , 1 7 , 2 1 ,  1 8 1 ,  
1 8 3 ,  1 84 ,  1 8 5 ,  1 86,  1 96, 
1 97 , 2 0 7 ,  208, 2 1 4 ,  3 1 3 , 
347,  349, 39 1 

decussarion of, 1 8, 1 86, 2 1 5 ,  
2 1 6, 348 

fibers of, 1 8, 2 1 6  
phylogenetic development of, 

1 89,  1 97 
primary fissure of, 1 6 ,  1 89, 1 9 1 ,  

1 92 ,  344 
proprioceptive information to, 

307 
Purkinje cells of, 46,  47, 1 89, 

1 93 ,  1 94 ,  1 96- 1 97 ,  1 99, 
200,  3 4 5  

reticulocerebellar rracr, 1 96 
rubrocerebellar fi bers, 1 96 
sagirral section through, 1 6, 1 90, 

2 06 
spinocerebellar rracr, 1 7 2  

anterior, 1 5  7 ,  1 5 8 ,  1 73 ,  l 74,  
1 7 5 ,  1 79 ,  1 86, 1 96,  1 98 ,  
307, 3 1 2-3 1 4, 345-348,  
398, 400 

posterior, 1 5  7 ,  1 58 ,  l 7 3 ,  1 74 ,  
1 96, 1 98 ,  307,  3 1 2 ,  3 1 3 , 
34 7' 348,  398· 

srellare cells of, 4 7 ,  1 9 3 ,  1 94,  
1 97 , 345  



Cerebellum-Continued 
superior view of, 1 9 1  
tecrocerebellar fibers, 1 96 
tonsil of, 1 6, 1 9 1 ,  1 92 ,  2 09, 344 

herniation through foramen 
magnum, 1 78 

trauma to, direct, 3 7 
rumors in, 1 49, 200, 2 0 1 ,  202,  

487, 488-489 
uvula of, 1 6, 1 89, 1 90,  1 9 1 ,  1 92 ,  

206,  344 
uvulonodular fissure of, 1 89, 1 92 
vallecula of, 1 89 
veins of, 4 5 5  
vermis of, 1 3 , 2 2 ,  1 89, 1 92 ,  1 97,  

208, 209, 2 2 2 , 240, 344.  
See also Vermis, of cere­
bellum 

vesribulocerebellar tract, 1 96 
white matter of, 1 9 3 ,  1 95 - 1 96, 

1 99, 345 
Cerebral aqueduct, 14 ,  1 6, 1 8, 24,  

4 1 ,  1 90,  206, 2 1 3 , 2 1 5 ,  
2 1 6, 2 1 7 , 224, 2 28, 2 39, 
24 1 , 2 8 3 , 284, 2 8 5 ,  286, 
287 ,  344, 3 59, 3 6 1 ,  362, 
363,  4 7 2 - 4 7 3  

blockage of, 2 1 8,  2 1 9  
clinical problem on, 4 1  
in hydrocephalus, 2 1 9  
by tumor, 2 1 8, 2 1 9  

cerebrospinal fluid in, 2 1 5 , 292 
entrance into, 1 5 ,  1 7 , 208, 2 1 3, 

2 1 5 , 2 1 6, 2 1 7 , 3 9 1  
Cerebral artery, 290, 294 

angiography of, 4 56-463, 466-
467 

anterior, 2 3 3 ,  4 4 1 ,  449, 4 50,  
4 5 1 , 4 5 2 , 4 5 7 , 4 5 9 , 4 6 1  

area supplied by, 4 5 2  
central branches of, 449 
cortical branches of, 449, 4 5 7  
occlusion of, 5 0 5  

areas supplied by, 4 5 2 
atherosclerosis of, 468, 5 04 
attachment of meninges to, 294 
blockage of, 468, 5 04 ,  505  
cerebrospinal fluid around, 294 
covering derived from arachnoid, 

290 
disorders of. See Cerebrovascular 

disorders 
middle, 44 1 ,  449-450,  4 5 1 ,  4 5 2 ,  

4 5 7  
area supplied by, 4 5 2 ,  4 5 3  

Cerebral artery, middle-Continued 
bifurcation of, 4 59 
central branches of, 4 5 0  
cortical branches of, 449, 4 5 7 
left, 4 5 3  
occlusion of, 5 0 5  
operculofronral branch of, 

4 5 7  
right, 4 5 3  

posterior, 4 5 0, 4 5 1 ,  4 5 2 ,  4 5 3 -
4 5 5 ,  4 5 7 ,  4 59, 46 1 ,  463 

area supplied by, 4 5 2  
choroidal branch of, 4 5 5 
cortical branches of, 4 5 5 ,  5 04 
internal occipital artery branch 

of, 463 
occlusion of, 505 
thrombosis of, 490 

in subarachnoid space, 1 0, 4 3 6  
Cerebral veins 

anterior, 4 5 5  
deep middle, 4 5 5  
drainage o f  right hemisphere, 

4 5 4  
external, 4 5 5  
great, 1 0, 1 4, 2 50,  436, 439,  

440-44 1 , 4 5 4  
bleeding from, in infants, 38 

inferior, 44 1 ,  442 -443 
internal, 2 5 0 ,  4 5 4, 4 5 5  
in subarachnoid space, 1 0 ,  4 3 6  
superficial middle, 4 5 4 ,  4 5 5  
superior, 440, 4 4 5 ,  4 5 4 ,  4 5 5  

subdural hemorrhage from 
rearing of, 36, 3 7 ,  38 

Cerebro-olivocerebellar pathway, 
1 98, 343-344 

Cerebrorericulocerebellar pathway, 
1 98, 344, 346 

Cerebrospinal fluid, 1 ,  2, 39,  1 5 1 ,  
283 ,  290-295,  4 7 1  

absorption of, 292 
in hydrocephalus, 296 

in arachnoid villi, 1 60 
-blood barrier. See Blood­

cerebrospinal fluid barrier 
-brain interface, 30 1 -303 

section of, 302 
in cerebral aqueduct, 2 1 5 , 292 
at cerebral artery, 294 
circulation of, 29 1 ,  292, 293,  

294,  295 
blockage of, 296,  493 
in hydrocephalus, 295 

clinical notes on, 295-296 

Cerebrospinal fluid-Continued 
color of, 1 63 ,  1 66 

5 1 5  

constituents of, 1 63,  1 66, 290 
formation of, 290-29 1 ,  292,  295 

choroid plexus in, 1 60, 292,443 
in hydrocephalus, 295 

functions of, 290, 295 
in hydrocephalus, 295-296 
lumbar puncture for examination 

of, 3 3 ,  38 ,  4 1 ,  1 63 ,  1 66, 
1 78, 2 5 1 ,  296, 4 7 2 , 4 7 3 ,  
484-485 

ar optic nerve, 294 
origin and circulation of, 2 84,  

288 
pressure of, 3 3 ,  1 63,  1 66,  290 
in prorecrion of spinal cord and 

brain ,  29, 296, 493 
at spinal cord, 1 60 
at spinal nerve roots, 294 
subarachnoid space filled with, 6, 

1 60, 284, 288, 293, 294, 
3 02 , 443, 444 , 445 

at trigeminal nerve, 294 
in ventricular system, 283,  2 88, 

290-295,  302 
volume of, 290, 295 

in hydrocephalus, 2 1 1  
Cerebrospinal tract, lateral, 1 7 3 ,  

1 74 , 398 
Cerebrovascular disorders, 2 68, 

2 7 1 -2 7 2 ,  2 7 3 , 464-4 70, 
492 , 493,  5 03 - 5 06 

aneurysms, 466 
angiography in, 4 5 3-463, 466-

467 
arterial lumen blockage in, 

465-466 
arterial wall diseases in, 465 
blood pressure changes in, 464-

465 
blood viscosity change in, 465 
brain tissue changes in, 469, 505  
carotid sinus syndrome, 465 
cerebral ischemia, 464-466 
clinical problems on, 467-4 7 0  
descending tract interruption in, 

340, 496 
in heart disease, 465 
hypothalamus in,  406 
interruption of cerebral circula-

tion, 464-465 
intracranial hemorrhage, 466. See 

also Hemorrhage, intra­
cranial 
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Cerebrovascular disorders-
Continued 

in postural hypotension, 465 
in shock, 465 
thalamus in, 395 
trochlear nerve in, 386,  498 

Cerebrum, 3, 1 8-23,  22 1 -2 3 2  
arterial supply to, 4 5 3  
circulation i n ,  interruption of, 

464-465 
commissures of 

anterior, 14, 288 
posterior, 226, 228,  244, 246, 

286 
cortex of, 1 0, 1 7 ,  20, 143 ,  290, 

293, 294, 306, 349, 36 1 ,  
363, 364, 366, 367, 373 ,  
375 , 377 , 379, 384, 3 9 1 ,  
436 

action and resting potentials of, 
270 

in ascending tract of spinal 
cord, 260, 308, 309, 3 1 0, 
3 1 1 , 3 1 2  

association areas of, 244, 
248-249, 265,  266-267 

lesions of, 269 
auditory area of, 370, 3 7 1 ,  493 

lesions of, 269-270 
primary, 263,  266 
secondary, 263,  266 

cerebellar afferent fibers from, 
343-344, 346 

clinical notes on, 2 50, 267-
2 7 1  

clinical problems on, 2 7 1 -273  
answers to, 49 1 -493 

as command center, 3 5 0  
commissural fibers of, 267 
corticofugal fibers of, 267 
corticohypothalamic fibers of, 

397, 402 
corticonuclear fibers of, 1 8, 

1 84,  1 85 ,  1 86, 2 1 0, 2 1 5 , 
2 1 6, 2 1 7 , 2 18 , 247,  3 5 3  

cortico-olivary cerebellar 
pathway, 346 

corticopetal fibers of, 267 
corticopontine fibers of, 1 84,  

1 86, 2 1 8  
corticopontocerebellar path­

way in, 196, 1 98, 343 ,  
346 

corticoreticular cerebellar 
pathway in, 346 

Cerebrum, cortex of-
Continued 

corticorubral fibers in, 247 
corticospinal tract in. See Cor­

ticospinal tract 
in descending motor pathway, 

322, 326, 328,  3 3 1  
disorders of, 2 5 0  
efferent fibers of, 260 
entorrhinal areas of, 354 
in epilepsy, 84 ,  2 7 1 ,  280, 2 8 1 ,  

493 
feedback to and from, 3 5 0  
frontal eye field in, 2 6 3 ,  264, 

3 58, 492 
lesions of, 268 

frontal lobe area of, 262-265.  
See also Frontal lobe 

function of, 267-268 
functional localization of, 263 
fusiform nerve cells of, 2 5 7,  

258 
ganglionic layers of, 260, 2 6 1  
granular layers of, 260, 2 6 1  
gray matter of, 22,  240 
heterotypical areas of, 2 6 1  
homotypical areas of, 2 6 1 ,  

266-267 
horizontal nerve cells of, 2 5 7 ,  

258  
insula of, 22 ,  233 ,  23 7,  240, 

24 1 , 266 
lateral aspect of, right, 20 
layers of, 260-26 1 
lesions of, 268-270, 27 1 -273  
Martinotti cells of, 2 5 7 ,  2 5 8 
mechanisms in,  261-262 
microglial cells in, 8 1  
molecular layers of, 260-2 6 1  
motor area of, 262, 268, 2 7 1 ,  

49 1 -492 
Broca's area, 263, 264, 268 
homunculus of, 264, 324 
lesions of, 268 
primary, 262, 263 
secondary, 262 
supplementary, 264 

multiform layers of, 260, 2 6 1  
nerve fibers of, 257-260, 267,  

343-344, 346,  3 5 3  
neurons of, 46, 4 7 ,  25  7 ,  258 ,  

259, 260 
occipital eye field in, 266 
occipital lobe area of, 265-

266. See also Occipital lobe 

Cerebrum, cortex of­
Continued 

olfactory areas of, 3 54,  3 5 5  
primary, 3 5 4  
secondary, 3 5 4  

parietal lobe area of, 265 .  See 
also Parietal lobe 

periamygdaloid areas of, 3 5 4  
plexiform layers of, 260-26 1  
polymorphic cell layers of, 

260, 2 6 1  
precentral area of, 262-264,  

268 
lesions of, 268 

prefrontal area of, 264-265 
lesions of, 268-269 

premocor area of, 262 , 263 
prepiriform areas of, 3 54 
protoplasmic astrocytes in, 76, 

77  
pyramidal cells of, 46 ,  47,  2 5 7, 

258 
pyramidal layers of, 260,  2 6 1  
sensory areas of, 2 7 1 ,  49 1 -492 
somesthetic association area of, 

265 
lesions of, 269 
primary, 263,  265 
secondary, 263,  265 

ste!late nerve cells of, 2 57 ,  2 5 8  
structure of, 2 5 7-273 

variations in, 2 6 1  
subarachnoid space around, 

290 
cerebrospinal circulation in, 

292 
tangential nerve fibers of, 

2 59-260 
taste area of, 266 
temporal lobe areas of, 266. See 

also Temporal lobe 
trauma of, 272  
rumors of, 268 ,  2 7 1 ,  492 
vertical chain mechanism of, 

272,  492 
vestibular area of, 266 
visual area of, 3 56, 3 5 7 ,  3 58 ,  

382 
lesions of, 269, 382 
primary, 263, 265 -266 
secondary, 263,  266,  493 

diencephalon of, 22 1 -232 .  See 
also Diencephalon 

falx cerebri, 4, 10 ,  20, 233 ,  293,  
4 3 5 , 436, 437 , 438, 444 



Cerebrum-Continued 
fasciculus of, longirudinal. See 

Fasciculus, longirudinal 
fissures of. See Cerebrum, sulci of 
fornix of, 14 ,  22 1 ,  222 ,  2 2 5 ,  229, 

230, 236, 2 7 5 , 277 , 40 1 ,  
402 

body of, 224,  24 1 ,  242,  246, 
2 76, 286, 289, 390 

columns of, 276 
anterior, 22 ,  224,  228 ,  240, 

242, 246, 286 
posrerior, 242,  243,  246 

commissure of, 244, 246, 2 76 
crus of, 276, 277 ,  278  
fimbria of, 222 

gyri of, 20, 2 33-2 3 7 ,  2 56 
cingulare, 14 ,  224,  2 36, 2 86,  394 
fronral. See Fronral gyrus 
lingual, 237  
occipiroremporal, 236, 2 3  7 
orbiral, 2 3 7 ,  239 
parahippocampal, 223 ,  2 36, 

237 , 2 39, 2 7 5 , 276, 277 ,  
278 ,  289  

posrcentral, 1 3 , 19, 234,  2 3 5  
precenrral, 1 3, 1 9, 2 34,  2 3 5 ,  

264, 440 
recrus, 237 ,  239 
remporal. See Temporal gyrus 

hemispheres of, 2 3 3-256 
basal nuclei of, 240,  242-244, 

2 5 1  
clinical nores on, 2 50-2 56 
clinical problems on ,  2 56 

answers ro, 49 1 
coronal secrion of, 1 9, 390, 

40 1 ,  4 5 3  
dissecrion of, 2 77 ,  279 
dominance of, 267,  270,  468, 

505 
exrernal capsule of, 244 
horizonral secrion of, 20,  240, 

247 
inferior surface of, 236-2 3 7 
inrernal capsule of. See Internal 

capsule 
lareral view of 

lefr, 263 
righr, 452,  454 

medial surface of, 2 36-2 37 
medial view of 

left, 263 
righr, 2 36, 238, 249, 2 76, 

452 , 4 5 4  

Cerebrum, hemispheres of­
Continued 

poles of 
fronral, 19 ,  20, 234,  2 3 5 ,  

2 36, 237 ,  238, 243, 246, 
248, 252 , 254 

occipiral, 1 9  
remporal, 2 0 ,  2 3 7 ,  243,  452 ,  

454 
subarachnoid space around, 290 

cerebrospinal circularion in, 
292 

superior view of, 19, 234 
superolareral surface of, 233-

236 
relencephalon forming, 2 2 1  
rhalamus in, 2 2  5 

hemorrhage in, 3 7, 38 ,  4 1 ,  
446-447, 466, 473 

in infanrs, 446-447, 503 
horizonral secrion of, 22, 240, 

247 
ischemia of, 464-466 
lareral venrricles of, 23 7,  240-

242, 250-2 5 1 .  See also 
Lareral venrricles 

lobes of, 20, 233-237 
clinical nores on,  250 
fronral. See Fronral lobe 
occipiral. See Occipiral lobe 
parieral. See Parieral lobe 
remporal. See Temporal lobe 

lobules of 
paracenrral, 14 ,  236 
parieral 

inferior, 1 3 , 2 3 5  
superior, 1 3 , 2 3 4 ,  2 3 5 , 4 5 2  

peduncles of, 1 4, 1 6, 1 8 ,  182 ,  
1 90, 197 ,  206, 2 1 3 , 230,  
239, 344, 356 

sulci of, 1 3 ,  20, 233-237,  2 38, 
2 5 6  

air i n ,  2 5 3 ,  2 5 5  
calcarine, 14 ,  233 ,  236, 2 3 7 ,  

238, 239, 24 1 , 242, 260 
callosal, 236 
cenrral, 1 4 ,  1 9, 20 ,  233 ,  234 ,  

2 3 5 , 236, 237 , 238, 2 56, 
29 1 , 392, 452 

cingulare, 14, 236,  238 
clinical nores on, 250 
collareral, 2 36, 237 ,  238, 2 39, 

24 1 ,  277, 278, 289 
fronral, 234,  2 3 5 ,  238 
inrraparieral, 234,  235 ,  238 

5 1 7  

Cerebrum, sulci of-Continued 
lareral. See Lareral sulcus, cere­

bral 
longirudinal, 1 2 , 19, 20, 223 ,  

233 ,  2 39, 24 1 ,  245 
occipiroremporal, 2 36, 2 3 7, 

2 38, 239 
olfacrory, 2 3 7 ,  239 
pariero-occipiral, 1 3 , 14 ,  20, 

2 3 3 ,  2 34,  2 3 5 , 2 36, 238, 
239, 4 5 2  

posrcenrral, 2 34,  2 3 5 ,  238 
precenrral, 2 34, 235 ,  2 3 8  
rhinal, 2 3 7  
remporal, 2 3 5 ,  2 3 8  

relencephalon of, 5 ,  22 1 
rrauma of. See Trauma, of head 
rumors of, 268, 2 7 1-273 ,  2 8 1 ,  

296, 492 , 493 
whire marrer of, 22, 240, 244-

249 
associarion fibers of, 244, 

248-249, 265, 266-267 
commissures of, 244-248, 

2 5 1  
projecrion fibers of, 244, 249 

Cervical ganglion, symparheric, 
359, 4 3 8  

inferior, 42 1 
middle, 42 1 ,  427 
superior, 4 1 9, 42 1 
rrunk of, 420 

Cervical rib, 428 
Cervical spinal cord, 3 ,  7 ,  27,  1 52 ,  

1 5 3 ,  1 67 ,  485 
enlargemenr in, 2 ,  1 5 1 ,  1 52 ,  47 1 
fifth segment of, 3 77 

rransverse secrion of, 1 54 
firsr segment of, 3 77 
fourrh segment of, 3 77 
injuries of, 29 
myelogram of, 1 64- 165  
second segment of, 364,  3 77  
rhird segmenr of, 3 77 
rransverse secrion of, 15 3,  1 54 
rumors of, 1 48,  483 

Cervical spinal nerves, 23 
area of skin innervared by, 1 39,  

1 40 
descending, 380 
ro dura marer of brain, 438 
eighrh, 2 7 ,  1 00, 1 39, 1 40 
fifth, 1 00, 1 39, 140 
firsr, 7 ,  2 7 ,  380, 438 
fourrh, 1 39, 1 40 
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Cervical spinal nerves-Continued 
second, 9, 1 39, 1 40, 380, 4 3 8  
seventh, 1 00, 1 39, 1 4 0  
sixth, 1 00, 1 39, 1 4 0  
third, 1 39, 1 40, 380, 438 

Cervical vertebrae and vertebral 
column 

articular process of, 30 
atlas, 9, 27 ,  46 1 ,  463 
axis, 9, 27 
bodies of 

joints between, 30, 1 65 
narrowing of space betwee n, 

40 
cartilaginous j oint in,  30 
foram

.
en in, 1 65 

transversaria, 4 6 1  
intervertebral d iscs i n ,  herniation 

of, 3 1  
joints in,  30  
relationship co  spinal segme nt, 3 1  
seventh, 2 7  
spine of, 30  
spondylosis of, 484 
transverse process of, 1 65 ,  463 

in atlas, 9 
in axis, 9 
in seventh vertebra, 1 65 
in sixth vertebra, 4 5 0  
vertebral artery i n ,  463 

Chemorecepcors, 1 1 5 
Chiasma, optic. See Optic chiasma 
Chiasmatic cistern, 2 5 5  
Childbirth 

analgesia in, 3 3 ,  4 1 ,  472 
in j uries during, 446-44 7 ,  5 0 3  

Chin, blow on,  cerebral trauma 
after, 3 7 

Chloramphenicol, at blood-brain 
barrier, 303 

Choline, 4 1 4  
Cholinergic blocking agents, 69 
Cholinesterase, 1 3 5 ,  4 1 4 
Chorda tympani, 3 69, 4 1 8 , 4 1 9 
Chorea, 3 3 7 ,  34 1 , 497 
Choreiform movements, 1 4 7  
Choroid fissure, 289 
Choroid plexus, 14,  1 6 ,  22,  1 7 1 ,  

2 36, 240, 2 78, 390 
in blood-cerebrospinal fluid bar­

rier, 30 1 
blood supply of, 2 5 0 ,  2 8 3 ,  287 
cerebrospinal fl uid produced by, 

1 60, 290-29 1 , 292, 443 
ependymal epithelium of, 2 9 1  

Choroid plexus-Continued 
epithelial cells of, 30 1 
of fourth ventricle, 1 90, 205 ,  

206, 208, 209, 2 1 0, 2 1 1 , 
224, 284, 286, 287, 288,  
292, 344, 399 

cerebrospinal fluid formation 
in, 292 

of lateral ventricle, 222,  2 2 5 ,  
24 1 , 242, 2 50-2 5 1 , 2 8 3 ,  
284, 289, 292 

cerebrospinal fluid formation 
in, 292 

microscopic structure of, 29 1 
section of villus of, 30 1 
of third ventricle, 2 2 1 ,  224,  2 3 0, 

2 5 0, 283, 284, 286, 289,  
292 

cerebrospinal fluid formation 
in, 292 

Choroid vein, 4 5 5 
Choroidal artery, 2 5 0, 449, 4 5 9  
Choroidal fissure, o f  lateral ventri-

cle, 242 
Chromatin granules, fine, in nu­

cleus, 50  
Chromacolysis, 48 

after axon inj ury, 1 0 5 ,  1 06 
after section of anterior root of 

spinal nerve, 1 05 
Chromophobe adenoma, of pitu­

itary, 2 3 1 
Cilia, 82 ,  83 ,  2 9 1  
Ciliary ganglion, 3 5 7 ,  3 5 8 ,  3 59, 

36 1 , 4 1 2 , 4 1 8, 4 1 9, 426 
Ciliary muscle, 359 
Ciliary nerves 

long, 3 5 9  
short, 3 5 7 ,  3 5 8 ,  3 5 9, 36 1 ,  4 1 8, 

426 
Cingulate gyrus, 14,  224,  236,  286,  

394 
Cingulate sulcus, 1 4 ,  236,  2 3 8  
Cingulum, 248 
Circadian rhythms, hypothalamic 

control of, 405,  406 
Circulation 

of blood , cerebral, interruption 
of, 464-465 

of cerebrospinal fluid. See Cere­
brospinal fl uid, circulation 
of 

Circulus arteriosus of Willis, 449, 
45 1 ,  4 5 5 ,  464, 467, 
503 

Cistern(a) 
ambiens, 2 5 5  
cerebellomedullaris, 288,  44 3 
chiasmatic, 2 5 5 
corpus callosum, 2 5 5  
interpeduncular, 2 5 5 ,  288,  4 4 3  
magna, 2 5 5  
pontine, 2 5 5 ,  288 
subarachnoid, 288,  443 

Clark's column, 1 5 3 ,  1 54,  1 5 5 ,  
1 5 6, 3 1 2 ,  3 1 3 , 345  

Clasp-knife reaction, in  descending 
tract lesions, 3 3 6  

Clauclication, intermittent, sym­
patheccomy in,  4 3 0  

Claustrum, 2 2 ,  2 4 0 ,  24 1 ,  243 ,  2 44,  
390 

Clavicle, 1 65 
Cleft, synaptic, 65-66, 70, 476 
Climbing fibers, of cerebellum, 

1 9 3 ,  1 96, 1 99, 200, 2 0 2 ,  
3 4 3 ,  34 5 , 488 

Clicoris, erection of 
autonomic i nnervation of, 4 2 5  
after spinal cord injuries, 4 3 0  

Closcridium botulin u m ,  1 34,  1 3 6, 4 8 2  
Cocaine, as local anesthetic, 1 1 1  
Coccygeal spinal nerves, 7 ,  2 3  

first, 7 ,  2 7 ,  2 8  
Coccyx, 7 ,  2 7 ,  2 8  
Cochlea, 3 7 1  

spiral ganglion of, 368, 3 7 1 ,  3 7 2  
Cochlear duct, 3 7 2  
Coch�ar nerve, 3 68-370, 3 7 1 ,  3 7 2  

clinical examination of, 3 8 5  
nucleus of, 1 76, 1 84 ,  1 87 ,  368-

3 7 0 ,  3 7 1 
anterior, 1 7 5 ,  1 76, 1 84,  368, 

37 1 ,  400 
central connections of, 3 7 1  
dorsal, 1 77 
posterior, 1 7 5 ,  1 76, 1 84 ,  368,  

37 1 ,  400 
Cog-wheel rigidity, in  Parkinson's 

disease, 3 3 9  
Colic, gallscone, 5 0 1  
Collateral eminence, 242,  2 7 7,  2 7 8  

region of, 24 1 
Collateral sulcus or fissure, 2 36, 

2 3 7 , 2 3 8 , 239, 24 1 ,  2 4 2 ,  
2 7 7 , 2 7 8 ,  289 

Colliculus 
facial, 1 5 , 1 7 , 1 8 1 ,  1 83 ,  1 84,  

205 , 2 0 7 , 2 08 , 3 6 5 ,  367,  
368,  3 9 1  



Colli cul us-Continued 

i nferior, 9, 14 ,  1 5 ,  1 6, 1 7 , 22, 
1 90, 206, 2 1 3 , 2 1 4 ,  2 1 5 ,  
2 1 6, 222 ,  224, 240, 286, 
344, 362,  363,  3 7 1 ,  39 1 

brachium of, 2 1 3 ,  2 14 ,  393 
nucleus of, 18, 370 
transverse secrion a r  level of, 

2 1 3-2 1 6  
superior, 9, 14, 1 6, 1 7 , 22 ,  1 90, 

206, 2 1 3 , 2 1 4 ,  2 1 5 , 
2 16-2 18,  222,  224,  2 39,  
240,  24 1 , 286, 3 1 5 ,  3 2 5 ,  
344, 3 5 7 ,  358 , 359 ,  3 60, 
36 1 , 39 1 

brachium of, 2 1 3 ,  2 1 4 
recrobulbar fibers from, 363 ,  

366 
recrospinal rracr origin in,  3 2 5 ,  

3 2 6  
transverse section a r  level of, 

2 1 5 , 2 1 6-2 1 8  
Colon, 4 1 1 

auronomic i n nervation of, 423 
Hirschsprung's d isease of, 39,  

429, 500 
Column(s) 

Clark's, 1 53 ,  1 54, 1 5 5 ,  1 56,  3 1 2 ,  
3 1 3 ,  345  

of fornix. See Cerebrum, fornix 
of, columns of 

of spinal cord 
gray. See Gray columns of spi­

nal cord 
white. See White columns of  

spinal cord 
vertebral. See Vertebrae and ver-

tebral column 
Coma, 2 7 0, 273 , 493 
Commissural fibers, cerebral, 267 
Commissures 

cerebral, 244-248 
anterior, 222 ,  224, 228, 2 36, 

244, 246, 249, 2 76 ,  286,  
3 5 5  

cl inical n o  res o n ,  2 5 1  
corpus callosum, 244-246 
fornix, 244, 246, 276 
habenular, 224, 226, 228, 244, 

248 
posterior, 14, 222 ,  224, 226,  

228,  244, 246, 286 
of spinal cord , 1 5 1 ,  1 54, 1 56-

1 5 7,  288 
anterior, l 5 7 

Commissures, of spinal cord­
Continued 

posterior, l 56 
white, anterior, 1 54, 1 5 5 

Communicating artery 
anterior, 449, 4 5 1 ,  506 
posterior, 44 1 ,  449, 450, 45 1 ,  

46 1 , 467, 503-504 
Compression, of spinal cord, 1 62-

163 
Computerized axial tomography, of 

ventricles, 2 5 1 ,  296 
Concretions, in pineal gland, 226, 

227 , 2 3 1  
Cond uction o f  nerve impulse. See 

Nerve(s ) ,  impulse con­
duction 

Condyle, of mand ible, 463 
Cones, and rods, 3 5 7 
Confl uence, of sinuses, 439, 440, 44 1 
Congenital cond itions 

aneurysms, 466 
Arnold-Chiari malformation,  1 78 

Connective tissue 
loose, 10, 436 
network in subarachnoid space, 

302 
sheath of peripheral nerve, 89, 95 
rrabeculae of, fi ne, 290 

Connecror neuron, 26, 4 l 0 
Conscious muscle joint sense, 

307, 309, 3 1 1 , 3 1 2 
Conscious sensory pathways, 

305-3 1 2, 3 1 6  
Consciousness, 270-2 7 1 

afferent information affecting, 
3 1 5  

proprioceptive i nformation as­
cending ro, 332 

srages of, 270-2 7 1  
Consensual light reflex, 3 5 7 

auronomic nervous system in,  
426 

Contracrure, muscular 
clinical observation of, 14 7 
in lower moror neuron lesions, 

336 
Conrrecoup inj ury, 36, 4 1 ,  473 
Conus medullaris, of spinal cord , 

2, 6, 7 , 28, 1 5 1 ,  1 52 
Convulsions, epileptic, 268, 2 7 1  
Coordination 

centers of, 2 
clinical observation of, 1 4 7  

Cord , spinal. See Spinal cord 

Cordoromy, for pai n relief, 3 1 7  
Cornea, 360 

reflex of, 3 59, 360 

5 1 9 

sensory endings in ,  1 3  5 ,  480 
Corona radiara, 2 1 ,  23 ,  2 14, 248, 

249, 3 5 3  
in ascending rracr o f  spinal cord, 

308, 309, 3 1 0, 3 1 1 ,  3 1 2  
cur surface of, 24 5 
in desce nding moror pathway, 

322 ,  323 ,  324 
Coronal surure, 2 5 5 ,  46 1 
Corpus (co rpora) 

callosum, 14 ,  1 8 ,  2 l ,  224, 2 2 5 ,  
2 30, 2 3 3 ,  2 3 4 ,  236, 238, 
24 1 , 242, 244-246, 249, 
2 5 1 ,  256, 286, 289, 390, 
40 1 , 402, 403, 4 5 3 , 49 1 

body of, 24 1 ,  244 
superior surface of, 279 

ci srern of, 2 5 5  
disorders of, 25  l 
forceps of 

maj or, 242, 245 ,  246 
mi nor, 244, 245 

genu of, 14, 22 ,  222, 224, 236, 
240, 24 1 ,  242 , 244, 245 ,  
247, 279,  286 

ind usium griseum covering, 
2 7 5 ,  279 

radiation of, 244 
rostrum of, 14, 224, 236, 242, 

244, 286 
splenium of, 14 ,  19,  236, 2 39, 

24 1 ,  244, 245 ,  247, 277 
raperum of, 19 ,  24 1 ,  242, 244 
transverse fibers of, 24 5 

cavernosa, 425 
spongiosum, 425 
srriarum, 243-244, 256, 49 1 

arteries ro, 4 5 5 
caudare nucleus in,  243-244 

Corpuscles 
bulbous, of Krause, 1 1 9,  1 22 ,  

1 32 
Meissner's, l 1 7 ,  120, 1 32 
Pacinian, 1 1 7- !  1 9, 1 2 1 ,  1 32 ,480 

Correlation centers, 2 
Cortex 

cerebellar. See Cerebellum, cor­
rex of 

cerebral. See Cerebrum, cortex of 
insular, 22 ,  2 3 3 ,  2 3 7 ,  240, 24 1 ,  

266 
srriare. 260 



5 20 I ndex 

Corricofugal fibers, 2 67 
Corricohypothalamic fibers, 397,  

402 
Corticonudear fibers, 18,  2 1 0, 2 1 5 ,  

2 1 6, 2 1 7 , 2 1 8, 247,  3 5 3  
bundles of, 1 84,  1 85 ,  1 86 

Cortico-olivary cerebellar pathway, 
346 

Corricopetal fibers, 2 67 
Corticopontine fibers, 1 84,  1 86, 

2 1 8  
Corricopontocerebellar pathway, 

196,  198, 343,  346 
Corti co reticular cerebellar pathway, 

346 
Corticorubral fibers, 247 
Corticospinal tract, 1 8 ,  143,  2 6 1 ,  

3 2 1 - 3 2 5 ,  349 
in  anterior white column, 1 5 8,  

1 59, 3 2 3 , 324,  3 2 5  
in basis pedunculi o f  mid brain, 

3 2 3 , 3 2 4  
fibers of, 1 44,  2 1 0,  2 1 5 ,  2 1 6, 

2 1 7 , 2 1 8, 247, 3 3 2 ,  349 
bundles of, 1 84 ,  1 8 5 ,  1 86,  1 87 

functions of, 3 2 1  
i n  lateral white column, 1 58,  

1 7 2 , 3 2 3 ,  324,  3 2 5  
lesions of, 3 3 5  

Babinski sign i n ,  3 3 5  
cremasteric reflex i n ,  3 3  5 
fine skilled voluntary move-

ments in, 3 3 5  
superficial abdominal reflexes 

in, 3 3 5  
in lower limb, 2 4 7  
in  pyramid o f  medulla oblongata, 

3 2 3 , 3 2 4  
in trunk, 2 4 7  
in upper limb, 2 4  7 

Costocervical trun·lt
·
; 4 5 0  

Cranial fossa, posterior 
cerebellum in, 1 86, 1 89, 1 99 
fourth ventricle in, 2 1 0 
medulla oblongata in, 1 86 
pons in, 1 8 6  
raised pressure in, 1 78 
vertebral artery in, 463 

Cranial nerves, 1,  23,  9 5 ,  97 ,  
3 5 3-387 

abducent. See Abducent nerve 
accessory. See Accessory nerve 
anatomical organization of, 3 5 3 
clinical examination of, 3 8 1 -385 
clinical notes on, 3 80--: 385 

Cranial nerves-Continued 
clinical problems on, 385-387 

answers to,  497-499 
eighth. See Vestibulocochlear 

nerve 
eleventh. See Accessory nerve 
emerging from medulla oblon-

gata, 486 
facial. See Facial nerve 
fifth. See Trigeminal nerve 
first. See Olfactory nerve 
fourth. See Trochlear nerve 
glossopharyngeal. See Glos-

sopharyngeal nerve 
hypogl�ssal. See Hypoglossal 

nerve 
ninth. See Glossopharyngeal 

nerve 
nuclei of, 3 5 3-387 

in brainstem, 1 77  
corticonuclear tracts to, 

·
3 5 3 

motor, 360 
oculomotor. See Oculomotor 

nerve 
olfactory. See Olfactory nerve 
optic. See Optic nerve 
pia mater covering, 43 7 
second. See Optic nerve 
sensory ganglia of, 29, 1 7 1  
seventh. See Facial nerve 
sixth. See Abducent nerve 
tenth. See Vagus nerve 
third. See Oculomotor nerve 
rrigeminal. See Trigeminal nerve 
trochlear. See Trochlear nerve 
twelfth. See Hypoglossal nerve 
vagus. See Vagus nerve 
vestibulocochlear. See Ves-

tibulocochlear nerve 
Cranial root, of accessory nerve, 

374, 3 7 7 , 378 
motor nucleus of, 3 7 7  

Craniosacral outflow, 4 1  7 
Cremasteric reflex, in corticospinal 

tract lesions, 3 3 5 
Cribriform plate, of ethmoid bone, 

3 5 5  
Crossed extensor reflex, 3 3 3 ,  3 34 
Crus 

cerebri, 14 ,  1 8, 2 1 , 2 3 ,  2 1 3 , 2 1 4,  
2 1 5 , 2 1 6, 2 2 3 , 249, 3 2 3 ,  
324, 3 5 3 , 363 

in Weber's syndrome, 2 1 8,  
2 1 9 

of fornix, 276, 2 7 7 ,  2 7 8  

Culmen, of  cerebellar vermis, 1 6, 
1 90, 1 9 1 ,  1 9 2 ,  206, 344 

Cuneate nucleus, 5, 1 69, 1 72 ,  1 7 3 ,  
1 74 ,  1 98,  3 1 1 ,  3 1 2 ,  347 , 
348, 394,  398 

tubercle of, 5 ,  1 5 ,  1 7 ,  1 69, 1 70, 
208, 209, 3 9 1  

Cuneocerebellar tract, 1 96, 1 98,  
3 1 1 , 3 1 2 ,  3 1 4 ,  348 

Cuneus, 14 ,  2 3 6, 2 3 7, 2 39, 4 5 2  
Cutaneous conditions. See Skin 
Cutaoeous nerve, medial, of arm, 

1 00 
Cytoplasm 

of astrocyte, 7 7  
of axons, 6 1 ,  70, 9 1  
o f  microglial cell, 8 1  
o f  neurons, 5 1 ,  5 2 ,  5 3 ,  5 7  

organelles in ,  50,  5 1 ,  5 5 ,  5 6  
o f  Schwann cell, 8 9 ,  9 1 ,  9 2 ,  9 3 ,  

94 
structures in, 70, 4 7 5  

Deafness, 3 8 5 ,  3 8 6  
word, 2 70 

Decamethonium, 1 34 ,  482 
Decerebrate rigidity, 334 
Dedi e ,  of cerebellar vermis, 1 6, 

190,  1 9 1 ,  1 9 2 ,  2 06,  3 44 
Decussation of nerve fibers, 3 2 2  

in  medial lemniscus, 3 1 2, 398 
inreroal structures at level of, 

1 7 2 ,  1 7 3 ,  1 74 
in pyramids, 1 69,  1 70,  3 2 3 ,  349, 

377, 398 
internal structure at level of, 

1 72 ,  1 7 3 ,  1 74 
site of, 3 2 4  

in rubrospinal tracts, 2 1 5 ,  2 1  7 
seosory, 3 1 2  
i n  superior cerebellar peduncles, 

18, 1 86, 2 1 5 , 2 1 6, 348 
of trochlear nerve, 1 86, 3 62 

Deep muscles 
of back, 1 4 2  
reflexes in descending tract le­

sions, 3 36 
Defecation,  after spinal cord in­

juries, 429-430 
Degeneration of nerves, 1 04 ,  1 07 

in aging, 1 08 
in autonomic nervous system, 

428 
in  lower motor neuron lesions, 

3 36 



Degeneration of nerves-
Continued 

and muscular atrophy, 1 08- 1 09 
in neurotmesis, 1 09 
retrograde, 1 03 - 1 05, 1 08 
transneuronal, 1 08, 1 1 2 
Wallerian, 103 ,  1 1 2,  478 

Delta rhythm, 270 
Dendrites, 43 ,  44, 45,  48,  49, 58, 

59, 62 , 63, 65 ,  77  
longitudinal section of, 58  
spines of, 59 

axodendritic synapse with, 62, 
63, 64 

in Purkin je  cells, 46, 1 94 
in pyramidal cells, 2 5 7 

transverse section of, 58  
Denervation supersensitivity, of  

skeletal muscle, 1 34 
Dense bodies, in neurons, 49 
Dense lines, of myelinated fibers, 

87, 9 1  
Dentate gyms, 2 7 5 ,  276,  2 7 7 ,  278,  

289 
Dentate nucleus, 1 3 , 1 5 ,  2 1 ,  1 94, 

1 9 5 , 347, 394 
dentothalamic pathway from, 

198, 348-3 50  
Denticulate ligaments, 4,  7 ,  9,  1 52 ,  

1 60, 1 67 , 485 
Dentothalamic pathway, 1 98, 

348-350  
Dermatomes 

anterior, 1 39 
arrangement of, 1 4 8, 482-483 
definition of, 1 39, 14 5 
and muscular activity, 1 39- 1 49 
posterior, 1 40 

Dermis, 1 1 6, 1 1 8,  1 2 1 ,  1 2 2  
nerve fibers i n ,  1 2 0  

Descending cervical nerve, 3 80 
Descending fibers 

to brainstem, 40 1 ,  403 
to spinal cord, 40 1 ,  403 

Descending tracts of spinal cord, 
1 58 , 3 2 1 -3 4 1  

anatomical organization of, 3 2 1 ,  
322  

in anterior white column, 1 59 
autonomic fibers in, 1 5 8- 1 59, 

3 2 1 , 3 30, 367, 372 ,  373 ,  
375  

cerebrovascular disorders affect­
ing, 340, 496 

clinical notes on, 334-339 

Descending tracts of spinal cord 
-Continued 

clinical problems on, 339-3 4 1  
answers to, 495-497 

corricospinal, 3 2 1 -325 .  See also 
Corricospinal tract 

anterior, 1 58, 1 59, 323 ,  324, 
325 

lateral, 1 58, 1 72, 323 ,  324, 
3 2 5  

lesions of, 3 3 5 
extrapyramidal, 3 3 5 ,  3 39, 496 
first-order neurons in, 32 1 ,  322,  

3 5 3  
functions of, 3 2 1  
from higher centers, 33 1 
in lateral white column, 1 58- 1 59 
lesions of, 33 5-339 

clasp-knife reaction in,  336 
muscle tone in, 3 3 5 
reflexes in, 3 3 5 ,  336 
voluntary movements in ,  335 ,  

336 
in muscle tone, 334, 3 3 5  
olivospinal, 1 58, 1 59, 32 1 ,  323 ,  

3 30, 3 3 1  
pontine reticulospinal, 3 2 5 ,  326 
in posterior white column, 1 58 
pyramidal, 2 6 1 ,  323 ,  3 3 5 ,  3 39, 

496 
in reflex arc, 330-334 
reticulospinal, 143 ,  144, 1 59, 

3 2 1 , 3 2 5 ,  326, 332 , 349 
lateral, 1 58 
medullary, 3 2 5 ,  326 

rubrospinal, 143, 144, 1 58, 1 72, 
198, 2 1 5 , 2 1 7 ,  3 2 1 ,  323 ,  
3 2 5 , 328,  332 ,  348, 349 

second-order neurons in, 32 1 ,  
322,  3 5 3  

tectospinal, 1 44, 1 58 ,  1 59, 1 7 5 ,  
1 76, 1 78, 32 1 ,  3 2 3 ,  3 2 5 ,  
3 2 7 ,  3 3 2 ,  360, 400 

third-order neurons in, 3 2 1 ,  322, 
3 5 3  

in  thoracic region, 88 
vestibulospinal, 143 ,  1 44, 1 58, 

1 59, 1 72 ,  198, 3 2 1 ,  323 ,  
32 5-329, 330 ,  332 ,  349, 
3 50, 368, 370 

in voluntary movement, 3 3 5  
in  white matter o f  spinal cord, 

1 58- 1 59 
Diabetes insipidus, 406, 500 

in hypothalamic dysfunction, 2 3 1  

5 2 1  

Diabetic neuropathy, 497-498 
Diaphragm, phrenic nucleus for in­

nervation of, 1 5  3 
Diaphragma sellae, 227 ,  438, 4 39, 

44 1 
Diencephalon, 5, 1 8, 22 1-232  

clinical notes on,  230-23 1 
clinical problems on, 23 1 -232 

answers to, 490-4 9 1  
epithalamus i n ,  2 2 1 ,  22 6-2 27,  

2 3 1  
gross features of, 22 1-230 
hypothalamus in,  22 1 ,  22 7-228, 

2 3 1 .  See also Hypothala­
mus 

inferior surface of, 2 2 1  
lateral surface of, 22 1 
medial surface of, 22 1 ,  224 
subthalamus in, 22 1 ,  226, 2 3 1  
superior surface of, 22 1 
thalamus in, 2 2 1 -226, 230-2 3 1 .  

See also Thalamus 
third ventricle in, 22 1 ,  228-230. 

See also Third ventricle 
Digastric muscle 

. anterior belly of, 365 
posterior belly of, 368 

facial nerve to,  369 
Diisopropylphosphorofluoridate 

(DPF), 69 
Dimethyl rubocurarine, 1 3 3 ,  4 8 1 -

482 
Diplegia, 336 
Diploe, 1 0, 436 
Diploic veins, 1 0, 436,  439,  44 1 
Diplopia, 383,  385 ,  497 
Direct light reflex, 3 5 7 ,  426 
Disc(s) 

interverrebral. See Interverrebral 
disc 

Merkel's, 1 1 5 ,  1 1 6, 1 1 7 ,  1 32 
optic, 3 54 

Discriminative sense, 307, 309, 3 12 
for touch, pathway for, 307,  309, 

3 1 1 , 3 1 2  
Dominance, cerebral, 267, 2 70, 

468, 505  
Dopamine, 66 ,  67, 69 ,  476 
Dorsal nucleus, of  vagus nerve, 

420, 42 1 , 422, 423 
Dorsomedial nucleus 

of hypothalamus, 2 2 5 ,  228, 229 
of thalamus, 389, 390,  392, 397,  

40 1 
DPF, as synaptic blocking agent, 69 
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Drugs, crossing blood-brain barrier, 
303 

Duct 
cochlear, 3 72 
of glandular acini, 13  1 
semicircular, ampullae of. See also 

Semicircular canals or 
ducts 

Dura mater, 293 ,  294, 302 

of brain, 284,  293,  435-438, 
444, 445 

arterial supply of, 438 
diaphragma sellae, 438 
endosteal layer of, 4 ,  5 ,  1 0, 

4 3 5 , 436, 4 3 7 , 438, 440, 
44 1 , 442 , 444 

falx cerebri, 4 ,  10, 20, 2 3 3 ,  
293, 4 3 5 , 436, 437 , 438,  
444 

at foramen magnum, 43 7, 438 
meningeal layer of, 4 ,  1 0, 290, 

4 3 5 , 4 36, 437 , 438, 440, 
44 1 , 442, 444 

nerve supply of, 438 
subdural space, 443 
tentorium cerebelli, 9,  10, 2 3 3 ,  

284, 4 3 5 , 436, 4 3 7 , 4 38 ,  
439, 444 

at optic nerve, 294 
of spinal cord, 2 ,  28, 34,  1 5 1 ,  

1 52 ,  1 59 ,  284,  294, 4 3  7 ,  
438 

extradural space, 1 59 
at spinal nerve root, 294 
at trigeminal nerve, 294 

Dural sheath, of spinal cord, 28,  
35 

Dural venous sinuses, 438-443 
cavernous, 439, 44 1 ,  442, 446, 

450, 4 5 7 , 459, 502 
confluence of, 439, 440, 44 1 
intercavernous, 439 

anterior, 443 
posterior, 443 

occipital, 438,  440,  44 1 ,  4 54 
petrosal 

inferior, 443 
superior, 439,  44 1 ,  443 

sagittal, 293 
inferior, 1 0, 38,  2 5 0, 435 ,  436, 

439, 440, 454 
superior, 1 0, 284 ,  293 ,  4 3 5 ,  

436, 438, 439, 442 , 4 54 
sigmoid, 44 1 
sphenoparieral, 443 

Dural venous sinuses-Continued 
Straight, 1 0, 435 ,  436, 437 ,  438,  

439, 440, 454 
transverse, 9, 435, 437,  438,  

439, 44 1 , 454 
Dysarthria, in  cerebellar dysfunc­

tion, 2 0 1  
Dysauronomia, familial, 40 
Dysdiadochokinesis, in cerebellar 

dysfunction, 2 0 1  
Dysronia, 337 ,  34 1 ,  497 
Dystrophy, adiposogenital, 2 3 1  

Edinger-Westphal nucleus, 2 1 7 ,  
3 5 7 ,  3 5 8 ,  3 59, 3 6 1 ,  
362 

Effecror endings, 1 24- 1 32, 480-
482 

agents affecting, 1 33 - 1 3 5  
clinical notes on, 1 3  3- 1 3 5  
innervation of skeletal muscle, 

1 24- 1 28 
internuncial neuron synapse with, 

333  
neuromuscular j unctions 

in cardiac muscle, 1 32 ,  1 35 
in skeletal muscle, 1 26- 1 28,  

1 33- 1 3 5  
i n  smooth muscle, 1 28- 1 32 ,  

1 3 5  
o n  secrerory cells, 1 3 1 ,  1 32 ,  1 3 5  

Efferent (moror) nerve fibers, 26, 
62, 1 22 ,  1 2 5  

alpha, 1 5 1 , 324, 332  
of  anterior gray column of spinal 

cord, 105 ,  1 5 1 ,  360, 399 
of anterior spinal root, 97 
of auronomic nervous system, 

4 1 1  
parasympathetic, 4 1 0-4 12 ,  

4 1 5  
postganglionic, 4 1 1 ,  4 1 2  
preganglionic, 409-4 1 2  
sympathetic, 409-41 0 ,  4 1 1 ,  

4 1 5  
cerebellar, 1 93 ,  195-196, 343,  

345 , 348-350 
cortical, 260 
descending tract of. See De­

scending tracts of spinal 
cord 

gamma, 1 23 ,  144,  1 5 1 , 324, 332  
of  hippocampus, 2 78-279 
injury of, 1 08- 1 09,  1 34,  1 3 6  
lateral group of, 1 54 

Efferent (moror) nerve fibers 
--Continued 

lesions of, 3 36, 384 
for lower limb neurons, 1 55 
lower moror neurons of, 4 7 ,  88, 

143,  1 44 ,  307,  32 1 ,  323 ,  
326 ,  327 ,  328 ,  33 1 ,  3 3 2 ,  
339, 3 5 3 , 495 

lesions of, 3 36,  3 84 
multiple synapsing of, 3 3 2  
Renshaw cells in  inhibition of, 

334 
in  simple reflex arc, 1 26, 1 4 1  

i n  moror unit, 1 40, 1 4 1  
nucleus of. See Moror nuclei 
roots of. See Moror roots 
of thalamus, 394 
of trigeminal nerve, 365 
for trunk muscles, 1 54 ,  1 5  5 
upper moror neurons of, 4 7 ,  32 1 ,  

339, 495 
facial expression with lesions 

of, 384 
for upper limb muscle innerva­

tion, 1 54 
Ejaculation 

autonomic innervation of, 426 
after spinal cord injuries, 430 

Electrical changes, in nerve impulse 
conducrion, 1 00- 1 0 3  

Electrocorticograms, 2 7 0  
Electroencephalogram, 2 7 0 ,  2 7 3 ,  

493 
alpha rhythm in, 270 
beta rhythm in, 270  
delta rhythm in ,  270  

Emaciation, in hypothalamic dys­
function, 2 3 1  

Emboliform nucleus, cerebellar, 
1 94,  1 95 

globose-emboliform-rubral path­
way, 328,  348,  349 

Eminence 
collateral, 24 1 ,  242, 277 ,  2 78 
medial 

of fourth ventricle, 1 5 , 1 7, 
1 8 1 ,  1 83 ,  205 ,  207,  208,  
391  

of ruber cinereum, 227-228 
Emissary vein, 1 0, 436,  439 
Emotion 

hypothalamus affecting, 405 
limbic system affecting, 279,  280 

Encapsulated recepror endings, 
1 1 7 - 1 24 



Encapsulaced recepror endings 
-Continued 

Krause bulbous corpuscles, 1 19 ,  
1 22 ,  1 32 

Meissner's corpuscles, 1 1  7, 1 32 
neuromuscular spind les, 1 1 9-

1 24, 1 32 
neurocendinous spindles, 1 24, 

1 2 5 ,  1 32 
Pacinian corpuscles, 1 1  7- 1 1 9, 

1 32 
Encephalography,  of cerebral ven­

cricles, 296 
End-organ acrophy, afrer nerve de­

generacion, 1 08- 1 09 
Endocrine syscem, hypochalamus in ,  

402 , 403, 404, 407, 4 1 3  
Endomysium, 1 27 ,  1 2 8  
Endoneurial spaces, in  peripheral 

nerves, 1 1 1  
Endoneurial rubes, axons growing 

along, 1 0 7  
Endoneurium, 1 04, 1 27 ,  1 28, 477  

capsule conrinuous wich 
of Krause bulbous corpuscles, 

1 22 
of Meissner's corpuscle, 1 2 0  
of Pacinian corpuscle, 1 2 1  

of peripheral nerve, 89, 9 5 ,  96, 
97 

Endoplasmic reciculum, roi:gh, of 
neurons, 49, SO, 5 1 , 5 5  

Endosceal layer, of dura macer of 
brain ,  4, 5 ,  10,  435, 436, 
437 , 438, 440, 44 1 , 442, 
444 

Endosceum, 4 3 7  
Endochelial basemenr membrane, 

3 0 1  
Endochelial cells, 2 9 3 ,  300, 3 0 1  

fenescracions of, 300, 3 0 1  
i n  superior sagicral venous sinus, 

293 
cighc j uncrion around, 300, 3 0 1  

Endochelium,  o f  blood capillary, 
2 9 1  

Enrorrhinal area, of cerebral correx, 
354 

Ependyma, 7 3 ,  74, 8 3 , 84, 302 
of cenrral canal of spinal cord, 

82, 1 5  7 
of choroid plexus, 29 l 
funccion of cells in,  76 
of venrricles, 8 3 ,  283 ,  287 ,  288,  

289,  302 

Ependymomas, of founh venrricle, 
2 1 1  

Epicranial aponeurosis, 10, 436 
Epidermis, 1 1 6, 1 1 8, 1 20, 1 2 1 ,  1 22 
Epilepsy, 85 ,  27 1 ,  476-477 

focal, gliocic scar in,  84 
Jacksonian, 268, 492 
olfacrory aura in, 28 1 ,  493 
pecic ma!, 149, 27 1 ,  483 
cemporal lobe, 280, 493 

Epinephrine, 66, 4 1  S 
Epineurium, 437 ,  477  

of peripheral nerve, 89,  95 ,  97 
Epichalamus, 226-227,  2 3 1  

clinical noces on,  2 3 1  
habenular nucleus in, 222,  226, 

248, 276 
pineal gland of, 226-22 7 ,  2 3 1  

Epichelial basemenr membrane, 30 1 
Epichelial cells, choroidal, 3 0 1  
Ereccile cissue 

auronomic innervacion of, 425 
afrer spinal cord in juries, 430 

Esophageal plexus, 3 7 6 
Erhmoid bone, cribriform place of, 

3 5 5  
Exocyrosis 

in skeleral muscle innervacion, 
1 28 

in smooch muscle innervacion, 
1 3 0  

Expressive aphasia, 268 
Excension, paraplegia in,  334 
Excensor reflex, crossed, 333,  3 34 
Excerocepcive informacion, as-

cending cracc conduccion 
of, 305 

Exceroreceprors, 1 1  S 
Excernal capsule, 244 

laceral w lenriform nucleus, 
248 

Excradural space, 1 59 
hemorrhage inro, 36, 3 7, 4 1 ,  

445, 472,  506 
inrernal venebral venous plexus 

in, 1 59 
Excrafusal fibers 

muscle, 1 2 1 ,  1 2 3  
cendon, 1 2 5 

Excrapyramidal craccs, 335 ,  339, 
496 

Eye, 327 ,  4 1 1 
auronomic innervacion of, 4 1 8, 

4 1 9, 432 ,  5 0 1  
examinacion of, 38 1 

E ye-C ontintted 
fields of vision in .  See Visual 

fields 

5 2 3  

iris of, 3 5 7 ,  3 5 8 ,  3 59, 4 1 8, 4 1 9, 
432 ,  50 1 

auronomic innervacion of, 4 1 8, 
4 1 9  

i n  mainraining balance, 146 
movemenrs of, disorders in,  2 0 1 ,  

202 
reflexes of, 3 5 7-3 59, 426-427 

Eyeball, 294, 444 
oblique muscle of 

inferior, 3 6 1  
superior, 362,  363 

recrus muscle of 
inferior, 36 1 
laceral, 365 ,  3 66 
medial, 358 ,  3 6 1  
superior, 3 6 1  

sagicral seccion of, 444 
Eyelid 

auronomic innervacion of, 4 1 8, 
4 1 9 

levaror palpebrae superioris mus­
cle of, 36 1 ,  4 1 9, 420 

prosis of, 383 

Facial arrery, 457 
Facial canal, 3 69 
Facial colliculus, 1 5 ,  1 7 , 1 8 1 ,  1 83 ,  

1 84, 205 , 207, 208, 365 ,  
367, 368, 39 1 

Facial expression 
defern of, 383-384 

in lower moror neuron lesions, 
384 

in upper moror neuron lesions, 
384 

muscles of, 368 
Facial nerve, 9, 1 0, 1 8 1 ,  1 84, 360, 

367-368, 4 1 8, 4 19, 420, 
436  

auricular branch of, poscerior, 
369 

buccal branch of 
lower, 369 
upper, 3 69 

cervical branch of, w placysma, 
369 

clinical examinacion of, 383-384 
discribucion of, 368, 369 
mandibular branch of, marginal, 

3 69 
nuclei of, 1 7 7 ,  2 1 0, 367,  4 1 0 
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Facial nerve, nuclei of-Continued 
central connections of, 367 
lacrimal, 367,  368, 4 1 8  
moror, 1 84 ,  2 10, 360, 367,  

368,  384 
parasympathetic, 2 1 0 ,  367 ,  

368, 4 1 8  
i n  pons, 1 8 1 ,  1 86, 1 87 
relationship t0 abducent nerve 

nuclei, 2 1 0 
salivary, superior, 4 1 8, 4 1 9  
salivarory, superior, 2 1 0, 367, 

368 
sensory, 2 1 0, 367-368 
in tractus solitarius, 2 1 0, 367 

palsy of, 1 10, 1 1 2 ,  478-479, 499 
ro posterior belly of digastric 

muscle, 368, 369 
roots of, 1 2, 1 82 

moror, 1 70, 368,  369 
sensory, 1 70, 368, 369 

tO stylohyoid muscle, 368,  369 
temporal branch of, 369 

Faix cerebri, 4, 10 ,  20, 2 3 3 ,  293,  
4 3 5 , 4 36, 437 , 438, 444 

j unction with tentorium cere­
belli, 437  

Fascia, superficial, 1 0, 34, 436 
Fasciculation, muscular 

clinical observation of, 14 7 
in lower moror neuron lesions, 

3 36 
Fasciculus 

cuneatus, 1 54 ,  1 5  7, 1 58 ,  1 72 ,  
173 ,  1 74,  307,  309,  3 1 1 , 
3 1 2 , 398 

in jury ro, 3 1 7  
in posterior white column, 

1 57 ,  3 11 ,  3 1 2  
fronto-occipital, 248-249 
gracilis, 1 54 ,  1 5 7 ,  1 58 ,  1 72 ,  1 73 ,  

1 74, 307,  309, 3 1 1 ,  3 1 2 ,  
398 

in jury ro, 3 1 7  
in posterior white column, 

1 57 , 3 1 1 , 3 1 2  
longitudinal 

inferior, 1 9 ,  248 
medial, 1 7 3 ,  1 7 5 ,  1 76,  1 77 ,  

1 8 1 ,  1 84, 1 85 ,  1 86, 1 87 ,  
2 1 3, 2 1 5 , 2 1 6, 2 1 7, 325 ,  
361 ,  362,  363,  366, 370, 
398, 400 

superior, 248 
uncinate, 248 

Fastigial nucleus, of cerebellum, 
194,  1 9 5 ,  350 

Fastigial pathway 
reticular, 3 50 
vestibular, 349, 3 5 0  

Female sexual organs, auronomic 
innervation of, 425  

Femoral artery, 427 
catheter in, 463 

Femoral nerve, 3 
Fenestrations, of endothelial cells, 

300, 3 0 1  
Fetus, brain and spinal cord of, 6 
Fibroma, of peripheral nerves, 

1 1 0 
Fields of vision, 3 56.  See also Visual 

fields 
Film cassette, position of, 2 5 3 ,  2 5 5 ,  

457 , 459, 461 , 463 
Filum terminale, 2 ,  6, 7 ,  26, 2 8, 3 5 ,  

1 5 1 ,  1 52 ,  167 ,  284 ,  485 
Fimbria, of hippocampus, 222 ,  242,  

246, 2 7 5 , 276, 277 , 2 78 ,  
289 

Final common pathway. See Efferent 
(moror) nerve fibers, 
lower motor neurons of 

Fingers, nerve endings in skin of, 
1 1 7 

First-order neurons, 305 
in ascending pathway, 3 5 3  
i n  descending tracts, 3 2 1 ,  322 ,  

3 5 3  
Fissures. See also Sulcus 

of anterior spinal cord, 1 54,  
1 55 

central, 1 1  
of cerebral hemispheres. See 

Cerebrum, sulci of 
choroid, 289 
collateral, 236, 237 ,  238, 239, 

24 1 , 242, 277, 278, 289 
horizontal, of cerebellum, 1 6, 

1 89,  1 90, 1 9 1 ,  1 92 ,  266, 
344 

lateral. See Lateral sulcus, cerebral 
longitudinal, of cerebrum, 1 9, 

20, 223 , 233 , 24 1 
median. See Median fissure 
primary, of cerebellum, 1 6, 1 89, 

190, 1 9 1 ,  1 92 ,  206, 344 
uvulonodular, of cerebellum, 

1 89, 1 92 
Flaval ligament,. 30, 34 
Flexion, paraplegia in, 334 

Flocculus, of cerebellum, 12 ,  1 89,  
1 9 1 ,  192 ,  208 

Floor 
of fourth ventricle. See Fourth 

ventricle, floor of 
of laceral ventricle, 242 
of third ventricle, 230 

Floor plate, of neural tube, 1 7 1 , 
399 

Flower spray endings, of 
neuromuscular spindles, 
1_22 ,  1 23 

Fluid, cerebrospinal. See Cerebro­
spinal fluid 

Folds 
of cerebral hemispheres. See 

Cerebrum, gyri of 
juncrional, at neuromuscular 

junctions, 1 26, 1 2 7 ,  1 36 
of cerebellum, 1 6, 1 89,  1 92 ,  1 94 ,  

344 
Folia, of cerebellum, 1 6, 1 89, 1 90,  

1 92 ,  1 94,  206, 344 
Follicle, hair, nerve endings related 

tO, 1 1 5 - 1 1 7 ,  1 32 
Follicle-stimulating hormone, 403,  

404 
Fontanelles, 473  
Food intake, hypothalamus affect­

ing, 405 
Foot processes, of astrocytes, 7 5 ,  

300, 302 
Foramen 

interventricular, 1 4 ,  1 8,- 2 1 ,  24 ,  
224, 228, 2 36, 240, 246, 
2 5 5 , 283 , 284, 2 8 5 , 286, 
287, 292 

of Luschka, 24,  205, 2 1 0 ,  284, 
285 , 287 

of Magendie, 1 6, 24, 205 ,  208,  
209, 2 10, 284, 285 , 287 ,  
288 ,  344, 489 

magnum, 438,  439,  4 5 0  
accessory nerve fibers i n ,  3 77  
dura mater at, 437 ,  438  
herniation of medulla and 

cerebellar ronsils through, 
1 78 

margin of, 9, 463 
vertebral artery in, 4 6 1 ,  463 

of Monro. See Foramen, inter-
ventricular 

ovale, 44 1 
sacral, 28  
spinosum, 438 



Foramen-Contirmed 
rransversaria, verrebral anery in, 

461  
verrebral, 1 6 5  

Forceps, o f  corpus callosum 
major, 242 , 245 ,  246 
minor, 244, 245 

Forearm, medial curaneous nerve 
of, 1 00 

Forebrain ,  5 
Form appreciarion, res ring of, 1 3  3 
Fornic cerebri. See Cerebrum, for-

nix of 
Fossa 

cranial. See Cranial fossa, posre­
rior 

inrerpeduncular, 18 ,  2 1 3 ,  2 1 4 ,  
2 1 5 , 2 1 6, 2 1 7 , 223 , 224,  
286, 3 59, 3 6 1 ,  363,  390 

rhomboid. See Founh venrricle, 
floor of 

Fourrh venrricle, 9,  1 3- 1 4,  24, 
1 69, 1 7 1 , 205-2 1 1 , 283 ,  
284, 285 ,  287 , 288, 3 7 1 ,  
379, 399, 4 3 7  

blockage o f  foramen in  hydro­
cephalus, 2 1 1  

caviry of, 14 ,  1 5 , 1 6, 1 69, 1 75 ,  
1 79, 1 84,  1 90,  1 9 5 ,  206, 
224, 286, 344, 400 

cerebrospinal fluid in, 288 
posrerior view of, 208 

choroid plexus in, 205 ,  208, 209, 
2 1 0, 2 1 1 , 224, 284, 286, 
287, 288,  344, 399 

cerebrospinal fluid formarion 
in, 292 

clinical nores on, 2 10-2 1 1  
clinical problems on, 2 1 1  

answers ro, 488-489 
facial colliculus in ,  1 5 , 205 ,  207 ,  

208 
floor of, 1 7 ,  1 69, 1 70, 1 76 ,  205 ,  

207,  39 1 
lower pare of, 209 
medial eminence of, 1 8 1 ,  1 83 
medulla oblongara forming, 

208 
pons forming, 208 
srrucrures benearh, 2 1 1 ,  489 
sulcus limirans of, 1 8 1 ,  1 8 3  

floor place of, 1 7 1  
gross appearance of, 205-2 1 0  
hypoglossal rriangle of, 1 5 , 208, 

2 1 0  

Founh venrricle-Continued 
lareral boundaries of, 205 
lareral recess of, I S , 205 
medial eminence of, l 5 ,  1 7 ,  1 8 1 ,  

1 83 , 205,  207, 208, 39 1 
median sulcus of. See Median sul­

cus 
medullary srriae of, 1 5 ,  1 7 , 1 70, 

205, 208 
medullary velum of 

inferior, 14, 1 6, 1 75 ,  205 ,  208, 
209, 2 1 1 , 344, 400, 489 

superior, 14, 1 5 , 1 6, 1 8, 1 84,  
185 ,  1 86, 206, 208,  2 1 1 , 
344, 362, 489 

posrerior wall of, 205 
rhomboid fossa of. See Fourrh 

venrricle, floor of 
roofof, 1 5 ,  1 6, 1 90, 205,  206, 

344 
aperrures in, 2 1 1 , 489 

cerebrospinal fluid escape 
rhrough , 292 

lareral, 1 5 , 205 ,  2 1 0, 284,  
285 , 287 

median, 1 5 , 1 6, 190, 205 ,  
206, 208, 209, 2 1 0, 284 ,  
285 , 287, 288, 344, 489 

posrerior view of, 1 5 , 209 
roof place in developmenr of, 

1 7 1  
saginal secrion of, 288 
srriae medullaris of, 1 5 , 1 7, 1 70, 

205, 207, 208 
subsranria ferruginea of, 1 8 1 ,  

183 , 205 ,  207 
sulcus limirans of, 15 ,  1 7 , 1 69, 

1 7 1 ,  1 8 1 ,  183 ,  205 ,  207 ,  
208,  3 9 1 , 399 

re la choroidea of, 205,  208 
rumors of, 2 1 1  
vagal rriangle of, 1 5 , 208,  2 1 0 

Fracrure 
and dislocarions of spinal cord 

cervical region, 29 
lumbar region, 29 
rhoracic region, 29 

of skull, 33 ,  35  
pond, 35  

of  verrebral column, 29 ,  340, 496 
Free nerve endings, 1 1 6, 1 32 
Frey's syndrome, 429 
Friedreich's araxia, 39-40, 497 
Frohlich syndrome, 406-407,  

499-500 

Fronral bone, 1 1  
orbiral place of, 2 5 3 ,  2 5 5  

Fronral eye field, 2 6 3 ,  2 64, 3 58,  
492 

lesions of, 268 
Fronral gyrus 

inferior, 1 3 , 234, 2 3 5  
medial, 236  

5 2 5  

middle, 1 3 , 234, 2 3 5 ,  256 ,  49 1 
superio� 1 3 , 2 34,  2 3 5 , 4 5 2  

Fronral lobe, 4 ,  1 1 , 1 2 ,  2 0 ,  4 2 ,  1 98,  
223 ,  229, 23 3-2 3 5 ,  24 1 ,  
245,  249, 276,  394, 402, 
403, 474 

correx of, 222 ,  262-265 
gyrus of. See Fronral gyrus 
lesions of, 272-273 ,  492 
lobecromy of, 269 
sulcus of, 2 34, 2 3 5 ,  238 
rhalamocorrical fibers ro ,  247 

Fronral nerve, 365 
Fronral pole, cerebral, 19 ,  20 ,  234,  

2 3 5 , 236, 237 , 238 ,  243,  
246,  248, 252 , 2 5 4  

Fronral sinus, 442 
Fronro-occipiral fasciculus, 248-

249 
Fronropolar arrery, 4 5 7  
Fronroponrine fibers, 1 8, 2 1 ,  23 ,  

2 1 5 , 2 1 6,  2 1 7 , 247 
Fundi, ocular, examinarion of, 

3 8 1  
Fusiform cells, cerebral, 2 5 7 ,  2 5 8  

Gair, in  cerebellar dysfuncrion, 
200, 202 

Gallamine, 1 3 3 ,  48 1 -482 
Gallsrone colic, 5 0 1  
Gamma fiber, efferenr, 1 2 3 ,  1 44 ,  

1 5 1 , 324,  3 3 2  
Ganglion 

auronomic. See Auronomic ner­
vous sysrem, ganglia of 

basal, 20, 240, 242-244, 2 56, 
49 1 

clinical nores on, 2 5 1  
ciliary, 3 5 7 ,  358 ,  3 59, 36 1 ,  4 1 2, 

4 1 8, 4 1 9 , 426 
geniculare, 367 ,  368, 369 
on glossopharyngeal nerve, 3 72 ,  

373 ,  3 74 
mesenreric, 422 
oric, 3 69, 374,  4 1 2 ,  420 
of peripheral nervous sysrem, 1 ,  

29, 97 
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Ganglion-Continued 
of posterior root of spinal nerve. 

See Posterior root gan­
glion, spinal 

sacral, posterior root, 3 5 
sensory. See Sensory ganglia; 

Posterior root ganglion, 
sensory 

spinal. See Posterior root gan­
glion, spinal 

spiral, of cochlea, 368,  37 1 ,  372  
sympathetic, 4 ,  2 5 ,  99 ,  409, 4 1 0, 

4 1 4  
cervical, 3 59,  4 1 9, 420, 42 1 ,  

427, 438 
longitudinal section of, 99 
lumbar, 427 
sacral, 427 

trigeminal, 1 77 ,  294, 360, 362,  
364,  365 , 439 

vagus nerve 
inferior, 3 7 3 ,  3 7 5 ,  376 
superior, 375 ,  376 

vestibular, 368,  3 70,  3 72 
Ganglioneuroma, 68 
Ganglionic blocking agents, 69,  70, 

4 1 3 , 4 14 , 476 
Ganglionic cells, in  vision, 3 5 7 
Ganglionic layer 

of cerebral cortex, 260, 2 6 1  
of retina, 3 5 4  

Gap junctions, a t  neuromuscular 
junction, 1 3 1  

Gastrocnemius muscle, innervation 
of, 1 46 

Gastrointestinal tract 
autonomic innervation of, 42 1 -

423 
after spinal cord injuries, 429-

430 
Geniculate body 

lateral, 2 14 ,  2 2 1 ,  224, 225 ,  3 56,  
3 5 7 , 360, 382,  392,  393 

neurons of, in  vision, 3 5 7 
medial, 2 1 3 ,  2 14 ,  2 2 5 ,  370, 3 7 1 ,  

392, 393 
Geniculate ganglion, 367,  368,  369 
Genioglossus muscle, 3 80 

hypoglossal nerve innervation of, 
3 7 5 ,  379 

Geniohyoid muscle, nerve to ,  380 
Genital organs 

autonomic innervation of, 425-
426 

in hypothalamic dysfunction, 2 3 1  

Gennari, stria of, 260 
Ge nu 

of corpus callosum, 14, 22, 222,  
224, 2 36, 240, 24 1 , 242,  
244, 245, 247, 279, 286 

of internal capsule, 22 ,  240, 247, 
249, 3 5 3  

Glands, 4 1 5  
adrenal. See Suprarenal gland 
lacrimal, 368, 4 1 1 , 4 1 8-420 
nasal, 368 
palatine, 368 
parocid ,  372 , 374, 4 1 1 , 4 1 8, 420 
pineal. See Pineal body or gland 
pituitary. See Hypophysis cerebri 
salivary 

sublingual, 368, 4 1 1 ,  4 1 8 ,  4 1 9  
submandibular, 368,  4 1 1 ,  4 1 8, 

4 1 9  
sebaceous, 1 18 
suprarenal. See Suprarenal gland 
thyroid, carcinoma of, 40, 47 1 

Glial cells 
of pineal body, 226 
processes of, 302 

Glioblasroma, 84 
Glioma, 8 5 ,  477 
Gliosis, 76, 84, 476 
Gliotic scar, 84, 476 
Globose-emboliform-rubral path-

way, 328,  348, 349 
Globose nucleus, 1 94,  1 95 
Glob us pallid us, 22 ,  23 ,  22 5 ,  240, 

24 1 , 244, 3 3 1 , 390, 40 1 
Parkinson's disease affecting, 3 3 8  

Glomeruli, synaptic, o f  olfactory 
bulb, 354,  3 5 5  

Glossopharyngeal nerve, 9 ,  1 0, 1 2 ,  
1 70, 1 82 ,  369, 370-372,  
373 , 3 7 5 , 387, 420, 436,  
499 

clinical examination of, 385  
distribution of, 3 7 4 
ganglion on, 3 7 2 

inferior, 373 ,  374 
superior, 373 ,  374 

lingual branches of, 365 ,  369, 
374, 380, 4 1 8  

i n  medulla oblongaca, 1 78 
nuclei of, 373 ,  4 1 0, 4 1 2  

ambiguus, 1 77  
central connections of, 3 73 
motor, 370, 373  
parasympathetic, 3 70-3 72 ,  

373  

Glossopharyngeal nerve, nuclei 
of-Continued 

salivary, inferior, 4 1 8, 420 
salivatory, inferior, 370-372,  

373  
sensory, 3 7 2 
of tractus solitarius, 3 72 ,  3 73 

pharyngeal branch of, 3 74 
rootlets of, 3 7 4 
ronsillar branches of, 3 74 
tympanic branch of, 369, 3 72 ,  

374, 4 18, 420 
Glycogen, in neurons, 54  
Golgi apparatus, of  neurons, 48 ,  

49 ,  50 ,  55 ,  7 7 ,  8 1  
Golgi cells 

in cerebellar cortex, 1 93 ,  1 94,  
197 ,  1 99, 345 

type I ,  43 ,  46, 70, 475 
type I I ,  43 ,  46,  70, 475 

Gracilis nucleus, 5 ,  1 69, 1 72 ,  1 73 ,  
1 74 ,  3 1 1 , 3 1 2 ,  394, 398 

tubercle of, 5 ,  9, 1 5 , 1 7 ,  1 69,  
1 70, 208, 209, 3 9 1  

Gran Jar areas, of cerebral cortex, 
heterotypical, 2 6 1  

Granular cells 
in  cerebellar cortex, 193 ,  1 99, 

345 
of !factory bulb, 3 54 ,  3 5 5  

Granular layer 
of cerebellar cortex, 46, 1 89, 

1 9 3 ,  194, 1 99 ,  345 
of cerebral cortex 

external, 260, 2 6 1  
internal, 260, 2 6 1  

o f  dentate gyrus, 2 7 7 ,  278  
Gran Jation, arachnoid. See 

Arachnoid villi, granula­
tions of 

Granule cell, of cerebellar cortex, 
47 

Granules 
fine chromatin, in nucleus, 5 0  
lip fuscin, 54, 5 9, 8 1  
melanin, i n  neurons, 5 4  

Gray columns of spinal cord 
anterior, 2, 8, 2 5 ,  48, 5 2 ,  54 ,  62, 

1 5 1 ,  1 52 ,  1 53 ,  1 54 ,  1 5 5 ,  
1 56, 1 7 1 ,  1 74 ,  1 77 ,  399 

accessory nucleus in, 1 56 
central group of nerve cells in, 

1 56 
degeneration of cells in, 1 49,  

484 



Gray columns of spinal cord, 
anterior-Continued 

efferent neurons in, 1 0 5 ,  1 5 1 ,  
360, 399 

lateral group of nerve cells in, 
1 5 3 ,  1 54, 1 56 

in leg muscle innervation, 1 5 3  
lumbosacral nucleus in, 1 56 
medial group of nerve cells in ,  

1 5 3 ,  1 54 ,  1 56 
motor neurons of, 1 0 5 ,  1 7 1 ,  

360, 399 
in  muscle tone, 1 46 
nerve cell groups in, 1 5 1 ,  1 56 
nervous input affecting, 1 42-

1 4 5 ,  146 
phrenic nucleus in, 1 56 
in simple reflex arc, 1 22 ,  1 26, 

1 4 1  
spinal nucleus of accessory 

nerve spinal root in ,  3 77  
in trunk muscle innervation, 

1 5 3  
i n  upper limb muscle innerva­

tion, 1 5 3, 1 54 
gray commissure uniting, 1 5 1 . See 

also Gray commissure of 
spinal cord 

lateral, 2 5, 1 5 1 ,  1 5 2, 1 5 3, 1 5 4 ,  
1 56, 4 1 0  

nerve cell groups in ,  1 5  3 ,  1 54 ,  
1 56 

posterior, 2 ,  8, 2 5 ,  1 5 1 ,  1 52 ,  
1 5 3 ,  1 54 ,  1 5 5 ,  1 7 1 ,  399 

nerve cell groups in ,  1 56 
nucleus dorsalis in, 1 53 ,  1 54 ,  

1 56 , 3 1 2 ,  3 1 3 , 345 
nucleus proprius in ,  1 56 
sensory cells of, 1 7 1 ,  399 
subsrantia gelatinosa group in, 

1 56, 307 
visceral afferent nucleus in, 

1 56 
Gray commissure of spinal cord, 2 ,  

8 ,  1 5 1 ,  1 5 3 ,  1 54 ,  1 56-
1 57 ,  288 

anterior, 1 5 7 ,  167 ,  486 
posterior, 1 56 

Gray horn of spinal cord. See Gray 
columns of spinal cord 

Gray matter, 1 ,  39, 4 7 1  
central, 1 8, 1 76,  2 1 3 , 2 1 5 , 2 1 6, 

2 1 7 , 287 
of cerebellum, 1 89- 1 95 
of cerebral cortex, 22 ,  240 

Gray matter-Continued 
of spinal cord, 2, 7 ,  8, 1 5 1 - 1 57 ,  

167 ,  1 7 1 , 399, 485  
anterior gray column of. See 

Gray columns of spinal 
cord, anterior 

central canal in, 1 5 1 , 1 5 2 ,  1 5 5 ,  
1 5 6- 1 5  7 .  See also Central 
canal of spinal cord 

fibrous astrocytes in, 7 3 
gray commissure in, 2, 8, 1 5 1 , 

1 53 ,  1 54, 1 56- 1 57 ,  288 
lateral gray column in, 2 5 ,  1 5 1 ,  

1 52 ,  1 5 3 ,  1 54 ,  1 56, 4 1 0  
posterior gray column in. See 

Gray columns of spinal 
cord, posterior 

structure of, 1 5 1 
Gray rami communicantes, of spinal 

nerves, 4, 2 5 ,  26, 409, 
4 10 

Groove, basilar, 1 8 1 ,  1 82 ,  1 84,  1 86 
Growth hormones, 403 
Gyrus (gyri) 

of cerebral hemispheres, 233-
237 .  See also Cerebrum, 
gyri of 

cingulate, 1 4, 224, 236, 286,  
394 

dentate, 2 7 5 ,  276,  277 ,  278 ,  
289 

frontal. See Frontal gyrus 
lingual, 23 7 
occipitotemporal, 236,  23 7 
orbital, 237 ,  239 
parahippocampal, 223 ,  236, 2 3 7 ,  

239, 2 7 5 ,  276, 277 , 278 ,  
289 

of parietal lobe, 2 3 5  
postcentral, 1 3, 19,  234, 2 3 5  
precentral, 1 3, 1 9 ,  234, 2 3 5 ,  

264, 440 
recrus, 2 3 7 ,  239 
temporal, 13 ,  235 ,  239,  452  

Habenula, 1 7 ,  3 9 1  
Habenular commissure, 224, 226, 

244, 248, 286 
region of, 276 

Habenular nucleus, 226, 248 
region of, 222, 2 76 

Hair, 1 1 8, 1 1 9 
arrector muscles of, 1 1 8 
external root sheath of follicle, 

1 19 

5 2 7  

Hair-Continued 
nerve endings related to follicles, 

1 1 5- 1 1 7 , 1 1 8, 1 1 9, 1 32 ,  
1 36, 480 

probable function of, 1 3 2  
nerve plexus around follicle, 1 1 8 
olfactory, 354, 3 5 5  

Hand 
nerve endings in skin of fingers, 

1 1 7 
thalamic lesions affecting, 2 30-

2 3 1 ,  395 
Head 

of caudate nucleus, 22 ,  2 3 ,  222,  
240, 24 1 , 242, 243,  245 ,  
247 

coronal section of upper part of, 
1 0 ,  436 

corticonuclear fibers of, 247 
injuries of, 4 1 ,  446, 447 ,  466, 

472 ,  5 02 .  See also Trauma, 
of head 

right side of, 440 
skin of, 1 0  
superior view of, 442 

Heart, 3 7 6, 4 1 1 ,  4 1  5 
autonomic innervation of, 420-

42 1 ,  427-428 
diseases of, 465 
neuromuscular junctions on mus­

cle of, 1 32 ,  1 3 5  
Hematoma, subdural, 447, 503 , 506 
Hemianopia, 3 8 1  

bitemporal, i n  optic chiasma le-
sions, 382 

crossed homonymous, 269 
left temporal, 382 
right nasal, 382 
quadrantic 

inferior, 269 
superior, 269 

Hemiballismus, 3 3 7, 34 1 ,  49 1 ,  497 
Hemiplegia, 3 36, 340, 386 

homolateral, 447, 503 
Hemispheres 

cerebellar. See Cerebellum, hemi­
spheres of 

cerebral. See Cerebrum, hemi­
spheres of 

Hemorrhage 
cerebral, 3 7 ,  38 ,  4 1 ,  446-447 ,  

466, 473  
in infants, 446-447 ,  503 

extradural, 36, 3 7 ,  4 1 ,  445 ,  
472 ,  506 
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Hemorrhage-Continued 
intracranial, 36, 3 7 ,  38 ,  44 5-446, 

466 
in  infants, 38, 446, 447 

pontine, 1 87 ,  1 88 
subarachnoid, 38,  4 1 ,  445,  446, 

466, 473  
subdural, 36 ,  37 ,  38 ,  4 1 ,  2 1 9, 

445-446, 473 , 489 
Herniation 

of intervertebral discs, 29, 3 1 ,  
40-4 1 ,  472 

cervical, 3 1 
clinical problems on, 40-4 1 

answers to, 472 
lumbar, 3 1 , 147- 148, 482 

of medulla and cerebellar tonsils, 
through foramen magnum, 
1 78 

of nucleus pulposus, 3 1 ,  32 
Herpes zoster, 148, 482 

spinal cord in, 148 
Heterotypical areas, of cerebral 

cortex, 2 6 1  
Hexamethonium salts, as blocking 

agents, 69, 4 1 3 ,  4 14 ,  476 
Hilus, neurovascular, 1 24 
Hindbrain, 5 ,  1 3- 1 4  

vesicle formation, 1 69 
Hippocampal formation, 276 
Hippocampohypothalamic fibers, 

397, 402 
Hippocampus, 242,  243,  2 7 5 ,  276,  

277 , 289, 493 
afferent connections of, 278 
alveus of, 242, 246,  275 ,  2 76, 

278 
coronal section of, 278 
efferent connections of, 2 78-2 79 
fimbria of, 242,  246, 2 7 5 ,  2 76, 

2 7 7  
fornix origin i n ,  2 2 1  
molecular layer of, 277 ,  278  
pes  hippocampus, 2 7 5 ,  277  
polymorphic layer of, 277 ,  278  
pyramidal layer of, 277 ,  2 78 
structure of, 277-279 

Hirschsprung's disease, 39, 429, 
500 

Homotypical areas, of cerebral 
cortex, 2 6 1 , 266-267 

Homunculus, motor, 324 
on precentral gyrus, 2 64 

Horizontal cells, of cerebral cortex, 
257 , 2 5 8  

Horizontal fissure, cerebellar, 1 6, 
1 89, 1 90, 1 9 1 ,  192 ,  206,  
344 

Hormones 
adrenocorticotropic, 403, 404 
follicle-stimulating, 403, 404 
growth, 403 
hypothalamic control of, 402, 

403, 404 , 407 , 4 1 3  
lactogenic, 403 
luteinizing, 403, 404 
luteotropic, 403, 404 
melanocyte-stimulating, 403, 404 
oxytocin, 402 
prolactin, 403 
release-inhibiting, 403, 404 
releasing, 403, 404 
somatotropic, 403, 404 
thyroid-stimulating, 403, 404 
thyrotropic, 403 
vasopressin, 402 

Horn(s) 
of lateral ventricle. See Lateral 

ventricle 
of spinal cord. See Gray columns 

of spinal cord; White col­
umns of spinal cord 

Homer's syndrome, 428, 500 
Hunger center, hypothalamic, 405 
Hydrocephalus, 1 80, 2 1 9-220, 

295-296, 407, 472-473 ,  
486, 489-490, 494, 5 00 

in Arnold-Chiari malformation, 
1 7 8  

cerebral aqueduct blockage in, 
2 1 9  

conditions causing, 2 1 1 
definition of, 2 1 1  
lateral ventricle distention in, 

250  
Hyoglossus muscle, 375 ,  380  
H yperkalemic paralysis, 1 3  5 
Hypertension, 432,  470, 502 ,  506 

sympathectomy in, 430 
Hyperthermia, with hypothalamic 

lesions, 406 
Hypertonia, 3 3 5 ,  336 
Hypogastric plexus, 424,  425 ,  426 
Hypoglossal nerve, 1 0, 1 70, 1 7 1 , 

1 7 3 ,  1 7 5 ,  1 79, 1 82 ,  3 7 5 ,  
379, 380, 398, 399, 400, 
436 

clinical examination of, 385 
descending branch of, 380 
distribution of, 380 

H ypoglossal nerve-Continued 
to genioglossus muscle, 3 7 5 ,  3 79 
in medulla oblongata, 1 75, 1 78 
nucleus of, 1 73 ,  1 7 5 ,  1 76 ,  1 77 ,  

1 79, 2 1 0 , 2 1 1 , 3 7 5 ,  379,  
398, 400 

central connections of, 3 79 
roots of, 1 2  

Hypoglossal triangle, 1 5 , 1 7, 1 70, 
208, 2 1 0, 3 9 1  

Hypokalemic paralysis, 1 3 5  
Hypophyseal portal system, 403 ,  

407,  5 00 
H ypophysectomy, 407 
Hypophysis cerebri, 14,  224, 227 ,  

286, 402, 438, 441  
anterior lobe of, 44 1 
chromophobe adenoma of, 2 3 1  
connections with hypothalamus, 

40 1 -402 
posterior lobe of, 44 1 

Hypoplasia, genital, in 
hypothalamic dysfunction, 
23 1 

Hyporension, postural, 465 
Hypothalamohypophyseal tract, 

402 , 403 , 407,  5 00 
Hypothalamus, 1 8 , 2 2 1 ,  2 2 7-228,  

407,  5 00 
afferent connections of, 397,  

40 1 , 402 
amygdalohypothalamic fibers 

in, 397 
corticohypothalamic fibers in, 

397, 402 
hippocampohypothalamic 

fibers in, 397 ,  402 
olfactory fibers in, 397,  402 
sagittal section of brain show-

ing, 402 
somatic ,  397, 402 
tegmental fibers in, 40 1 ,  402 
thalamohypothalamic fibers in, 

40 1 , 402 
visceral, 397, 402 

auronomic control by, 403-404, 
407, 4 1 2 ,  4 1 3  

and circadian rhythm control, 
405 , 406 

clinical notes on, 23 1 ,  405-406 
cli ical problems on, 406-407 

answers to, 499-5 00 
co nections of, 397-407 

·ith hypophysis cerebri, 
4 0 1 -402 



Hypothalamus-Continued 
disorders of, 4 9 1  
dorsomedial nucleus of, 2 2 5 ,  

228, 229, 397, 40 1 
efferent connections of, 4 0 1 ,  403 

fibers ro brainstem and spinal 
cord, 40 1 ,  403 

mammillotegmental tract, 40 1 ,  
403 

mammillothalamic tract, 229, 
2 7 5 , 2 76, 400, 40 1 , 403 

sagittal section of brain show­
ing, 403 

emotion and behavior affected 
by, 405 

endocrine functions of, 402, 403, 
404, 407, 4 1 3  

and food and water intake regu­
lation, 405,  406 

forming inferior wall of third 
ventricle, 230 

forming lateral wall of third ven-
tricle, 228 

functions of, 403-405 
as hunger center, 405 
and hypophyseal portal system, 

403, 407 
hypothalamohypophyseal tract, 

402 , 403, 407 
inferior surface of brain showing 

pares of, 399 
infundibular nucleus of, 228, 

229, 397, 401  
infundibulum of, 1 2 , 1 8 ,  22 1 ,  

223 , 224, 227-228, 230 
lamina terminalis of, 14 ,  1 8, 224, 

227, 228, 246, 286 
lateral nucleus of, 228,  229, 397,  

400 
large, 397,  4 0 1  
posterior, 2 2 5  
tuberal, 2 2 8 ,  2 2 9 ,  397 

lesions of, disorders with, 406 
in limbic system, 2 7 5  
mammillary bodies of, 227 ,  228, 

229, 2 30 
medial nuclei of, 228,  229, 397,  

400 
nuclei of, 228,  229, 367,  3 7 3 ,  

3 7 5 , 394 ,  397 
coronal section of cerebral 

hemispheres showing, 401  
saginal section of  brain show­

ing, 400 
optic chiasma of, 227,  230 

Hypothalamus-Continued 
and oxyrocin synthesis, 402 
paraventricular nucleus of, 228, 

229, 397, 401 
posterior nucleus of, 228, 229,  

397 
preoptic area of, 227,  228 
preoptic nucleus of, 228, 229, 397 
region of, 1 4, 402 
saginal section of brain showing, 

398, 400, 402 , 403 
as satiety center, 405 
sulcus of, 22 1 ,  224, 228, 286 
supraoptic nucleus of, 228, 229, 

397 
syndromes of, 2 3 1 
in temperature regulation, 405,  

406 
as thirst center, 405, 406, 407 
tuber cinereum of, 227-228, 230 
tuberomammillary nucleus of, 

228, 229, 397, 40 1 
and vasopressin synthesis, 402 
ventromedial nucleus of, 228,  

397, 40 1 
Hypothermia, with hypothalamic 

lesions, 406 
Hyporonia, 336 

in  cerebellar dysfunction, 200 

Ilium, spine of, 35  
Impulse conduction. See Nerve, im­

pulse conduction 
I ncisure, Schmidt-Lanterman, 1 1 1 , 

477 
on myelinated nerve fibers, 87,  

92, 93  
Indusium griseum, 275 ,  276  

of body of  corpus callosum, 2 79 
of genu of corpus callosum, 2 79 
lateral longitudinal striae with, 

276, 279 
medial longitudinal striae with, 

276, 279 
of splenium of corpus callosum, 

279 
Infants, intracranial hemorrhage in ,  

446, 447 
I nfarctions, of pons, 187  
I nferior colliculus. See Colliculus, 

inferior 
I nfraorbital nerve, 365 
I nfundibular nucleus, of hypo­

thalamus, 228, 229, 397, 
40 1 

5 2 9  

Infundibulum, of hypothalamus, 
1 2 ,  1 8, 22 1 ,  223 ,  224, 
227-228,  230, 239, 286, 
439, 44 1 

In juries. See Trauma 
Innervation 

of muscles 
segmental, 1 39- 1 40, 145- 146 
skeletal, 1 24 - 1 2 8  
smooth, 1 30- 1 3 2  

reciprocal, law of, 3 3 3 ,  334 
of  skin, segmental, 1 39, 1 4 5  

I nsomnia, with hypothalamic le­
sions, 406 

Insula, of cerebral cortex, 22, 233 ,  
237 , 240, 24 1 , 266 

Intention tremor, 1 87 ,  34 1 ,  497 
Intercavernous sinus, 439 

anterior, 443 
posterior, 443 

Intercosral nerve, 2 5  
anterior cutaneous branch of, 2 5 
lateral cutaneous branch of, 2 5 
muscular branches of, 2 5  

Internal capsule, 1 7, 2 1 ,  2 2 ,  2 3 ,  
22 1 , 222 , 224, 225 ,  24 1 ,  
243, 247, 249, 2 5 1 , 2 56, 
308, 309, 3 1 0, 322 , 323 ,  
3 5 7 ,  390 ,  39 1 , 4 5 3  

acoustic radiation of, 3 70, 3 7 1  
anterior limb of, 22,  240, 247,  

249 
arteries ro, 4 5 5 
audirory radiation of, 266 
blood supply of, 468, 505 
clinical notes on, 2 5 1 ,  2 56  
genu of, 22,  240, 247 ,  249, 3 5 3  
posterior limb of, 2 2 ,  240, 247,  

249, 324 
vascular disorders affecting, 2 5 1 ,  

2 5 6  
Internuncial neurons, 3 39, 3 53 ,  

495 
synapse with effecror neuron, 333  

Interoreceprors, 1 1 5 
Interpeduncular cistern, 2 5 5 ,  288 
Interpeduncular fossa, 1 8, 2 1 3, 

2 14 , 2 1 5 , 2 1 6, 2 1 7, 223 ,  
224, 286, 36 1 , 363 ,  390 

oculomoror nerve in,  3 59 
Intersegmental nerve traces, 1 58, 

1 59, 3 3 0  
in  anterior white column, 1 59 
in lateral white column, 1 59 
in posterior white column, 1 59 
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l nterspinous ligament, 30, 34 
Interrhalamic connecrion, 24, 222 ,  

224, 2 2 5 , 228, 285 ,  286, 
389, 392, 4 0 1  

lnterventricular foramina (of 
Monro) ,  14, 1 8, 2 1 ,  24, 
224, 228, 236, 240, 246, 
2 5 5 , 283 ,  284,  285 ,  286, 
287, 292 

sire of, 2 5 5  
Interverrebral disc, 3 0  

anulus fibrosus of, 3 0 ,  32 
d iagrammaric representarion of, 

32 
herniarion of, 29, 3 1 ,  40-4 1 ,  4 72  

cervical, 3 1  
lumbar, 3 1 ,  1 4 7 - 1 48,  482 

lumbar, 28, 30,  3 1 ,  34, 1 4 7 - 1 48,  
482 

nucleus pulposus of, 3 0  
herniarion of, 3 1 , 3 2  

relarionship r o  cauda equina, 30 
Interverrebral foramen, 3 0  
Inresrines 

auronomic innervarion of, 42 1 -
42 3 

small, 4 1 1  
Inrracranial hemorrhage, 36, 3 7 ,  

38 , 445-446, 466 
in  i nfants, 38, 446, 44 7 

lnrracranial pressure 
clinical problems on, 4 1  

answers ro, 4 7 3 
increase wirh rumors of posrerior 

cranial fossa, 1 78 
Inrracranial rumors, 38,  4 1 ,  1 80, 

473 
l nrrafusal fibers, 1 2 5 ,  1 36, 480- 4 8 1  

of neuromuscular spindles, 1 2 1 ,  
1 23 ,  1 24 

of neurorendinous spindles, 1 24, 
1 25 

nuclear bag, 1 2 1 ,  1 23 ,  1 2 4  
nuclear chain, 1 2 1 ,  1 2 3 ,  1 24 

lntralaminar nuclei , of rhalamus, 
390, 392,  393 

I nrrinsic fibers, of cerebellum, 1 9 5 ,  
343 

Involuntary movemenrs of muscles, 
147 ,  1 49 

Iris 
auronomic innervarion of, 4 1 8,  

4 19, 432 ,  5 0 1  
consrricror pupillae muscle of, 

3 5 7 ,  358 ,  3 5 9  

Ischemia, cerebral, 464-466 
Isoprorerenol, 4 1 6  
Isrhmus, of cingulare gyrus, 23  7 

Jacksonian epilepsy, 268,  492 
Joinr 

ankle, flexion of, 32 
carrilaginous, 30 
of cervical verrebra, 30 
of lumbar verrebra, 30 
passive movemenr of, resri ng of, 

1 3 3  
synovial, 3 0  
o f  rhoracic verrebra, 30 

Jugular vein,  internal, 4 54 
superior bulb of, 44 l 

Juncrion 
gap, 1 3 1  
righr. See Tighr juncrion 

Juncrional folds 
of moror plare, 1 2 6, 1 2 7 ,  1 36, 

48 1 
of sarcolemma, 1 30 

Kidney, 376, 4 1 1 ,  423 
auronomic innervarion of, 423-

424 
Klumpke's paralysis, 5 00 
Kluver-Bucy syndrome, 280, 493 
Knee j erk, 1 36, 140, 4 8 1  
Krause, bulbous corpuscles of, 1 1 9 ,  

122 ,  1 32 

Labyrinrhine arrery, 45 1 ,  4 5 3  
Lacrimal gland, 4 1 1 ,  420 

auronomic innervarion of, 4 1 8-
420 

facial nerve ro, 368 
Lacrimal nerve, 365,  4 1 8, 420 
Lacrimal nuclei, of facial nerve, 

367, 368, 4 1 8  
Lacrimarory nucleus, 4 1 8, 420 
Lacrogenic hormone, 403 
Lacuna 

lareral, 442 
venous, 439 

Lambdoid surure, 2 5 3 ,  2 5 5 ,  463 
Lamellae, of Pacinian corpuscle, 

1 2 1  
Lamina 

basal, of peripheral nerve, 93 
medullary, of rhalamus 

exrernal, 225 ,  226, 389, 390 
inrernal, 225 ,  226, 389, 390, 

392 

Lamina-Continued 
rerminalis, of h yporhalamus, 1 4 ,  

18 , 224, 227 , 228, 246, 
286 

Laminecromy, 484 
Laryngeal nerve 

exrernal, 3 76  
i nrernal, 3 76 
recurrenr 

lefr, 3 76 
righr, 3 76 

superior, 3 7 6 
Lareral aperrure of fourrh venrricle, 

1 5 , 2 0 5 , 2 1 0 , 284, 285 ,  
287  

Lareral lemniscus, 1 85 ,  1 86,  1 87 ,  
2 1 5 , 2 1 6, 2 1 7 ,  3 70, 3 7 1  

i n  midbrain, 2 1 5 ,  2 1 6, 2 1 7  
nucleus of, 370,  3 7 1  
m ns, 1 8 5 ,  1 86, 1 87 

Lareral nerve cell group 
for innervarion of leg muscles, 

1 53 
for innervarion of upper limb 

muscles, 1 5  3, 1 54 
Lateral nucleus 

of hypothalamus, 228,  229 
large, 397,  40 1 
posrerior, 2 2 5  
ruberal, 228, 2 2 9 ,  3 9 7  

of thalamus 
dorsal, 389, 390, 392 
posrerior, 389, 392 

Lareral sulcus, cerebral, 1 ,  1 1 , 1 3 , 
20, 22 , 2 3 3 , 2 3 5 , 240, 
24 1 ,  245, 2 77 

anterior ascending ramus of, 2 3 3 ,  
2 3 5 , 2 3 8  

anterior horizonral ramus of, 
233 , 2 3 5 , 2 3 8  

insula i n ,  2 3 3 ,  24 1 
posterior ramus of, 2 3 3 ,  2 3 5 ,  

238 
Lareral venrricle, 2 1 ,  228,  2 3 7 ,  

240-242, 246, 247, 2 56, 
283 , 284, 390, 4 0 1 , 4 5 3 ,  
49 1 

anrerior horn of, 22,  24, 240, 
24 1 , 242, 243 , 245 , 246, 
247, 2 5 3 , 2 5 5 , 283 , 285 

fl or of, 242 
medial wall of, 242 
roof of, 242 
seprum pellucid um separating, 

2 5 0  



Lateral ventricle-Continued 
body of, 24, 240, 24 1 ,  242, 243,  

2 5 3 , 2 5 5 , 283 , 285  
floor of, 242 
medial wall of, 242 
roof of, 242 

cavity of, 277, 287,  289 
coronal section of, 289 

choroid plexus of, 222, 2 2 5 ,  24 1 ,  
242, 2 50-2 5 1 ,  283 , 284, 
289 

cerebrospinal fluid formation 
in, 292 

choroidal fissure of, 242 
clinical investigation of, 2 5 1  
clinical notes on, 2 5 0-25 1 
coronal section of, 287,  289 
disorders of, 2 5 0  
distention i n  hydrocephalus, 

2 5 0  
exposed from above, 2 2 2  
inferior horn of, 2 4 ,  222 ,  240, 

24 1 , 242, 243, 2 5 5 , 283 ,  
285 , 390 

cavity of, 278, 289 
floor of, 242 
roof of, 242 

pneumoencephalography of, 2 5 1 ,  
252-255 ,  2 5 6  

posterior horn of, 22 ,  2 4 ,  222 ,  
240, 24 1 ,  242, 243 , 2 5 5 ,  
2 7 7 ,  2 8 3 ,  285  

bulb of, 242 
lateral wall of, 242 
medial wall of, 242 
roof of, 242 

Law of reciprocal innervation, 3 3 3 ,  
334 

Lead poisoning, 1 1 2 ,  479 
Leg. See Lower limb 
Lemniscus 

lateral. See Lateral lemniscus 
medial. See Medial lemniscus 
spinal. See Spinal lemniscus 
trigeminal, 2 1 5 ,  2 1 6, 2 1 7, 362, 

364, 394 
Lenticulostriate artery, 4 5 9  

rupture of, 38  
Lentiform nucleus, 1 7 , 2 1 ,  2 2 ,  2 3 ,  

1 98, 2 14, 240, 24 1 , � 
244, 245 , 246, 247, 248,  
322,  39 1 , 394 , 4 5 3  

claustrum, 22 ,  240, 24 1 ,  243,  
244 

external capsule lateral to, 248 

Lentiform nucleus-Continued 
globus pallidus, 22 ,  2 3 ,  2 2 5 ,  240, 

2 4 1 , 244, 3 3 1 ,  338, 4 0 1  
putamen of, 22 ,  23 ,  2 2 2 ,  225 ,  

240, 2 4 1 , 244 
Leptomeninges, 44 5 
Lesions. See Cerebrovascular disor-

ders; Trauma; Tumors 
Lethargy, 270 
Leukotomy, frontal, 269 
Levator palpebrae superioris mus­

cle, 3 6 1 , 4 1 9, 420 
Ligament( um) 

denticulum, 4 ,  7, 9,  1 52 ,  1 60, 
167, 485 

flavum, 30, 34 
interspinous, 30, 34 
longitudinal, 30, 34 
supraspinous, 30, 34 
sutural, 435 ,  437 

Light reflexes, 357 ,  426 
direct, 357,  426 
pretectal nucleus ending of, 2 1  7 

Limb of body 
lower. See Lower limb 
upper. See Upper limb 

Limb of internal capsule. See Inter­
nal capsule, posterior limb 
of 

Limbic lobe, 275  
Limbic system, 275-28 1 

alveus in, 2 7 5 ,  276 
amygdaloid nucleus in, 2 7 5  
anterior nucleus o f  thalamus i n ,  

275  
clinical notes on ,  280 
clinical problems on, 280-28 1  

answers to, 493 
connecting pathways of, 2 75-277 
fimbria in, 275,  276 
fornix in, 3 7 5 ,  376 
functions of, 279-280 
hippocampal formation in, 2 7 5  
hypothalamus i n ,  275  
limbic lobe in ,  2 7 5  
mammillothalamic tract i n ,  2 7 5 ,  

2 7 6  
stria terminalis i n ,  275 ,  276-277 

Lingual artery, 4 5 7 
Lingual gyrus, 237  
Lingual nerve, 365 ,  369, 374 ,  3 80, 

4 1 8  
Lingula, o f  cerebellar vermis, 1 6, 

190, 1 92 , 206, 208, 344 
Lipid, in neurons, 5 7 

5 3 1  

Lipofuscin granules, 54, 5 9, 8 1  
Lissauer tract, 1 5 7 ,  1 58, 307, 308,  

309,  3 10 
Liver, 3 76 
Lobectomy, frontal, 269 
Lobes 

frontal. See Frontal lobe 
limbic, 2 7 5  
occipital. See Occipital lobe 
parietal. See Parietal lobe 
temporal. See Temporal lobe 

Lobule 
biventral, 1 9 1 ,  1 92 
central, 1 6, 1 90, 1 9 1 ,  1 92 ,  206, 

344 
paracentral, 1 4, 2 3 6  
parietal, 1 3, 2 34,  2 3 5 ,  452  
quadrangular, 1 92 
semilunar, 1 9 1 ,  1 92 

Lobulus simplex, of cerebellum, 
1 92 

Longitudinal bundle 
inferior, 24 1 ,  245 
medial, 360 
superior, 248 

Longitudinal fasciculus 
inferior, 19 ,  248 
medial. See Medial longitudinal 

fasciculus 
superior, 248 

Longitudinal fissure, of cerebrum, 
1 2 ,  1 9, 20, 223 , 2 3 3 , 234, 
2 39, 24 1 , 245 

Longitudinal ligament 
anterior, 30, 34 
posterior, 30, 34 

Longitudinal striae 
lateral, 2 7 5 ,  276,  279 
medial, 245 , 2 7 5 , 276, 279  

Lower limb 
corticospinal fibers of, 24 7 
innervation of, 1 5  3 

autonomic innervation of ar­
teries, 426, 427  

lateral group of  nerve cells in ,  
1 5 3  

muscle of, 1 4 3  
motor neurons for, 1 5 5  

Lower motor neurons. See Efferent 
(motor) nerve fibers, 
lower motor neurons of 

Lumbar plexus, 3, 26, 427  
Lumbar puncture, 1 66, 2 5 1 ,  296, 

484-485  
clinical notes on ,  3 3  
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Lumbar puncture-Continued 
contraindications  for, 38  
in intracranial rumors, 4 1 ,  1 78, 

473 
in spinal cord compression, 1 6 3  
structures pierced i n ,  33 ,  3 4 ,  4 1 ,  

472 
Lumbar spinal cord, 3 ,  7 ,  27,  1 52 ,  

1 5 3  
e nlargement of, 2 ,  1 5 1 ,  1 52 , 47 1 
first segment of, 42 5, 426 
fourth segment of, transverse 

section of, 1 5  5 
injuries of, 29 
second segment of, 425 ,  426 
transverse section of, 8 ,  1 53 ,  

1 5 5 
Lumbar spinal nerves, 23  

area of  skin innervated by ,  1 39,  
140 

fifth, 7 ,  27 ,  32,  1 39, 1 40 
first, 7, 2 7 ,  1 39,  1 40, 422 
fourth, 34, 1 39, 140 
pressure on root of, 32 
second, 1 39, 1 40, 422 
third, 1 39, 1 40 

Lumbar vertebrae and vertebral 
column 

articular process in, 30 
body of, 30 

diagrammatic representation 
of, 32  

fifth, 2 7  
first, 2 7 ,  28  

lower border of, 2 ,  6 ,  1 5 1 , 
284 

in  fl.exion, 34 
intervertebral disc in, 30  

herniation of, 3 1 , 14  7 - 1 48, 
482 

intervertebral foramen in, 30 
joints in ,  30 
laminae of, 34 
and lumbar puncture, 33, 34 
pedicle of, 32 
relationship to spinal segments, 

3 1  
saginal section through, 30, 34 
spine of, 34 
third, seen from above, 30 

Lumbosacral nuclens, 1 56 
Lungs, 4 1 1 

autonomic innervation of, 42 1 
cancer of, 387, 499 
right, 3 76 

Luschka foramen, 24, 205,  2 1 0, 
284, 285, 287 

Luceinizing hormone, 403, 404 
Luceotropic hormone, 403, 404 
Lymphatics, in peripheral nerves, 

1 1 1  
Lysosomes, of neurons, 54 

Macroglial cells, 84, 85, 476 
Macrophage, 1 04 
Marnia !urea, of retina, 3 54, 3 56, 

3 5 7  
examination of, 3 8 1  
nasal half of, 3 54, 3 5 6  
temporal half of, 3 54, 3 56  

Magendie foramen, 1 6, 24 ,  205 ,  
208, 209, 2 1 0, 284, 285 ,  
287, 288, 344, 489 

Male sexual organs, autonomic in­
nervation of, 42 5-426 

Mammillary bodies, 1 2 , 14 ,  1 8, 
2 14, 2 1 7 , 22 1 , 223 , 224, 
225 , 227, 228, 229, 2 30, 
239, 276, 286, 394 

Mammillotegmental tract, 4 0 1 ,  403 
Mammillothalamic tract, 229, 2 7 5 ,  

276, 400, 40 1 , 403 
Mandible, 459 

condyle of, 463 
neck of, 463 

Mandibular nerve, 1 77,  364, 365,  
439, 44 1 

Mantle layer, of neural tube, 1 7 1 , 
399 

Marginal layer, of neural rube, 1 7 1 ,  
399 

Martinotti cells, of cerebral cortex, 
257 , 2 5 8  

Mastication, muscles of, 3 6 5  
Mastoid process, o f  temporal bone, 

459 
Mater 

arachnoid. See Arachnoid mater 
dura. See Dura mater 
pia. See Pia mater 

Matter 
gray. See Gray matter 
white. See White matter 

Maxillary artery, 438, 457 ,  459 
Maxillary nerve, 1 77 ,  364,  365,  

420, 439, 44 1 , 442 
Mearns, acoustic, internal, vestibu­

lar ganglion in, 368 
Medial cutaneous nerve, of arm, 

1 00 

Medial eminence 
of fourth ventricle, 1 5 , 1 7 ,  1 8 1 ,  

183 , 205 , 207, 208,  3 9 1  
o f  cuber cinereum, 227-228 

Medial lemniscus, 1 8, 1 75 ,  1 76, 
1 7 7, 1 8 1 ,  1 84 ,  1 85 ,  1 86, 
187 ,  2 1 5 ,  2 1 6, 2 1 7, 2 1 8 ,  
3 1 1 , 3 1 2 ,  394,  400 

in Benedikt's syndrome, 2 1 8, 
2 1 9  

dee ssation of, 1 7 3 ,  1 74, 398 
Medial longicudinal bundle, 360 
Medial longitudinal fasciculus, 1 7 3 ,  

1 7 5 ,  1 76, 1 77 ,  1 8 1 ,  1 84,  
185 ,  1 86, 1 87 ,  2 1 3 ,  2 1 5 , 
2 16, 2 1 7 , 325 ,  3 6 1 ,  362,  
363, 366, 370, 398, 400 

Medial longitudinal stria, 24 5 
Medial nerve cell group 

for innervation of neck muscles, 
1 53 ,  1 54 

for innervation of trunk muscles, 
1 5 3  

Median apertures, of fourth ventri­
cle, 1 5 , 1 6, 1 90,  205 ,  206, 
208, 209, 2 1 0, 284, 2 8 5 ,  
287, 288,  344, 489 

Median fissure. See Median sulcus 
Median nerve, 3 ,  1 00, 1 1 1 , 477 
Median septum, posterior, 399 
Median sulcus, 5 ,  1 2, 1 5 , 1 7 ,  1 70, 

1 7 1 ,  1 8 1 ,  1 83 ,  205 ,  207,  
208,  3 9 1 ,  399 

anterior, 2, 8 ,  1 5 1 ,  1 52 ,  1 54,  1 5 5 , 
1 69, 1 70, 1 7 1 , 1 73 ,  1 74,  
1 7 5 ,  398, 399, 400 

posrerior, 2 ,  8 ,  1 7 ,  1 5 1 ,  1 52 ,  
1 5 5 ,  1 69, 1 70, 1 73 ,  1 74 ,  
3 9 1 , 398 

Medulla oblongata, 2, 3 ,  5 ,  9, 1 2, 
1 3 ,  1 5 ,  1 6, 1 5 1 ,  1 69- 1 80, 
1 82 ,  1 83 ,  1 90, 1 92 ,  1 9 7 ,  
206, 207, 208, 209, 2 14,  
287-288,  3 1 5 ,  322 ,  326, 
344, 347,  364,  366, 372 ,  
373 ,  3 7 5 ,  377 ,  378, 3 79, 
394, 420, 42 1 , 423, 437  

anterior view of, 170  
arcuate fibers of, anterior exter­

nal, 1 69, 1 77 
arcuate nuclei in ,  1 75 ,  1 76- 1 77,  

400 
in Arnold-Chiari malformation, 

1 7 8  
arteries to, 4 5 3 , 4 5 5  



Medulla oblongata-Continued 
blood supply of, 1 78 ,  1 79, 4 S 3 ,  

4 S S  
central canal continuing to, 1 69 
central gray matter in ,  1 7 6  
cerebellar connection of, 1 69, 

1 70, 1 96 
clinical notes on, 1 78- 1 79 
clinical problems on,  1 80 

answers to, 486 
cranial nerve emerging from, 486 
cuneate nucleus in. See Cuneate 

nucleus 
dorsal vagal nucleus in, l 7 S ,  1 76, 

1 79 
forming cavity of fourth ventri­

cle, 1 69 
forming floor of fourth ventricle, 

1 69, 1 70, 208 
functional significance of, 1 79 
gracile nucleus in, S ,  1 69, 1 70, 

1 72 ,  1 73 ,  1 74,  3 1 1 , 3 1 2 ,  
394, 398 

gross appearance of, 1 69 
herniation through forame n  

magnum, 1 78 
hypoglossal nucleus in ,  1 73 ,  l 7 S ,  

1 76, 1 79 
hypoglossal triangle of, 1 S, 1 70 
internal structure of, 1 69- 1 78, 

489 
at decussation of lemnisci, 1 72,  

1 73, 1 74 
inferior to pons, l 7 S ,  1 78 
at olives, 1 7 2 ,  l 7 S ,  1 76- 1 78, 

1 79 
medial lemniscus of. See Medial 

lemniscus 
medial longitudinal fasciculus of. 

See Medial longitudinal 
fasciculus 

median fissure of. See Median sul­
cus 

median sulcus of. See Median sul­
cus 

nucleus ambiguus in, l 7 S ,  1 76, 
400 

nucleus cuneatus in. See Cuneate 
nucleus 

nucleus of tractus solitarius in ,  
1 7 S ,  1 76, 1 77 ,  3 7 3 , 400 

olivary nuclei in, 1 69, 1 7 1 ,  1 7 2  
olives of, S ,  1 2 ,  2 1 ,  1 69, 1 70, 

1 72,  1 7 S ,  1 82 ,  1 97 ,  1 98,  
400 

Medulla oblongata-Continued 
posterior view of, l S , 1 70 
pyramid of, S , 1 2 ,  1 69, 1 70, 1 7 1 , 

1 73 ,  1 74,  1 7 S ,  1 76, 1 77 ,  
1 79, 1 82,  197, 3 2 3 ,  3 3 S ,  
379, 398, 399, 400 

corticospinal tract in, 323 ,  324 
decussation of, 1 69, 1 70, 1 73 ,  

1 74, 323 ,  349, 377 ,  398 
internal structure at level of, 

1 72,  1 7 3 ,  1 74 
site of, 324 

reticular formation in, 1 74, l 7 S ,  
1 76, 1 7 8  

solitary tract of. See Tractus sol­
itarius 

spinal lemniscus of. See Spinal 
lemniscus 

stages in  development of, 1 69, 
1 7 1  

transverse section of, 1 73 ,  1 74, 
1 7 S ,  1 76, 1 79 

tumor of, 1 80, .486 
in posterior cranial fossa, 1 78 

vagal triangle of, 1 S ,  1 70 
vascular disorders of, 1 78- 1 79 
veins of, 4 S S  
vestibular nuclei i n ,  1 72 ,  1 76 

inferior, l 7 S ,  1 76 
medial, l 7 S ,  1 76 

Medulla of suprarenal gland, 4 1 0  
auronomic innervation of, 424 

Medullary artery, 4 S 3  
Medullary lamina of thalamus 

external, 22S ,  226, 389, 390 
internal, 22S ,  226, 389, 390, 392 

Medullary nuclei, internal, of cere-
bellum, 2 2 S  

Medullary reticulospinal tract, 3 2 S ,  
326 

Medullary striae 
of fourth ventricle, 1 S, 1 7, 1 70, 

20S , 207, 208 
of thalamus, 22 1 ,  222, 228, 248, 

276 
Medullary velum 

inferior, 1 4, 1 6, l 7 S ,  1 90, 20S ,  
206, 208, 209, 2 1 1 , 344, 
400, 489 

superior, 14, l S , 1 6, 1 84,  1 8S ,  
1 86, 1 90, 2 0 S ,  206, 208,  
2 1 1 , 344,  362, 489 

Medulloblastoma, 84 
in  vermis syndrome, 2 0 1  

Megacolon, 3 9 ,  429, SOO 

Meissner's corpuscles, 1 1 7 ,  1 32 
capsule continuous with en-

doneurium, 1 2 0  
flattened cells of, 1 2 0  
function of, 1 32 

5 3 3  

myelinated nerve fibers of, 1 20 
nonmyelinated fibers of, 1 20 
in skin, 1 20 

Meissner plexus, 422 
Melanin granules, in  neurons, S4 
Melanocyte-stimulating hormone, 

403 , 404 
Melatonin, 49 1 

in pineal gland, 226-227 
Membrane 

action potential of, S 7 
of astrocyte, 77  
axolemma, 61  
basement. See Basement mem­

brane 
of neurons , 49, S l , S 7 ,  S 9, 70, 

47 S-476 
of nucleus of neuron, 49, S O, S 1 ,  

S S ,  S6 ,  S8  
of  oligodendrocytes, 79  
posuynapric, 6S -66 
presynaptic, 6S-66 
refractory period of, S 7 
resting potential of, 1 00, 1 02 ,  

1 1 1  
of Schwann cell, 9 1  
and summation effect of stimuli, 

S 7 ,  S9  
Memory, 2 

limbic system affecting, 2 80 
Meningeal arteries, 4 S 1 ,  46 1 

hemorrhage from injuries to, 36  
middle, 438,  4 S 9  

anterior branches of, 440, 442, 
44S 

posterior branches of, 440, 
442 

Meningeal layer of dura mater, 4 ,  
10 , 290, 4 3 S , 436, 437 ,  
438, 440, 44 1 , 442 , 444 

Meningeal veins, 438 
Meninges 

attachment to sclera, 444 
of brain ,  4 3 S -44 7 
of spinal cord, 6, 7, 1 S9- l 60 

Meningiomas, 446, S02 
Meningitis 

and adhesions in subarachnoid 
space, 2 1 1  

blood-brain barrier in ,  303,  304 
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Mental deficiency, diseases causing, 
69, 474 

Merkel's cel l ,  1 1 7 
Merkel's discs, 1 1 5 ,  1 1 6, 1 1 7 

probable function of, 1 32 
tactile cell of, 1 1 5 ,  1 1 6 

Mesaxon formation, 87, 9 1 ,  92 
i n  central nervous system, 90 
i n  peripheral nerves, 89, 9 1  

Mesencephalic nucleus, o f  trigemi­
nal nerve, 1 77 ,  2 1 5 , 2 1 6, 
362, 363,  364 

tract of, 1 87 
Mesencephalon, 2 1 3-220. See also 

Midbrain 
Mesenteric ganglion 

i nferior, 422 
superior, 422 

Mesenteric plexus, i nferior, 423 
Metencephalon. See Pons 
Methacholine chloride, 1 3 5 ,  482 
Microfilaments, of neurons, 49, 54,  

58 , 62, 65 
Microglia, 7 3 ,  74, 7 5 ,  76, 8 1 ,  84 

in cerebral cortex, 8 1  
cytoplasm of, 8 1  
function of, 76, 84 
nucleus of, 8 1  
reaction to in j ury, 84 

Microtubules, of  neurons, 49, 54, 
58, 62, 65 

Microvilli, 83, 29 1 
Micturition, control of. See Urinary 

bladder 
Midbrain, 3, 5, 9,  1 2 ,  14 ,  1 6, 1 8, 

20-2 1 ,  23 ,  1 83 ,  1 90, 206, 
207, 2 1 3-220, 288,  3 1 5 , 
322,  326, 327 ,  328, 344, 
358, 3 6 1 ,  363, 364,  394, 
402 , 403, 4 1 9  

anterior view of, 2 14 
arteries of, 4 5 5 

occlusion of, 2 1 8  
basis pedunculi of. See Crus cere­

bri 
in  Benedikt's syndrome, 2 1 8, 

2 19 
central gray matter of, 1 8, 2 1 3 ,  

2 1 5 , 2 1 6, 2 1 7  
cerebral aqueduct in.  See Cerebral 

aqueduct 
cerebral peduncle of, 14, 1 6, 1 8, 

1 82 ,  197 ,  2 1 3 ,  230, 2 39, 
344, 3 56 

clinical notes on,  2 1 8-2 1 9  

Mid brain-Continued 
clinical problems on, 2 1 9-220 

answers to, 489-490 
connection to cerebellum, 1 96 
corticonuclear fibers in,  1 8, 2 1 5 ,  

2 1 6, 21  7 ,  2 1 8  
corticopontine fibers in ,  2 1 8  
corticospinal fibers in,  1 8 ,  2 1 5 , 

2 1 6, 2 1 7 , 2 1 8  
crus cerebri of. See Crus cerebri 
cut, 236, 239 
gross appearance of, 2 1 3  
inferior colliculus of. See Col-

liculus, i nferior 
i nternal structures of, 18 ,  2 1 3-

2 1 8 
interpeduncular fossa of, 1 8, 2 1 3 , 

2 1 4, 2 1 5, 2 1 6, 2 1  7, 2 2 3 ,  
224, 286, 3 59, 361 , 363 

lateral lemniscus of, 2 1 5 , 2 1 6, 
2 1 7  

lateral view of, 2 14 
light reflex ending in ,  2 1  7 
medial lemniscus of, 1 8, 2 1 5 , 

2 1 6, 2 1 7 , 2 1 8 
medial longitudinal fasciculus of, 

2 1 3 ,  2 1 5 , 2 1 6, 2 1 7  
perforated substance of, poste­

rior, 1 8, 2 1 3 ,  2 14, 223 ,  
228, 230 

red nucleus in,  14 ,  18 ,  2 1 5 , 2 1 7,  
2 1 8, 2 1 9  

reticular formation of, 2 1 5 , 2 1 6, 
2 1 7-2 1 8  

spinal lemniscus of, 2 1 5 ,  2 1 6, 
2 1 7  

substantia nigra of, 14 ,  1 8, 2 1 3 , 
2 1 5 ,  2 1 6, 2 1 7 , 239,  24 1 ,  
338,  36 1 ,  363, 394 

superior colliculus of. See Col­
liculus, superior 

tectum of, 14, 1 7 , 1 8, 2 1 3 ,  2 1 5 , 
348, 3 9 1  

tegmentum of, 14 ,  1 8, 2 1 3 , 2 1 5, 
230 

transverse section of 
at inferior colliculus level, 1 8, 

2 1 3-2 1 6  
at superior colliculus level, 

2 1 5 , 2 1 6-2 1 8  
trauma of, 2 1 8-2 1 9  
trigeminal lemniscus of, 2 1 5 , 

2 1 6, 2 1 7  
trochlear nucleus in ,  18 ,  2 1 3 ,  

2 1 5 , 2 1 6 

Midbrai n-C ontinued 
tumor of, 2 1 8, 2 1 9, 220 
vascular lesions in ,  220, 490 
veins of, 4 5 5  
1 0  eber's syndrome, 2 1 8,  2 1 9 ,  

490 
Middle lobe of  cerebellum, poste­

rior, 1 89, 1 9 1 ,  1 92 
Midline nuclei, 2 2 5 ,  392,  393  

region of, 225  
Mitochondria 

of axon(s),  65 ,  1 3 0  
o f  m uscle fiber, 1 3 0  
o f  neurons, 4 8 ,  4 9 ,  5 0 ,  5 5 ,  56, 

62 
Mitra! cell, of olfactory bulb, 3 54, 

3 5 5  
Molecular layer 

of cerebellar cortex, 46, 1 89, 
193,  1 94,  1 99, 345 

of cerebral cortex, 260-26 1  
o f  hippocampus, 2 7 7 ,  278  

Monoplegia, 336 
Monosynaptic reflex, 3 30, 332 ,  334 
l'vfonro interventricular foramen, 

14 ,  1 8 ,  2 1 ,  24, 224, 228 ,  
236, 240, 246, 2 5 5 , 283 ,  
284, 285 ,  286, 287 , 292 

Mossy fibers, cerebellar, 193,  1 96, 
1 99, 200, 202, 343,  345 ,  
488 

Motor area of cerebral cortex, 262,  
268, 2 7 1 , 4 9 1 -492 

homunculus of, 264, 324 
lesions of, 268 
precentral , 262-264,  268 

lesions of, 268 
primary, 262, 263 

lesions of, 268 
secondary, 262 

lesions of, 268 
speech area of Broca, 263,  264 

lesions of, 268 
supplementary, 264 

Motor cells, of anterior gray col­
umn, 399 

Motor efferent nerve fibers. See 
Efferent (m0tor) nerve 
fibers 

Motor end-plate, 1 29 ,  144 
acerylcholinesterase at ,  12 8 
axon in  

cross section of, 1 30 
terminal, 1 29 

j unctional folds  of, 1 26, 1 36, 48 1 



Motor end-plate-Continued 
in motor unit, 1 4 1  
muscular element of, 1 2 6, 1 2 7,  

1 36 
nerve fibers terminating in,  1 28, 

129 
neural element of, 1 2 6  
of neuromuscular spindles, 1 2 3  
i n  simple reflex arc, 1 26, 1 4 1  
sole plate of, 1 26, 1 2 7 ,  1 36 
synaptic cleft of, 1 36, 4 8 1  

Motor homunculus 
of cerebral cortex, 324 
of precentral gyms, 264 

Motor neurons. See Efferent 
(motor) nerve fibers, 
lower motor neurons of 
and upper motor neurons 
of 

Motor nuclei, of cranial nerves, 
360 

abducent nerve, 2 1 0  
accessory nerve cranial root, 3 7 7  
facial nerve, 1 84,  2 10 ,  360, 3 67 ,  

368, 384 
glossopharyngeal nerve, 3 70, 3 73 
oculomotor nerve, 359 ,  3 6 1  
trigeminal nerve, 98, 1 84 ,  1 8 5 ,  

362,  364 
vagus nerve, 372 ,  3 7 3 ,  3 7 5  

Motor roots 
of facial nerve, 1 70, 368, 369 
of spinal nerves.  See Spinal 

nerves, root(s) of, anterior 
or motor 

of trigeminal nerve, 1 2 , 98, 1 8 1 ,  
1 82, 1 85 ,  2 1 4  

Motor system 
clinical syndromes affecting, 

337-339 
neurotmesis affecting, 1 09 

Motor unit, 1 2 5 ,  1 36, 1 40, 4 8 1  
axon i n ,  1 4 1  
components of, 1 40, 1 4 1  
motor end-plate i n ,  1 4 1  
motor neuron in,  1 40, 1 4 1  
muscle fiber bundle in, 1 4 1 

Mouth, floor of, facial nerve fibers 
from, 368 

Movements 
athetosis, 1 4 7 ,  3 36-3 3 7 ,  34 1 ,  

497 
in cerebellar dysfunction, 200-

2 0 1  
in chorea, 3 3 7 

Movemen ts-C ontin11ed 
choreiform, 147 
corticospinal tract lesions affect-

ing, 3 3 5  
dystonia, 337 ,  34 1 ,  497 
hemiballismus, 337 ,  34 1 ,  4 9 1 , 497 
involuntary, 147, 149 
Jacksonian epileptic seizures, 

268, 492 
myoclonus, 147 ,  337  
ocular 

in cerebellar dysfunction, 2 0 1 ,  
202 

nystagmus, 2 0 1 ,  202 
in parkinsonism, 336 
spasms, 147 ,  336 
in  subthalamic lesions, 23 1 
in thalamic lesions, 230-23 1 
in thalamic syndrome, 395 
tics, 1 47 
tonic spasm, 1 4 7  
tremor, 147 ,  336,  340, 34 1 
voluntary, 3 3 5  

Mucosa! plexus, 4 1 2  
Mucus, 3 5 5  
Multiform layer, of cerebral cortex, 

260, 2 6 1  
Multiple sclerosis, 386, 398, 428, 

498 
sensory loss in, 3 1 8 

Multipolar neurons, 43 ,  45 
Muscarinic postganglionic nerve 

endings, 4 1 5  
Muscle(s), 1 24, 1 2  5 ,  4 1 0  

abdominal wall, segmental inner-
vation of, 1 46 

action of, 1 39- 149 
arrector pili, 1 1 8 
atrophy of, 1 08- 1 09, 1 36, 482 

in lower motor neuron lesions, 
336 

auricular, facial nerve to, 368 
biceps brachii, segmental inner­

vation of, 1 39, 1 40, 1 46 
brachioradialis, segmental inner-

vation of, 1 39, 1 46 
bundle of fibers in,  1 4 1  
cardiac, 1 32, 1 3 5  
i n  cerebellar dysfunction, 200-

2 0 1  
ciliary, 359 
clinical notes on action of, 1 4  5-

1 47 
clinical observation of action of, 

146- 1 4  7 ,  14  8 

5 3 5  

Muscle(s)-Continued 
clinical problems on action of, 

147-149 
answers to, 482-484 

constrictor pupillae, of iris, 3 5 7, 
358 ,  3 5 9  

contracrure of 
clinical observation of, 147  
in  lower motor neuron lesions, 

336 
coordination of, clinical observa­

tion of, 1 4 7  
deep, o f  back, in  maintenance of 

postural curves, 142 
degeneration reaction of 

in lower motor neuron lesions, 
336 

in neurotmesis, 1 09 
dermatomes of, 1 39- 1 49 
in descending motor pathway, 

322 
digastric, 365,  368, 369 
endomysium of, 1 2 7 ,  1 2 8  
enlarged view o f  fiber, 1 2 7  
extrafusal fibers of, 1 2 1 ,  1 23 ,  1 29 
of facial expression, 368 
fasciculations of 

clinical observation of, 1 4 7  
i n  lower motor neuron lesions, 

3 3 6  
feedback t o  and from, 3 5 0  
gastrocnemius, segmental inner-

vation of, 146 
genioglossus, 375,  379, 3 80 
geniohyoid, innervation of, 380 
hyoglossus, 3 7 5 ,  380 
intrafusal fibers of, 1 2 1 ,  1 23 ,  

1 24,  1 29 
involuntary, 147 ,  1 49 
joint sense of, 307,  309, 3 1 1 , 

3 1 2-3 1 4  
levator palpebrae superioris, 3 6 1 ,  

4 1 9, 420 
of lower limbs, 143,  1 5 5 
of mastication,  365 
motor end-plate on, 1 2 6. See also 

Motor end-plate 
motor fibers to, 1 2 5  
i n  motor unit, 1 2 5 ,  1 4 1  
movements of, 147 ,  149.  See also 

Movements 
mylohyoid, 365 
of neck,  147,  1 5 5  
neuromuscular spindles of. See 

Neuromuscular spindles 
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Muscle(s)-Continued 
oblique, of eyeball 

inferior, 3 6 1  
superior, 362, 363 

orbicularis oculi, 360 
plantar flexor, segmental inner­

vation of, 146 
platysma, 369 
power of, clinical observation of, 

1 46- 147  
pterygoid, medial, 369 
quadriceps femoris, segmental 

innervation of, 146 
rectus, of  eyeball 

inferior, 3 6 1  
lateral, 3 6 5 ,  366 
medial, 358 ,  3 6 1  
superior, 3 6 1  

reflexes of, 1 39- 1 40, 146 
segmental innervation of, 1 39-

1 40, 1 4 5 - 1 4 6  
reflexes in  tests of, 146 

sensory nerve fibers of, 1 2 5 ,  1 36, 
48 1 

signs in nervous system lesions, 
3 36-337 

in  simple reflex arc, 1 4 1  
skeletal, 1 24- 1 28, 1 3 3 - 1 3 5 ,  

1 36, 333 ,  3 34 . See also 
Skeletal muscle 

smooth, 95, 1 28- 1 32,  1 33 ,  4 1 5 . 
See also Smooth muscle 

soleus, segmental innervation of, 
146 

spasticity of, 1 47, 268, 335 ,  3 3 6  
sphincters 

of anal canal, autonomic inner­
vation of, 424 

of urinary bladder, autonomic 
innervation of, 424-42 5 

spindles. See Neuromuscular 
spindles 

stapedius, 368 
sternocleidomastoid, innervation 

of, 1 5 3 ,  3 7 5 ,  378 
styloglossus, 375 ,  380 
stylohyoid , 368, 369 
stylopharyngeus, 3 70, 374 
subclavius, nerve to, 1 00 
tendons of, 1 2 5 ,  1 32, 1 39, 140, 

1 4 1  
tensor tympani, 365 
tensor veli palatini, 365 
tone of, 1 48,  483 

abnormal, 3 36-33 7  

Muscle(s)-Continued 
clinical notes on, 146 
clinical observation of, 147  
definition of, 1 4 1  
descending tract in,  334, 3 3  5 
normal, 334 
in posture, 142, 1 46 
reflexes in,  1 4 1 - 142, 1 4� 334 

trapezius, 1 5 3 ,  375,  3 78,  386, 
498 

triceps brachii, segmental inner-
vation of, 1 39, 1 46 

of trunk, 143,  1 5 3 ,  1 54, 1 5 5  
of upper limbs, 1 00, 1 53 ,  1 54 
voluntary. See Voluntary muscle 
wasting of, 14 7, 406 

Muscular element, of motor end-
plate , 1 26, 1 2 7 , 1 3 6  

Musculocutaneous nerve, 1 00 
Myasthenia gravis, 1 34, 1 3  7, 482 
Myelencephalon. See Medulla ob-

longata 
Myelin, 1 04 

droplets of, 1 04 
formation of, 87-92, 1 04, 1 1 1  

in central ner·vous system, 87, 
92, 1 1 1 , 477-478 

mesaxon formation in,  87,  9 1 ,  
92 

in peripheral nervous system, 
87-92, 1 1 1 , 477-478 

stages in,  cross-sections of, 9 1  
fragmentation of, 1 07 

Myelinated nerve fibers, 87-92, 94 
near bulbous corpuscle of 

Krause, 1 2 2  
in central nervous system, 90 
electrical changes in, 1 02 
longitudinal section of, 9 1  
major dense line of, 87, 9 1  
at Meissner's corpuscle, 1 20 
minor sense line of, 87, 9 1  
to muscles, 1 2 5  

alpha, motor, 1 2 5  
gamma, motor, 1 2 5  

nerve impulse conduction in,  
1 02- 103 

at neuromuscular spindle, 1 2 3  
at neurotendinous spindle, 1 2 5  
near Pacinian corpuscle, 1 2 1  
of peripheral nerve, 89, 9 1 ,  92, 96 

group A, 95 
group B, 95 

Ranvier nodes on, 87, 89, 9 1 ,  92, 
96 

Myelioated nerve fibers-Continued 
Schmidt-Lanterman incisure on, 

87, 92, 93 
sheath of, 80, 87,  89, 94, 96, 

1 1 1 , 477  
schematic d iagram of, 93 

transverse section of, 92, 93,  94 
Myelography, 1 63,  1 64- 1 65 
Myemeric plexus, 4 1 2 , 422 
Mylohyoid muscle, 365 
Mylohyoid nerve, 365 
Myoclonus, 1 47, 3 3 7  

Nasal gland, facial nerve to, 368 
Nasal septum, 463 
Nasociliary nerve, 365 
Neck 

internal carotid artery in, 4 50, 
457 , 459 

muscle of, 143  
innervation of, 1 53 ,  1 54 

soft tissues of, 1 6  5 
Neocerebellum, 1 89, 197 ,  1 99 
Neoplasms. See Tumors 
Neoscigmine, 1 34 
Nerve(s) 

afferent. See Afferent  (sensory) 
nerve fibers 

alveolar, 365 
annulospiral endings of, 1 2 1 -

1 22 ,  1 23 ,  1 24 
anterior white column tracts of, 

1 58, 1 59, 3 1 5 ,  324, 325 ,  
327 ,  329 ,  33 1 

arcuate fibers, 1 69, 1 72,  1 73 ,  1 74, 
1 77 ,  3 1 1 , 3 1 2 ,  3 14, 398 

of arm, medial cutaneous, 1 00 
ascending tracts of. See Ascending 

nerve tracts of spinal cord 
association fibers, 244, 248-249, 

267 
auricular posterior, 369 
auriculotemporal, 365,  420 
auronomic. See Autonomic ner-

vous system 
axillary, 1 00 
band fiber, 1 03,  1 04, 1 1 2 
buccal, 369 
bundles of fibers, 1 1 7,  1 19, 1 24, 

1 28 
longitudinal, 245,  248 

cardiac, 3 76, 420, 42 1 
of carotid sinus, 3 7 4 
celiac. See Celiac nerve 
cells of. See Neuron(s) 



Nerve(s)-Continued 
central. See Central nervous sys­

tem 
of cerebellum 

afferent, 193 ,  195 ,  196, 1 99-
200, 343-348 

efferent, 193, 1 9 5 - 1 96, 343, 
345 ,  348-3 50  

cerebral cortex fibers, 2 5  7-260, 
267, 343-344, 346, 3 5 3  

chorda tympani, 369, 4 1 8, 4 1 9  
ciliary, 3 5 7 ,  3 58, 3 59, 3 6 1 ,  4 1 8, 

426 
climbing fibers, 1 93 ,  1 96, 1 99, 

200, 202, 343,  345 , 488 
corticofugal fibers, 267 
corricohypothalamic fibers, 397,  

402 
corticonuclear fibers, 1 8, 1 84 ,  

1 85 ,  1 86, 2 1 0, 2 1 5 ,  2 1 6, 
2 1 7,  2 1 8 ,  247,  3 5 3  

corricopetal fibers, 267 
corticopontine fibers, 1 84,  1 86, 

2 1 8 
corticorubral fibers, 24 7 
corticospinal tract. See Cortico­

spinal tract 
cranial. See Cranial nerves 
cuneocerebellar tract, 1 96, 1 98,  

3 1 1 , 3 1 2 ,  3 14 ,  348 
cutaneous, medial, 1 00 
decussation of, 322 .  See also De­

cussation of nerve fibers 
degeneration of, 1 0 3 - 1 0 5 ,  107 ,  

1 08- 1 09, 1 1 2 ,  3 3 6, 428,  
479 

in  dermis, 1 20 
descending tracts of. See De­

scending nerve tracts 
drugs affecting endings on. See 

Blocking agents 
to dural mater of brain, 438 
effector endings of, 1 24- 1 32 ,  

1 3 3 - 1 3 5 , 480-482 
efferent fibers. See Efferent 

(motor) nerve fibers 
endoneurium of connective tis­

sue sheath of, 89, 9 5 ,  96, 
97, 1 04 ,  1 20, 1 2 1 ,  1 22 ,  
1 27 ,  1 28 ,  477 

facial. See Facial nerve 
fasciculus of 

cuneatus. See Fasciculus, 
cuneatus 

fronto-occipital, 248-249 

Nerve(s), fasciculus of-Continued 
gracilis, 1 54, 1 57 ,  1 58 ,  1 72 ,  

1 73 ,  1 74, 307 ,  309, 3 1 1 , 
3 1 2 , 3 1 7 , 398 

longitudinal. See Fasciculus, 
longitudinal 

uncinate, 248 
femoral, 3 
fibers of, 1 , 43 ,  1 1 7 
fine terminal branches of, 1 1 9 
flower spray endings of, 1 22 ,  1 2 3  
o f  forearm, 100 
free endings of, 1 1 6, 1 32 
frontal, 365 
frontopontine fibers, 1 8, 2 1 , 2 1 5 , 

2 1 6, 2 1 7 , 247 
ganglion on. See Ganglion 
glandular acini endings of, 1 3 1 ,  

1 3 2  
hair follicle endings of, 1 1 5- 1 1 7, 

1 1 8, 1 1 9, 1 32 ,  1 36, 480 
impulse conduction 

absolute refractory period in, 
1 02 ,  1 1 1  

action potential in, 5 7,  60, 
1 00, 1 03 

anesthetics affecting, 1 1 1  
electrical changes in ,  1 00- 1 03 
in myelinated fibers, 1 02- 103 
in nonmyelinated fibers, 1 02 ,  

1 03 
in peripheral nerves, 99- 103 
relative refractory period in, 1 02 
resting membrane potential in, 

1 00, 1 02 ,  1 1 1 , 478 
saltatory , 103,  1 1 1 , 478 
velocity of, 1 02- 103,  1 1 1 , 478 

infraorbical, 365 
intercoscal, 25 
intermediate, 1 70, 368, 369, 4 1 8 
intrafusal fibers, 1 2 1 ,  1 23 ,  1 24,  

1 25 ,  1 36, 480-481  
intrinsic fibers, 195 ,  343  
lacrimal, 365 ,  4 1 8, 420 
laryngeal, 376 
in  lateral white column, 15  7-

1 59, 3 1 3 ,  3 1 5 , 324,  328 
lesions of, 1 04, 105- 1 08,  1 1 0, 

1 1 3 ,  162 ,  335-339,  3 8 1 ,  
382,  384, 479 

lingual, 365, 369, 374,  380, 4 1 8  
Lissauer's trace, 1 57 ,  1 58 ,  307,  

308,  309,  3 1 0  
of lower limbs, 1 5 3 ,  1 55 ,  247,  

426, 427 

5 3 7  

N erve(s)-Continued 
mammillocegmental tract, 40 1 ,  

403 
mammillothalamic trace, 229, 

2 7 5 , 276, 400, 4 0 1 , 403 
mandibular, 1 77 ,  364,  365 ,  439, 

44 1 
maxillary, 1 77 ,  364,  365 ,  420, 

439, 44 1 , 442 
medial cutaneous, 1 00 
median, 3 ,  1 00, 1 1 1 , 477 
mossy fibers, 1 93 ,  1 96, 199, 200, 

202, 343 ,  345 , 488 
motor. See Efferent (motor) nerve 

fibers 
motor end-plate termination of, 

128 ,  1 29 
in muscular innervation. See Mus­

cle(s) 
musculocucaneous, 1 00 
myelinated fibers, 80, 87-92, 93 ,  

94,  95 ,  96,  1 02- 103 ,  1 04, 
1 1 1 , 1 20, 1 2 1 ,  1 2 3 ,  1 2 5 ,  
477-478 

mylohyoid, 365 
nasociliary, 365 
neuromuscular spindle endings, 

1 2 1 - 1 22 ,  1 23 ,  124 
nonmyelinated fibers, 89, 90, 

92-95 ,  1 02 ,  1 03 ,  1 1 1 , 
1 1 6, 1 20, 478 

nuclear bag fibers, 1 2 1 ,  1 2 3 ,  
1 24 

nuclear chain fibers, 1 2 1 ,  1 2 3 ,  
1 24 

obturator, 1 3  
oculomotor. See Oculomotor 

nerve 
olfactory, 1 2 ,  223 ,  239, 24 1 ,  

276, 3 5 4 ,  3 5 5  
olivospinal fibers, 1 44 ,  1 58 ,  1 59, 

32 1 ,  323 ,  330, 3 3 1 ,  3 3 2  
ophthalmic, 1 77 ,  360, 364, 365 ,  

44 1 , 442 
optic, 1 0, 1 2 , 1 97 ,  2 14 ,  223 ,  

227 , 239, 24 1 , 294, 
3 54-357 ,  360, 3 8 1 ,  382,  
387 , 436, 439, 443, 444 , 
499 

optic tract, 1 2, 2 1 ,  2 14 ,  2 2 1 ,  
223 , 227 , 239, 249, 2 78,  
3 5 6, 3 5 7 ,  360, 3 8 1 ,  382,  
387 , 40 1 , 444 , 499 

organization of, 1 -42,  4 7 1 -474 
pectoral, 1 00 
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N erve(s)-C ontinued 
peripheral, 8 7- 1 1 3 . See also Pe­

ripheral nerves or nervous 
sys rem 

perrosal, 3 69,  372 ,  3 74 ,  4 1 8, 420 
pharyngeal, 374 
phrenic, 3 
plexus of. See Plexus, nerve 
ponrocerebellar fibers, 323  
posrerior whire column rracrs of, 

1 57 ,  1 58 ,  1 59, 3 1 1 , 3 1 2 ,  
3 1 3  

projecrion fibers, 244, 249 
of prerygoid canal, 369,  4 1 8, 420 
pyramidal rracr, 2 6 1 ,  323 ,  3 3 5 ,  

3 39, 496 
rad�l, 3 , 69, 1 00, 2 57-259, 4 74 
recepror endings of, 1 1 5- 1 24, 

1 2 5 ,  1 32- 1 33 ,  1 3 5- 1 36, 
306, 354 , 480-482 

recurrent, laryngeal, 3 76 
regeneration of, 70, 1 04,  1 05-

1 08,  1 1 2 ,  1 1 3 ,  428,  4 7 5 ,  
478, 479-480 

reticulocerebellar tract, 1 96 
reticulospinal fibers and tracr, 

143 ,  1 44,  1 58 ,  1 59 ,  32 1 ,  
3 2 5 ,  326, 328,  332 , 349 

roots of. See Roots 
rubrocerebellar fibers, 196 
rubrospinal tracrs, 143 ,  1 44 ,  1 58 ,  

1 72 , 3 2 3 ,  3 2 5 , 328, 332 ,  
348, 349 

of scalp, 1 0, 436 
scapular, dorsal, 1 00 
sciatic, 3, 1 07 
sensory. See Afferent (sensory) 

nerve fibers 
solitary tracr of. See Tracrus sol­

itarius 
spinal. See Spinal nerves 
spinocerebellar tract. See 

Spinocerebellar tract 
spino-olivary tract, 1 5  7 ,  1 58 ,  

1 72 ,  307,  3 14 , 3 1 5 , 3 3 1  
spinoreticular tracr, 1 58 ,  3 14 ,  

3 1 5  
spinotectal tracr, 1 57 ,  1 58 ,  1 72 ,  

307, 3 14 ,  3 1 5  
spinothalamic tract. See 

Spinothalamic tract 
splanchnic, 4 1 0, 4 1 2; 422,  423 ,  

424 
subscapular, 1 00 
suprascapular, 1 00 

Nerve(s)-Continued 
tangential fibers, 259-260 
tecrobulbar fibers, 3 5 1 ,  363,  366 
tecrocerebellar fibers, 1 96 
tectonuclear tract, 360 
tectospinal fibers and tracts, 1 44,  

1 58, 1 59, 1 75 ,  1 76, 1 78 ,  
3 2 1 ,  323 ,  325 ,  327 ,  332 ,  
360, 400 

temporal, 369 
temporopontine fibers, 1 8, 2 1 ,  

2 1 5 , 2 1 6, 2 1 7 , 247 
thalamocortical fibers, 24 7 
thalamohypothalamic fibers, 40 1 ,  

402 
thoracodorsal, 1 00 
tonsillar, 3 7 4 
rracts of, 1 1 1 , 305,  477 

ascending. See Ascending tracrs 
of spinal cord 

descending. See Descending 
tracts of spinal cord 

transplantarion of, 1 1 0 
transverse fibers of pons, 1 2 ,  

1 82 ,  1 84 ,  1 8 5 ,  1 86, 1 96, 
198, 2 10, 343 

trigeminal. See Trigeminal nerve 
trochlear. See Trochlear nerve 
tympanic, 369, 372,  374, 4 1 8, 

420 
type A fibers, 1 1 1 , 478 
type B fibers, 1 1 1 , 478 
ulnar, 3 ,  1 00 
ro upper limbs, 1 00, 1 53 ,  1 54 ,  

247 , 426, 427 
vestibulocerebellar tract, 1 96 
vestibulospinal tract. See Ves­

tibulospinal tract 
zygomatic, 369, 4 1 8, 420 
zygomaticotemporal, 4 1 8, 420 

Nervus intermedius, 1 70, 368,  369, 
4 18 

great perrosal branch of, 4 1 8  
Neural crest cells, 399 

in spinal cord development, 1 7 1  
Neural element, of mocor end­

plate, 1 2 6  
Neural rube 

cavity of, 1 7 1 ,  399 
in formation of hindbrain vesicle, 

1 69 
Neurites, 43 ,  44, 57 ,  59, 6 1 ,  65-

67 
axons. See Axon(s) 
axoplasmic flow in, 6 1 ,  70 

Neurites-Continued 
dendrites. See Dendrites 
synapses of, 6 1 -67.  See also 

Synapses 
Neuriris, retrobulbar, blindness in, 

382 
Neuroblasroma, 68, 7 1 ,  476 
Neuroendocrine system, 

hypothalamic control of, 
4 1 3  

Neuroepithelial layer, 1 7 1 , 399 
Neurofibrils of neurons, 48, 54 ,  5 7 
Neur glia, 5 ,  39, 67 , 7 3-85,  47 1 ,  

476 
asrrocytes, 73,  7 5 ,  84. See also 

Astrocytes 
clinical notes on, 84 
clinical problems on, 84-85 

answers to ,  4 76-477  
diagrammatic representation of, 

74 
ependyma, 7 3 ,  74, 76, 83 , 84 
funcrion of, 7 3 -76, 84, 85, 87,  

92 
interaction with neurons, 7 3, 7 6, 

84 
macroglial cells, 84, 8 5 ,  476 
microglia, 72 ,  74, 76, 8 1 , 84. See 

also Microglia 
oligodendrocytes. See Oligoden­

drocytes 
re tions to neuronal injury, 84 

gliosis or astrocytosis, 76, 84 
gliotic scar formation, 84 

rumors of, 84 
Neurohypophysis, 2 2 8  
Neurolemmomas, o f  peripheral 

nerves, 1 1 0 
Neurologia, 1 
Neuroma, after axon injury, 1 06-

1 07 
Neuromuscular blocking agents, 

1 33- 1 3 5  
Neuromuscular j unction 

agents affecting, 1 33 - 1 3 5  
auronomic, 1 3 1  
in cardiac muscle, 1 32, 1 3 5  

drugs affecting, 1 3 5  
mocor end-plate in .  See Motor 

end-plate 
between nonmyelinated axon and 

smooth muscle cell, 95  
in s eletal muscle, 1 26- 1 28, 

1 3 3- 1 3 5  
acetylcholine release in, 1 2 8  



Neuromuscular j unction, in  
skeletal muscle­
Continued 

agents affecting, 1 3  3- 1 3  5 
axons in,  1 26, 1 2 7  
junctional folds of, 1 26, 1 2 7,  

1 36 
mocor nerve in jury affecting, 

1 34,  1 36 
in myasthenia gravis, 1 34 
sarcolemma of, 1 26, 1 2 7  
Schwann cells in, 1 26, 1 2 7  
synaptic cleft of, 1 2 7 ,  1 2 8  

i n  smooth muscle, 95 ,  1 28- 1 32 ,  
1 3 5  

axons in, nonmyelinated, 9 5 ,  
1 30, 1 3 1  

drugs affecting, 1 3  5 
Schwann cells in,  1 30, 1 3 1  

Neuromuscular spindles, 1 1 9- 1 24, 
1 32 ,  144, 332 

annulospiral endings of, 1 2 1 -
1 22 ,  1 2 3 ,  1 24 

capsule of, 1 2 3  
i n  control of voluntary muscle, 

1 22- 1 24 
flower spray endings of, 1 22 ,  1 2 3  
function of, 1 32 
gamma motor fibers for innerva­

tion of, 1 2 3  
intrafusal muscle fibers of, 1 2 1 ,  

1 2 3 ,  1 24 
nuclear chain, 1 2 1 ,  1 2 3 ,  1 24 

mocor end-plates of, 1 2 3  
myelinated fibers entering, 1 2 3  
in  simple reflex arc, 1 22 ,  1 26, 

1 4 1  
Neuron(s), 1 ,  39, 43-7 1 ,  8 1 ,  4 7 1  

afferent. See Afferent (sensory) 
nerve fibers 

axon(s) of, 43 ,  44, 45 ,  49, 5 9, 6 1 .  
See also Axon(s) 

axon hillock of, 44, 4 5 ,  49, 5 2 ,  59  
axoplasmic flow of, 6 1 ,  70 
Barr body in ,  44,  70, 475  
bipolar, 43 ,  4 5  

i n  vision, 3 5 7 
blocking agents affecting, 68-69. 

See also Blocking agents 
cell body of, 43-44, 4 5 ,  48, 49, 

62, 99 
axon injury affecting, 68, 

1 03- 1 05 ,  1 06 
chromacolysis after axon in­

j ury, 1 0 5 , 1 06 

Neuron(s), cell body of-Continued 
injury of, 1 03 
process injury affecting, 1 06 
recovery of, 105 

cell coat of, 5 7 
cell membrane of, 49 
centrosomes in, 54 
in cerebellar cortex, 202, 487-

488 
in cerebral cortex, 46, 4 7,  2 5 7, 

258 , 260 
clinical notes on, 67-69, 1 03-

1 08 
clinical problems on, 69- 7 1  

answers to, 474-476 
connector, 26, 4 1 0  
cycoplasm of, 44, 5 1 , 52,  5 3 ,  5 7  

organelles of, 50, 5 1 ,  5 5 ,  56 
definition of, 43 
degeneration associated with 

senescence, 1 08 
dendrites of, 43 ,  44, 4 5 ,  48, 49, 

58, 59.  See also Dendrites 
dense bodies in, 49 
diseases affecting, 67, 68, 69, 

474 
effeccor endings of. See Effeccor 

endings 
efferent. See Efferent (motor) 

nerve fibers 
first-order. See First-order neu-

rons 
ganglionic, in vision, 3 5 7 
glycogen in, 54 
Golgi apparatus of, 48, 49, 50, 

5 5 ,  77 ,  8 1  
Golgi cells, 193 ,  1 94,  1 97,  1 99, 

345 
type l , 43 , 46, 70, 475 
type I I ,  43,  46,  70,  475 

during hyperpolarization, electri­
cal changes in, 6 1  

injury to, 67-68, 70, 76, 84, 
103- 1 08 

in central nervous system, 1 08 
and gliotic scar formation, 84 
hyperchromatism from, 68 
and neuroma formation, 1 06-

107  
recovery from, 105-108 
and transneuronal degenera­

tion, 1 08 
internuncial, 333 ,  339, 3 5 3 ,  495 
of lateral geniculate body, in vi­

sion, 3 5 7  

Neuron(s)-Continued 
lipids in, 5 7 
lipofuscin in, 54, 59, 8 1  
lysosomes of, 54 

5 3 9  

melanin granules in, 54  
microfilaments of, 49 ,  54,  58 ,  62 ,  

65 
microtubules of, 49, 54, 58 ,  62, 

65 
micochondria of, 48, 49, 50, 5 5 ,  

56, 62 
mocor. See Efferent (mocor) nerve 

fibers 
multipolar, 43 ,  4 5  
neurites of, 4 3 ,  44, 5 7 ,  5 9 ,  6 1 ,  

65-67 
neurofibri� in, 48, 54 ,  57 
neuroglia interaction with, 7 3,  

76, 84 
neurotransmitters of. See Neuro­

transmitters 
Niss! substance of, 44, 48, 5 2 ,  

5 3 ,  1 0 5  
nucleolus of, 4 8 ,  4 9 ,  5 0, 69, 

474-475  
nucleus of, 44 ,  48 ,  49 ,  50,  5 1 ,  

5 5 ,  56  
membrane of, 49 ,  5 0, 5 1  
pore of, 49 

plasma membrane of, 49, 5 1 ,  5 7 ,  
58 ,  59 ,  70 

postsynaptic membranes of, 
65-66 

presynaptic membranes of, 
65-66, 70 

processes of, inj ury of, 1 03- 1 05 ,  
1 06 

recovery after, 1 05 - 1 08 
Renshaw feedback in, 1 44, 332  
ribosomes of, 49 ,  56  
rods and cones of, 3 5 7 
rough endoplasmic reticulum of, 

49, 5 0, 5 1 , 5 5  
second-order. See Second-order 

neurons 
of sensory pathway, 305 ,  3 1 6. See 

also Afferent (sensory) 
nerve fibers 

stimulation of, 5 7, 59, 60 
and action pore ntial, 5 7 
electrical changes in, 60 
refraccory period in, 5 7 
summation effect in,  5 7, 59  

structure of, 43-44, 48 ,  54 ,  5 7 ,  
59, 67 



540 Index 

Neuron(s), structure of-Continued 
diagrammatic representation 

of, 49 
subsynaptic web of, 66 
synapses of, 6 1 -67, 70. See also 

Synapses, ultrastructure 
of, 65-66 

synaptic blocking agents, 68-69 
synaptic cleft of, 65-66, 70 
synaptic spines of, 65, 70 
third-order. See Third-order neu-

rons 
tumors of, 68, 7 1  
unipolar, 43, 45  
varieties of, 43 ,  47 ,  67  
of  visual pathway, 3 5 7 

Neuropathy, diabetic, 497-498 
Neuropil, 48, 62 
Neuropraxia, 1 09, 1 1 3 ,  479 
Neurotendinous spindles, 1 24, 

1 25 ,  1 3 2  
function of, 1 32 
intrafusal fibers of, 1 24, 1 2 5  
and muscle rone, 1 4 1  
myelinated nerve entering, 1 2 5  
nonmyelinated axons in, 1 2 5  
i n  simple reflex arc, 1 26, 1 4 1  

Neurotmesis, 109- 1 1 0 
and degeneration reaction, 1 09 
mot0r changes in, 1 09 
mot0r recovery after, 1 09 
sensory changes in, 1 09 
sensory recovery after, 1 1 0 
signs of recovery from, 1 09- 1 1 0 
sympt0ms of, 1 09 
vasomotor, sudomotor, and 

trophic changes in, 1 09 
Neurotransmitters, 66-67, 69, 70, 

433 , 476, 5 02 
acetylcholine, 66, 69, 70, 128 ,  

1 30, 1 34, 409, 4 1 3 , 4 14, 
4 1 5 , 476 

acetylcholinesterase affecting, 66, 
1 2 8  

blocking agents affecting, 68-69, 
70 

catecholamines, 66 
distribution of, 66-67 , 69 
dopamine, 66, 67, 69, 476 
epinephrine, 66, 4 1 5  
norepinephrine, 66, 67, 69, 1 30, 

1 32 ,  4 1 5 , 476 
release of, 66, 69 

Neurovascular hilus, 1 24, 1 36, 
4 8 1  

Nicotine, as blocking agents, 69, 
4 1 3 , 4 14 

Niss! substance, 44, 48, 52 ,  5 3 ,  105  
Nodes 

atrioventricular, 420, 4 2 1  
o f  Ranvier. See Ranvier node 
sinoatrial, 420, 42 1 

Nodule, of cerebellar vermis, 1 5 , 
16, 190, 1 9 1 ,  192, 206, 
344 

Nonencapsulated receptors, 1 1 5-
1 17 ,  1 3 2  

Nonmyelinated nerve fibers, 
92-95, 1 1 1 , 1 1 6, 1 20, 
478 

in central nervous system, 90, 
94-95 

electrical changes in, 102 
nerve impulse conduction in, 

102, 103 
in peripheral nervous system, 89, 

92-94 
group C, 95 

Norepinephrine, 66, 67, 69, 1 30, 
132 , 4 1 5 , 476 

at blood-brain barrier, 303 
Nose, 3 5 8  

lateral wall of, olfactory nerves 
on, 3 5 5  

septum of, 463 
Notch, tentorial, 43 5 ,  439 
Nuclear bag fibers, 1 2 1 ,  123, 124 
Nuclear chain fibers, 1 2 1 ,  1 2 3 ,  

1 24 
Nucleolus, of neurons, 48, 49, 5 0, 

69, 474-475 
Nucleus (nuclei) 

of abducent nerve, 177 ,  1 8 1 ,  
1 84, 186, 187, 2 1 0, 366, 
367, 368, 370 

of accessory nerve, 1 53,  1 56, 
177 ,  374-375 ,  377 

accessory parasympathetic, 21  7,  
3 5 7 , 3 58, 3 59, 3 6 1 ,  362 

ambiguus, 1 7 5 ,  1 76, 400 
of accessory nerve, 1 77 
of glossopharyngeal nerve, 1 7 7  
o f  vagus nerve, 1 7 7  

amygdaloid, 23 ,  242, 243, 244, 
275 , 280 

arcuate, 1 7 5 ,  1 76- 1 77, 400 
of astrocyte, 77 
basal, 20, 240, 242-244, 2 5 1 ,  

256, 491 
caudate. See Caudate nucleus 

Nucleus (nuclei)-Continued 
cerebellar. See Cerebellum, nuclei 

of 
cochlear, 1 7 5 ,  1 76, 1 7 7 ,  1 84, 

187, 368-370, 3 7 1 , 400 
of cranial nerves, 1 77 ,  3 5 3-387 
cuneatum. See Cuneate nucleus 
dentate, 1 3 ,  1 5 ,  2 1 , 1 94,  1 95 ,  

347, 348, 394 
dorsalis, 1 5 3 ,  1 54, 1 5 5 ,  1 56, 

3 1 2 , 3 1 3 , 345  
Edinger-Westphal, 2 1 7 ,  3 57 ,  

358 ,  3 59, 3 6 1 , 362 
emboliform, 194, 1 9 5 ,  348 
of ependymal cells, 82 
of facial nerve, 1 77 ,  1 8 1 ,  1 84,  

1 86, 2 1 0, 3 60, 367-368, 
4 10, 4 1 8, 4 1 9  

fastigial, 1 94, 1 9 5 ,  3 5 0  
fi n e  chromatin granules in, 50  
globose, 1 94, 1 9 5  
o f  glossopharyngeal nerve, 1 7 7 ,  

370-372,  373 , 4 1 0, 4 12 
gracilis, 5, 169, 1 72 ,  1 73 ,  1 74 ,  

3 1 1 , 3 1 2 ,  394, 398 
habenular, 2 22,  226, 248, 276 
of hypoglossal nerve, 1 73 ,  1 7 5 ,  

1 76, 1 77 ,  1 79, 2 1 0, 2 1 1 , 
3 7 5 ,  3 79, 398, 400 

hypothalamic, 2 2 5 ,  228,  229, 
367, 373 ,  3 7 5 ,  394, 397, 
400, 4 0 1  

o f  inferior colliculus, 1 8, 3 70 
lacrimal, 367, 368, 4 1 8  
lacrimat0ry, 4 1 8, 420 
of lateral lemniscus, 3 70, 3 7 1  
lentiform. See Lentiform nucleus 
lumbosacral, 1 56 
medullary, internal, of cerebel-

lum, 2 2 5  
membranes of, 4 9 ,  5 0 ,  5 1 ,  5 5 ,  56  
of microglial cell, 8 1  
midline, 2 2 5 ,  392 ,  393  
motor. See Mawr nuclei 
of neurons, 44, 48, 49, 50, 5 1 , 

5 5 ,  56  
oculomoror, 1 77 ,  2 1 5 , 2 1 7, 3 57 ,  

358, 3 59, 3 6 1 , 362, 370, 
4 1 0  

o f  ligodendrocyte, 90 
olivary. See Olivary nucleus 
of origin of cranial nerves, 3 5 3  
parasympathetic. See Parasym-

pathetic nucleus 
phrenic, 1 53 ,  1 5 6  



Nucleus (nuclei)-Continued 
pontine, 1 76, 1 84,  1 8 5 ,  1 86, 

1 98 , 346 
pretectal, 2 1 7 ,  3 5 7 ,  3 58,  3 6 1 ,  

426 
proprius, 1 5 3 ,  1 54 ,  1 5 5 ,  1 56 ,  

167, 485-486 
pulposus, 30 

herniation of, 3 1 ,  32 
red. See Red nucleus 
salivary , 4 1 8 , 4 19, 420 
salivatory, 1 77 ,  2 1 0, 367,  368, 

370-372,  373  
of  Schwann cell, 9 1 ,  92 ,  93 ,  

94 
sensory. See Sensory nucleus 
subthalamic, 226 
of termination of cranial nerves, 

3 5 3  
o f  thalamus. See Thalamus, nuclei 

of 
of tractus solitarius, 1 7 5 ,  1 76, 

1 77 , 2 1 0 ,  367, 372 ,  3 7 3 ,  
400 

of trapezoid body, posterior, 
370, 3 7 1 

of trigeminal nerve. See Trigemi­
nal nerve, nuclei of 

trochlear, 1 8, 1 7 7 ,  2 1 3 ,  2 1 5 , 
2 1 6, 362,  363,  370  

of  vagus nerve. See Vagus nerve, 
nuclei of 

vestibular. See Vestibular nerve, 
nuclei of 

vestibulocochlear, 1 72 ,  1 76, 1 86, 
187  

visceral afferent, 1 56 
Nystagmus, 202, 287 

in cerebellar dysfunction, 2 0 1 ,  
202 

Obesity, in hypothalamic dysfunc­
tion, 2 3 1 ,  406 

Oblique muscle of eyeball 
inferior, 3 6 1  
superior, 362,  363 

Obturator nerve, 3 
Occipital artery, 438,  4 5 7  

internal, 46 1 ,  463 
Occipital bone, 1 1 , 4 3 7 ,  438 
Occipital eye field, 266 
Occipital lobe, 1 0, 1 2, 20, 2 3 3 ,  

2 34 , 236, 276, 394, 402 , 
403 

area of skull occupied by, 43  7 

Occipital lobe-Continued 
cortex of, 222,  265-266 
lingual gyrus of, 23 7 

Occipital pole, 20, 2 3 5 ,  237 ,  238,  
243, 245 , 246, 248, 249, 
454 

Occipital protuberance, external, 
2 5 5  

Occipital sinus, 4 3 8 ,  440, 44 1 ,  4 5 4  
Occipitotemporal gyrus, 23 7 

lateral, 236 
medial, 236, 23  7 

Occipitotemporal sulcus, 236, 23 7 ,  
238, 239 

Ocular fundus, examination of, 3 8 1  
Oculomotor nerve, 1 0, 1 2 , 1 6, 190, 

1 97 , 206, 2 1 4, 2 1 5 , 223 ,  
224, 239, 286, 344, 3 5 9-
362, 436, 439, 44 1 , 443 

central connections of nuclei of, 
361  

clinical examination of, 3 8 1 -383 
distribution of, 361 
Edinger-Westphal nucleus of, 

2 1 7 ,  3 5 7 ,  358 ,  3 59, 3 6 1 ,  
362 

fibers to nuclei of, 3 70 
inferior ramus of, 3 6 1  
nucleus of, 1 77 ,  2 1 5 , 2 1 7 ,  3 6 1 ,  

370, 4 1 0  
accessory parasympathetic, 

3 58, 3 59, 361 , 362 
main, 358 ,  3 59, 361  

in Weber's syndrome, 2 1 8, 2 1 9 ,  
490 

Olfaction 
hypothalamus in, 397, 402 
limbic system in, 280 
loss of, 3 8 1 ,  385-386, 498 

Olfactory areas of cerebral cortex, 
354,  3 5 5  

periamygdaloid, 3 54 
prepiriform, 3 54 
primary, 354 
secondary, 354 

Olfactory bulb, 12 ,  223 ,  239,  276 ,  
354, 3 5 5  

cells of, 3 5 4 ,  3 5 5 
connections of, 3 5 5 

Olfactory cells, 3 54, 3 5 5 
connections of, 3 5 5 

Olfactory hairs, 3 54,  3 5 5  
Olfactory nerve, 1 0, 3 54, 3 5 5 ,  

436 
clinical examination of, 381  

Olfactory nerve-Continued 
distribution of, 3 5 5 
fibers of, 3 54 

Olfactory receptors, 3 54 
Olfactory striae 

lateral, 223 ,  3 54, 3 5 5  
medial, 223 ,  3 5 4 ,  3 5 5  

5 4 1  

Olfactory sulcus, 2 3  7,  239 
Olfactory tract, 1 2 ,  223 ,  239,  24 1 ,  

276, 354 ,  3 5 5  
Oligodendrocytes, 7 3 ,  74, 7 5 ,  76, 

78, 79, 80, 84, 87 , 90, 92 
cell membrane of, 79 
function of, 76, 84 

in myelin formation, 87,  92 
nucleus of, 90 
process of, 80, 90 
reaction to injury, 84 

Olivary nucleus, 5 ,  1 69, 1 7 1 ,  1 72 ,  
399 

dorsal accessory, 1 72 ,  1 7 5 ,  1 76 
inferior, 1 72 ,  1 73 ,  1 76, 1 79, 

3 1 5 , 3 3 1 ,  346, 3 7 3 ,  3 7 5 ,  
377 ,  3 7 9 ,  398, 400 

cerebro-olivocerebellar path-
way to, 343-344, 346 

olivospinal tract origin in, 330, 
3 3 1  

medial accessory, 1 72 ,  1 7 3 ,  1 7 5 ,  
1 76, 398, 400 

Olive, of medulla oblongata, 5, 1 2 ,  
2 1 ,  1 69,  1 70,  1 72 ,  1 75 ,  
1 82 ,  1 97 ,  198,  400 

internal structures at level of, 
1 72 ,  1 75 ,  1 76- 1 78,  1 79 

spino-olivary trace, 1 72 
Olivocerebellar tract, 1 96 
Olivospinal fibers, 144, 3 3 2  
Olivospinal tract, 1 58 ,  1 59, 323 ,  

330 ,  3 3 1  
i n  anterior white column,  3 3 1  
functions of, 3 2 1  
in  lateral white column, 1 59 

Ophthalmic artery, 449, 4 5 0, 
457  

Ophthalmic nerve, 1 77 ,  360, 364,  
365 , 44 1 , 442 

Ophthalmic veins, 442 
Optic chiasma, 1 2 ,  14, 1 8, 2 14 ,  

2 2 1 , 223 , 224, 227 , 230, 
239,  245 , 286, 3 54 ,  3 5 5 ,  
3 56, 360, 382 

lesions of, 3 8 1 ,  382 
hemianopia from, 382 

midline section of, 387 ,  499 
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Optic disc, 3 54  
examination of, 3 8 1  

Optic nerve, 1 0, 1 2 ,  1 97 ,  2 1 4, 223 ,  
227 , 2 39, 24 1 ,  3 54-357 ,  
360, 382, 436, 439 

arachnoid sheath around, 443, 
444 

cerebrospinal fluid around, 294 
clinical examination of, 3 8 1  
origin of, 3 5 4  
section of, 3 8 7 ,  499 
total blindness with division of, 

38 1 ,  382 
Optic pathway, 3 56, 3 58 

lesions of, visual field defects 
with, 3 8 1 ,  382 

Optic radiation, 19, 22, 240, 24 1 ,  
242 , 247, 249, 356,  3 57 ,  
3 5 8 ,  382 

lesions of, 3 8 1 ,  382 
hemianopia from, 382 

section of, 387 ,  499 
Optic recess, of third ventricle, 227 
Optic tract, 12 ,  2 1 ,  2 14 ,  22 1 ,  223 ,  

227 , 239, 249, 2 78 ,  3 56, 
3 5 7 ,  360, 382, 40 1 , 4 4 1  

lesions of, 3 8 1 ,  3 8 2  
hemianopia from, 382 

section of, 387, 499 
Orbicularis oculi muscle, 360 
Orbital gyri, 23 7 ,  239 
Orbital plate, of frontal bone, 2 5 3 ,  

2 5 5  
Organelles, cytoplasmic, o f  neu­

rons, 50, 5 1 , 5 5 ,  56 
Organization of nervous system, 

1 -42 
clinical notes on, 29-39 
clinical problems on, 39-42 

answers to, 47 1 -474 
Osmoreceptors, supraopric nucleus 

as, 402 
Osreitis deformans, 386, 498 
Osteoarthritis, affecting spinal 

nerves, 29 
Orie ganglion, 369, 3 74, 4 1 2, 420 
Outflow 

craniosacral, 4 1  7 
parasympathetic, 432 ,  5 0 1  
sympathetic, 432 ,  5 0 1  
thoracic, 4 1  7 

Oxytocin, 402 

Pachymeninx, 44 5 
Pacinian corpuscles, 1 1 7- 1 1 9, 480 

Pacinian corpuscles-Continued 
capsule of, continuous with en-

doneurium, 1 2 1  
connective tissue capsule of, 1 2 1  
core of, 1 2 1  
lamellae of, 1 2 1  
naked axon of, 1 2 1  
probable function of, 1 32 
Schwann cell in, 1 2 1  
in skin, 1 2 1  

Pager's disease, 386, 498 
Pain sensations, 307,  308 

clinical problems on, 1 3 5 ,  1 36 
answers to, 480 

conduction of, 1 66,  484 
free nerve endings in, 1 32 
lateral spinothalamic tract in, 

305-309 
loss of 

in Brown-Sequard syndrome, 
338 

in syringomyelia, 3 1 8  
pathways for, 305-309 
referred, 430-43 1 ,  432,  5 0 1  
relief of 

cordotomy in, 3 1  7 
rhizotomy in, 3 1  7 
in terminal cancer, 3 19, 495 

resting of, 1 33 
visceral, 430-4 3 1 ,  432,  5 0 1  

Palate, soft, 3 7 4 
facial nerve fibers from, 368 

Palatine artery, ascending, 4 5 7 
Palatine gland, facial nerve to, 368 
Pale cell, process of, 3 0 1  
Paleocerebellum, 1 89, 1 97 
Palsy, Bell's, 1 1 2 ,  478-479, 499 

nerve grafts in, 1 10 
Papilledema, bilateral, 446, 5 03 
Paracentral lobule, 14 ,  236 
Parahippocampal gyrus, 223 ,  2 3 6, 

237 , 239, 2 7 5 , 276, 277 ,  
278, 289 

uncus of, 2 19, 223, 236, 2 3 7 ,  
239, 2 7 5 , 276, 277 ,  3 5 5 ,  
489 

Parallel fibers, of cerebellum, 1 94 
Paralysis 

diplegia, 336 
flaccid, in lower motor neuron le­

sions, 336 
hemiplegia, 336 ,  340, 386, 447, 

503 
hypotonic, 338 
Klumpke, 500 

Paralysis-Continued 
monoplegia, 3 3 6  
paraplegia, 3 34, 3 3 6  
potassium levels affecting, 1 3  5 
quadriplegia, 3 3 6  
severe, in descending tract le­

sions, 3 3 5  
spastic, 3 3 8  
types of, 336 

Paraplegia, 3 3 6  
in extension, 334 
in flexion, 334 

Parasympathetic nervous system, 1 ,  
409, 4 1 0-4 1 2 ,  4 1  7 

activities of, 1 
afferent nerve fibers of, 4 1 2  
compared to sympathetic system, 

4 1 7-4 1 8  
efferent nerve fibers of, 4 1 0-

4 1 2 ,  4 l 5  
postganglionic,  4 1 1 ,  4 1 2  
pre ganglionic, 4 1 0-4 1 2  

outflow in, 432 ,  5 0 1  
preganglionic, 1 5 3 ,  1 5 5  

preganglionic fibers in, 1 5  3 ,  1 5  5 ,  
1 56, 3 6 1 , 4 1 0-41 2  

in urinary bladder innervation, 
429 

Parasympathetic nucleus 
accessory, of oculomotor nerve, 

2 1 7 ,  3 5 7 ,  3 58, 3 59,  3 6 1 ,  
362 

of facial nerve, 367 
of gloss�pharyngeal nerve, 

370-372  
of oculomotor nerve, 3 5 8  
o f  vagus nerve, 3 7 3 ,  3 7 5  

Paraventricular nucleus, of hypo­
thalamus, 228, 229, 397,  
401 

Paravertebral ganglia, of sympa­
thetic trunk, 409 

Parietal artery, posterior, 4 5 7, 
4 5 9  

Parietal bone, 4, 1 1 , 43  7 ,  4 3 8  
anterior inferior portion of, 

440 
inner table of, 1 0, 436 
outer table of, 1 0, 436 

Parietal lobe, 1 1 , 20, 233 ,  234 ,  
2 3 5 ,  394 

cortical areas in ,  265 
gyrus of, 2 3 5  
sulcus of, 2 34 ,  2 3  5 ,  2 3 8  
thalamocortical fibers to, 24 7 



Parietal lobule 
inferior, 1 3 , 2 3 5  
superio� 1 3 ,  234, 2 3 5 , 4 5 2  

Parieto-occipital sulcus, 1 3 , 14 ,  20, 
233 , 234, 2 3 5 , 2 3 6, 238 ,  
239, 4 5 2  

Parkinson's syndrome, 1 48- 149, 
336, 483 

clinical problems on, 1 48 - 1 49 
answers to, 483 

motor system in,  3 3 8-339 
Parotid salivary gland, 3 74 ,  4 1 1 , 

420 
autonomic innervation of, 4 1 8, 

420 
glossopharyngeal nerve fibers to, 

372 
Pectoral nerve 

lateral, 1 00 
medial, 1 00 

Pedicle of vertebral arch, 32 
Peduncles 

cerebellar. See Cerebellum, 
peduncles of 

cerebral, 1 4 ,  1 6, 1 8, 1 82 ,  1 90, 
1 97, 206, 2 1 3 , 230, 2 39, 
344, 3 5 6  

Pelvic plexuses, 4 1 2 ,  4 2 4 ,  425 ,  4 2 6  
Penicillin, a t  blood-brain barrier, 

303 
Penis 

e jaculation of 
autonomic innervation of, 426 
after spinal cord injuries, 430 

erection of 
autonomic innervation of, 4 2 5  
after spinal cord injuries, 430 

Perforated substance 
anterior, 1 2 ,  2 2 3 ,  239 

olfactory tract in ,  3 54, 3 5 5 
posterior, 1 8 ,  2 1 3 , 2 14, 223 ,  

228, 230 
Perforating arteries, 44 1 
Periamygdaloid area, of cerebral 

cortex, 3 54 
Pericallosal artery, 4 5 7 ,  4 5 9 
Pericranium, 1 0, 436, 437  
Perikaryon. See Neuron(s), cell 

body of 
Perineurium, of peripheral nerve, 

89, 9 5 , 96, 97, 477 
Periosteum, 1 0, 435,  436, 437 
Peripheral nerves or nervous sys­

tem, 1 ,  2 3-29 
axon of, 92,  94, 96 

Peripheral nerves or nervous . 
system-Continued 

basal lamina of, 93 
blood vessels in, 1 1 1  
clinical problems on, 1 1 1 - 1 1 3  

answers to, 4 77-480 
conduccion in, 99- 103 
connective tissue sheaths of, 89, 

95 
cranial, 1 ,  23 ,  95,  97.  See also 

Cranial nerves 
electromicrograph of, 92 
endoneurial spac;es in, 1 1 1  
endoneurium of, 89, 95 ,  96, 97 
epineurium of, 89, 95,  97 
fibers of, 87- 1 1 3  
ganglia in, 1 ,  29 

sensory, 97. See also Posterior 
root ganglion, spinal 

longitudinal section of, 96 
lymphatics in, 1 1 1  
major divisions of, 3 ,  23-29 
mesaxon in, 89, 9 1  
myelin formation in, 87-92, 1 1 1 , 

477-478 
myelin sheath of, 89, 9 1 ,  96 
myelinated fibers of, 89, 9 1 ,  92, 

96 
group A, 95  
group B, 95 

nonmyelinated fibers of, 89, 
92-94 

group C, 95  
perineurium of, 89 ,  95 ,  96 ,  97  
plexuses of, 99 
Ranvier node on, 89, 9 1 ,  96 
regeneration of, 70, 1 1 2,  4 7 5 , 478 

factors affecting, 1 06- 1 07 
process of, 107 - 1 08 
rate of, 1 08 

Schmidt-Lanterman incisure on, 
87, 92, 93, 1 1 1 , 477 

Schwann cells in,  87 ,  89, 9 1 ,  92 .  
See also Schwann cells 

spinal, 1 ,  23 ,  26, 27, 29, 88, 
95-97. See also Spinal 
nerves 

structure of, 89, 97, 1 1 1 , 477  
synaptic blocking agents affect-

ing, 69 
tissues in, 70, 475  
transverse section of, 92 ,  96  
trauma of, 1 09- 1 1 0 

axon regeneration after, 1 0 5 ,  
1 06- 1 08 

5 4 3  

Peripheral nerves or  nervous sys­
tem, trauma of­
Continued 

clinical principles in, 1 1 0 
clinical problems on, 1 1 1 - 1 1 3 ,  

47 7-480 
tumors of, 1 1 0, 1 1 3 ,  4 79 

Perivascular space, 290 
Pes hippocampus, 242, 275 ,  277  
Petit mal epilepsy, 1 49, 2 7 1 ,  483  
Petrosal nerve 

deep, 369, 420 
grearer, 369, 420 
lesser, 369, 372 ,  374,  4 1 8  

Petrosal sinus 
inferior, 443 
superior, 439, 44 1 ,  443 

Pharyngeal artery, ascending, 438 
Pharyngeal nerve, 3 74 
Phenothiazine, as synaptic blocking 

agent, 69 
Phenoxybenzamine, 1 3 5 , 4 1 6  
Phenylbutazone, at blood-brain 

barrier, 303 
Pheochromocytoma, 68 
Phrenic nerve, 3 

nucleus of, 1 5 3 ,  1 56 
Physostigmine, 1 34 
Pia mater, 294, 444 

of brain, 4,  5, 1 0, 290, 293, 294, 
302, 436, 44 1 , 443-444, 
445 

cells of, 302 
at cerebral artery, 294 
cranial nerve covered with, 43 7 
at optic nerve, 294 
of spinal cord, 2, 4,  7 ,  28, 1 5 1 ,  

1 52 ,  1 60, 284, 294 
at spinal nerve root, 294 
of tela choroidea, 289, 444 
in ventricular system, 284 ,  287,  

288, 289 
Pigment material, in neurons, 54 
Pineal body or gland, 14 ,  1 7 , 22,  

222 , 224, 226-227 , 2 2 8, 
240, 286, 3 9 1  

concretion accumulation in, 226, 
227, 2 3 1  

functions of, 226-227 ,  23 1 
glial cells of, 226 
pinealocytes in,  226, 227 
tumors of, 2 3 1  

Pineal recess, 228 
Pinealocytes, 226,  227  
Pinpoint pupils, 1 87 ,  1 88, 487 
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Pituitary gland. See Hypophysis 
cerebri 

Plantar flexor, innervation of, 146 
Plantar reflex, superficial, 140 
Plasma membrane. See Membrane 
Plastic rigidity, in Parkinson's dis-

ease, 338 
Plate 

alar, 1 69, 1 7 1 ,  399 
basal, 1 69, 1 7 1 , 399 
cribriform, of erhmoid bone, 3 5 5  
orbital, o f  frontal bone, 2 5 3 ,  2 5 5  

Plarysma muscle, cervical branch of 
facial nerve to, 369 

Plexiform layer, of cerebral cortex, 
260-26 1 

Plexus 
choroid. See Choroid plexus 
lymphatic, in peripheral nerves, 1 1 1  
nerve 

aortic, 424 
Auerbach, 4 1 2 , 422 
brachia!, 3 ,  1 00, 427 
cardiac, 376, 4 1 2 ,  420,  42 1 
carotid, 3 59, 369, 44 1 ,  442 
celiac, 376,  4 1 0  
esophageal, 3 7 6 
at hair follicle, 1 1 8 
hypogasrric, 424, 42 5 ,  426 
lumbar, 3 ,  26, 427 
Meissner, 422 
mesenteric, inferior, 423 
peripheral, 99 
pulmonary, 4 1 2 ,  42 1 
renal, 4 1 0, 423 
rympanic, 369,  3 72 ,  3 74, 420 

venous 
prerygoid, 443 
vertebral, 4, 1 59 

Pneumoencephalogram 
anteroposterior, 2 52-2 5 3  
i n  clinical studies o f  lateral ven­

tricle, 2 5 1 ,  252-2 5 5  
lateral, 254-2 5 5  

Pneumography, intracranial, 296 
Poles, cerebral 

frontal, 1 ,  9,  20, 234,  2 3 5 ,  2 36, 
237 , 2 38, 243, 246, 248, 
252 , 2 5 4  

occipital, 2 0 ,  2 3 5 ,  237 ,  2 3 8, 243, 
245, 246, 248, 249, 2 5 4  

temporal, 2 0 ,  237 ,  243, 452 ,  4 54 
Polymorphic cell layer 

of cerebral cortex, 260, 2 6 1  
o f  hippocampus, 2 7 7 ,  278 

Pons, 3 ,  5 ,  12 ,  1 3 , 14,  1 6, 98,  1 70, 
1 8 1 - 1 88, 190, 192, 195 ,  
1 97, 206, 207 , 2 14 , 223 ,  
224, 249, 286, 288, 3 1 5 , 
326, 344, 361 , 363, 364, 
366, 367, 372, 390, 4 1 9, 
420 

arteries to, 1 87, 4 5 1 ,  453 ,  4 5 5 ,  
463 

basal part of, 1 8 1  
basilar groove of, 1 8 1 ,  1 86 
blood supply of, 1 87 ,  4 5 1 ,  4 5 3 , 

4 5 5 , 463 
disorders of, 1 87,  1 88 

clinical notes on, 1 86- 1 87 
clinical problems on, 1 87 - 1 88 

answers to, 486-487 
connection to cerebellum, 1 96 
coronal section of, rrigeminal 

nerve nuclei in, 364 
corricopontocerebellar pathway, 

1 96, 1 98, 343 
cur to reveal descending fibers, 

2 1  
as floor of fourth ventricle, 208 
general features of, 1 86- 1 87 
gross appearance of, 1 8 1  
hemorrhage of, 1 87,  1 88 
infarctions of, 1 87 
internal structure of, 1 8 1 - 1 86 
lateral lemniscus of, 1 8 5 ,  1 86, 

1 87 
lesions of, 1 87- 1 88, 486-487 
medial eminence of, 1 8 1 ,  1 83 
median sulcus of, 1 5 , 1 8 1 ,  1 83 
medulla oblongara inferior to, 

1 7 5 , 1 78 
nuclei of, 1 76, 1 84, 1 85 ,  1 86, 

1 98, 346 
posterior view of, 1 5  
structures in, 489 
sulcus limitans of, 1 8 1 ,  1 83 
regmentum of, 1 8 1  
transverse fibers of, 1 2 ,  1 84, 1 85 ,  

186, 1 98, 2 1 0, 323 ,  343 
forming middle cerebellar 

peduncle, 1 96 
superficial, 1 82 

transverse section of, 98
. 

caudal part, 1 8 1 - 1 84 
cranial part, 1 84- 1 86 
rosrral part, 1 86 
at trigeminal nuclei level, 1 85 

trapezoid body of, 1 8 1 ,  1 84, 1 85 ,  
1 86 

Pons--C ontinued 
tumors of, 1 8 7 ,  1 88 
veins of, 4 5 5  

Pontine cistern, 2 5 5 ,  288 
Pontine rericulospinal tract, 3 2 5 ,  

326 
Pontocerebellar fibers, transverse, 

323  
Pore, of nucleus of neuron, 49 
Posrcenrral gyrus, 1 3 ,  19,  234,  

235 
Posrcenrral sulcus, 234, 235,  2 3 8  
Posterior commissure, cerebral, 

226, 228,  244, 246, 286 
Posterior lobe, of cerebellum, 1 89, 

1 9 1 ,  1 9 2  
Posterior nucleus, hypothalamic, 

228, 229,  397 
Posterior root ganglion, spinal, 2 ,  4,  

7 ,  8 ,  2 5 ,  26, 28,  29,  88, 
97, 98, 1 5 1 , 1 52 , 284, 
294, 3 33 ,  394, 399 

capsular cells of, 99 
firsr-order neuron cell body in, 

305 
formation of afferent sensory 

neurons in, 1 7 1  
nerve cell in, 144 
sacral, 3 5 
in simple reflex arc, 1 4 1  

Posrerolateral tract of Lissauer, 
1 5 7 ,  1 58, 307,  308, 309, 
3 1 0  

i n  lateral white column, 1 5  7 
Posreromedial nucleus, of thalamus, 

362 
Postganglionic nerve fibers, 4 1 0, 

4 1 1 , 4 1 2 , 4 14 , 433  
adrenergic, 4 1 5  
blocking agents affecting, 4 1 6  
muscarinic endings of, 4 1 5  
parasympathetic, 4 1 1 ,  4 1 2  
pharmacology o f  endings in, 

4 1 5-4 1 6, 4 3 3  
structure o f  endings i n ,  4 1 3-4 1 6  
sympathetic, 4 1 0, 4 1 1  

Posrsynaptic membranes of neu­
rons, 65-66 

Postural sense, 1 36, 1 66, 48 1 ,  484 
testing of, 1 33 ,  1 36 

Posture, 1 42- 1 4 5 ,  146 
in cerebellar dysfunction, 200 
clinical notes on, 1 46 
deep muscles of back in, 142  
definition of, 1 42 



Posture-Continued 
and eyes in maintenance of bal­

ance, 1 4 6  
and hyporension, 465 
muscle rone in maintenance of, 

142 ,  1 46 
reflexes in maintenance of, 1 42 ,  

145 ,  146 
Potassium 

blood levels affecting skeletal 
neuromuscular j unctions, 
1 3 5  

hyperkalemic paralysis, 1 3  5 
hypokalemic periodic paralysis, 

1 3 5  
Power, muscular, clinical observa­

tion of, 1 46- 147  
Precentral cortical area, 262-264,  

268 
lesions of, 268 

Precentral gyrus, 1 3 , 1 9, 234, 2 3 5 ,  
440 

motor homunculus on, 264 
Precentral sulcus, 234,  2 3 5 ,  2 3 8  
Precuneus, 2 3 6  
Prefrontal area o f  cerebral cortex, 

264-265 
lesions of, 268-269 

Preganglionic fibers, 409-4 1 2 ,  4 14 ,  
433  

parasympathetic, 3 6 1 ,  4 1 0-4 1 2  
sympathetic, 409-4 1 0, 4 1 1  

Preganglionic outflow 
parasympathetic, 1 53 ,  1 5 5 
sympathetic, 1 5 3 ,  1 54 

Premoror cortical area, 262,  263 
Preoptic area, of hypothalamus, 

227 ,  228 
Preoptic nuclei, hypothalamic, 2 2 8, 

229, 397 
Prepiriform area, of cerebral cor­

tex, 3 5 4  
Pressure 

intracranial, 4 1 ,  1 78 
pain from, testing of, 1 3 3 
sensations of, 307,  309, 3 1 0 

Pacinian corpuscles in,  1 32 
pathways for, 307,  309, 3 1 0 

Presynaptic membranes, of neu­
rons, 65-66 

Presynaptic vesicles, 63, 65 ,  66, 70,  
1 30,  476 

at  neuromuscular j unction, 1 2 7  
Pretectal nucleus, 3 57 ,  3 5 8 ,  3 6 1 ,  

426 

Preteccal nucleus-Continued 
light reflex ending in, 2 1  7 
in visual reflexes, 3 5 7  

Primary fissure, o f  cerebellum, 1 6, 
189, 190, 1 9 1 ,  192 ,  206, 
344 

Procaine 
as local anesthetic, 1 1 1  
as synaptic blocking agent, 69 

Process( es) 
articular, vertebral, 30 
of astrocytes, 302 

foot processes, 300, 302 
dendritic, of Purkin je  cells, 46 
of ependymal cells, 82 
of glial cells, 302 
of neurons, 59, 6 1 ,  65-67. See 

also Axon(s); Dendrites 
of oligodendrocytes, 90 
of pale cell, 3 0 1  
transverse. See Transverse pro­

cess, of vertebrae 
Projection fibers, of cerebral hemi-

spheres, 244, 249 
Prolacrin, 403 
Propranolol, 1 3 5 ,  4 1 6  
Proprioceptive information 

ascending ro consciousness in 
posterior white column, 
144, 332  

ascending tract conduction of, 
305 

ro cerebellum, 307 
Proprioceptive organs, afferent in­

formation from, 3 1 5  
Proprioceptive sensations, loss of, 

in Brown-Sequard syn­
drome, 3 3 8  

Proprioceprors, 1 1 5 
. Prosencephalon, 5 
Prostate, 425 ,  426 
Pterygoid canal, nerve of, 369, 4 1 8, 

420 
Pterygoid muscle, nerve to, 369 
Pterygoid venous plexus, 443 
Pterygopalatine fossa, maxillary ar-

tery in, 459 
Pterygopalatine ganglia, 4 1 2 , 4 1 8, 

420 
Prosis, of eyelid, 383 
Pulmonary plexus, 4 1 2 ,  42 1 

anterior, 376 
Pulvinar, of thalamus, 1 7 ,  1 8, 2 14, 

22 1 , 222, 225 ,  3 5 7 ,  389, 
39 1 ,  392 

5 4 5  

Pupil 
Argyll Roberrson, 387,  42 8-429, 

498-499, 5 0 1  
pinpoint, 1 87 ,  1 88,  487 

Pupillae muscle of iris, constricror, 
3 5 7 , 3 58,  3 5 9  

Pupillary skin reflex, 3 59  
Purkinje cells, 4 7,  1 89, 1 93,  1 96-

197 ,  1 99, 200, 345 
dendritic processes of, 46 
dendritic spines on, 1 94 

Pucamen, of lentiform nucleus, 22,  
2 3 , 222, 2 2 5 , 240, 24 1 ,  
244, 390, 40 1 

Parkinson's disease affecting, 
3 3 8  

Pyramid 
of cerebellar vermis, 1 6, 2 1 , 1 89, 

1 90, 1 9 1 ,  1 92,  206, 344 
of medulla oblongaca, 5, 1 2 ,  1 69, 

1 70, 1 7 1 ,  1 7 3 ,  1 74,  1 75 ,  
1 76, 1 77 ,  1 79, 1 82,  1 97, 
323,  3 3 5 ,  379, 398, 399, 
400 

corticospinal tract in, 323 ,  324 
decussation of, 1 69, 1 70, 1 73 ,  

1 74,  323 ,  324, 349, 377 ,  
398 

internal structures at  level 
of, 1 72 ,  1 7 3 ,  1 74 

Pyramidal cells 
in  cerebral cortex, 46, 47, 2 57 ,  

2 5 8  
external, 260, 2 6 1  
internal, 260, 2 6 1  

dendritic spines of, 2 5 7 
of hippocampus, 2 7 7 ,  278 

Pyramidal tract ,  2 6 1 ,  323 ,  3 3 5 ,  
339, 496 

Pyrexia, irregular, in  hypothalamic 
dysfunction, 23 1 

Quadrangular lobule, of cerebel­
lum, 1 92 

Quadriceps femoris muscle, inner­
vation of, 146 

Quadriplegia, 336 
Queckenstedt sign, 33 ,  1 63 ,  1 66, 

485 

Radial nerve, 3 ,  69, 1 00, 2 5 7-2 59, 
474 

Radiation 
acoustic, 3 70, 3 7 1  
audirory, 247,  266 
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. Radiation-Continued 
of corpus callosum, 244 
optic. See Optic radiation 

Radicular arteries, 1 6 1  
anterior, 1 60, 1 6 1 ,  1 62 
posterior, 1 60 

Radicular vein 
anterior, 1 60 
posterior, 1 60 

Radiography 
carotid arteriogram 

anreroposrerior lateral, 4 5 8-
459, 506 

lateral internal, 4 56-4 5 7 
direction of x-rays in, 4 6 1 ,  463 
position of film cassette in,  2 5 3 ,  

2 5 5 , 4 5 7 , 459, 461 , 463 
position of x-rays in, 2 5 3 ,  2 5 5 ,  

457 , 459 
programmed in jector of 

radiopaque solution in,463 
of skull, in studies of lateral ven­

tricle, 2 5 1 , 252-255 ,  2 56 
of subarachnoid space, 1 6 3 - 1 6 5 ,  

1 67 
vertebral arreriogram 

anteroposrerior, 462-463 
lateral, 460-46 1  

of vertebral column, i n  spinal 
cord compression, 1 6 3  

Ramus 
inferior, of oculomoror nerve, 

3 6 1  
o f  lateral sulcus 

anterior ascending, 233 ,  2 3 5 ,  
238 

anterior horizontal, 233,  2 3 5 ,  
2 3 8  

posterior, 233 ,  2 3 5 ,  2 3 8  
of spinal nerves. See Spinal 

nerves, ramus of 
Ranvier node, 80, 87 ,  89, 92, 1 1 1 , 

477 
in  central nervous system, 90,  92 
on myelinated nerve fibers, 87 ,  

89, 9 1 , 92, 96 
on peripheral nerves, 89, 9 1 ,  96 

Raynaud's disease, 39, 500- 5 0 1  
symparhecromy in, 4 3 0  

Recepror endings, 1 1 5- 1 24,  1 2 5 ,  
1 32- 1 33 ,  1 3 5- 1 36, 306, 
3 54, 480-482 

clinical notes on, 1 3 2- 1 3 3  
clinical problems on, 1 3  5- 1 3  7 

answers ro, 480-482 

Recepror endings-Continued 
encapsulated, 1 17 - 1 24 

Krause bulbous corpuscles, 
1 19, 1 22, 1 32 

Meissner's corpuscles, 1 1  7,  
1 32 

neuromuscular spindles, 1 19-
1 24, 1 32 

neurorendinous spindles, 1 24, 
1 2 5 ,  1 32 

Pacinian corpuscles, 1 1 7-1 19 ,  
1 32 

exreroreceprors, 1 1 5  
functions of, 1 3 2  
interoreceprors, 1 1 5 

baroreceprors, 1 1 5  
chemoreceprors, 1 1 5 
proprioceprors, 1 1 5  
visceroreceprors, 1 1 5  

nonencapsulared, 1 1 5- 1 1  7 
free nerve endings, 1 1 5- 1 1 7 ,  

1 32 
Merkel's discs, 1 1 5 , 1 32 
related ro hair follicles, 1 1 5-

1 1 7,  1 32 
olfacrory, 3 54 
sympathetic, 1 3 5  

agents blocking, 1 3  5 
alpha, 1 35 
beta, 1 35 

Recess 
optic, of third ventricle, 22 7 
pineal, 228 

Reciprocal innervation, law of, 3 3 3 ,  
334 

Rectum, 4 1 1  
auronomic innervation of, 423 

Rectus muscle of eyeball 
inferior, 3 6 1  
lateral, 3 6 5 ,  366 
medial, 3 58, 3 6 1  
superior, 361  

Recurrent laryngeal nerve 
left, 3 76 
right, 376 

Red blood cell, 300 
Red nucleus, 14, 1 8, 143 ,  1 98 ,  2 1 5 , 

2 1 7, 2 1 8, 24 1 ,  325 ,  326, 
3 3 1 , 349, 3 6 1 ,  390, 394 

in Benedikt's syndrome, 2 1 8, 
2 19 

cerebellar afferent fibers from, 
348 

globose-emboliform-rubral path­
way ro, 348 

Red nucleus-Continued 
rubrospinal tract from, 3 2 5 ,  328,  

348 
in subrhalamus, 226 

Referred pain, 430-4 3 1 ,  432,  5 0 1  
Reflex( es) 

abdominal superficial, with cor­
ricospinal tract lesions, 
3 3 5  

accommodation, 3 5 7 - 3  59, 
426-427 

Achilles tendon, 1 40 
ankle j erk, 1 40 
autonomic nervous system in, 

426-428 
Bainbridge right atrial, 428 
biceps brachii tendon, 1 39, 140 
brachioradialis tendon, 1 39 
cardiovascular, 427-428 
corneal, 3 59, 360 
cremasreric, 3 3 5  
crossed extensor, 3 3 3 ,  334 
deep muscle, descending tract le­

sions affecting, 3 3 6  
de nition of, 330 
disorders in cerebellar dysfunc­

tion, 2 0 1  
knee jerk, 1 36, 1 40, 4 8 1  
light 

consensual, 3 5 7 ,  426 
direct, 3 5 7 , 426 
prerecral nucleus ending of, 

2 1 7  
lower moror neuron lesions af­

fecting, 3 3 6  
in muscle tone, 1 4 1 - 1 42 ,  1 46, 

3 34 
patellar, 1 36, 1 40, 4 8 1  
plantar superficial, 140 
in posture maintenance, 1 42 ,  

1 44,  1 4 5 ,  1 46 
pupillary skin, 3 5 9  
spinovisual, 307,  3 1 5  
ro rest segmental innervation of 

muscles, 1 46 
triceps brachii, 1 3 9  
visual, 3 57-3 59, 426-42 7  

body, 3 59, 360 
Reflex arc, 3 30-334 

higher neuronal centers affecting, 
334 

m nosynaptic, 3 3 0, 332  
in  muscle tone, 334 

simple, 1 22,  1 26, 1 4 1 - 1 42 
structures in, 3 3 0  



Refractory periods 
in  nerve conduction 

absolute, 1 02, 1 1 1 , 478 
relative, 1 02 

in plasma membrane of neurons, 
57 

Regeneration of nerves, 1 04,  107  
in  autonomic nervous system, 

428 
of axons, 1 04, 1 05 - 1 08 
in central nervous system, 1 05-

1 06, 1 1 3 ,  479-480 
in peripheral nerves, 105 ,  1 06-

1 08, 1 1 2 ,  475 ,  478 
Relative refractory period, in  nerve 

impulse conduction, 1 02 
Release-inhibiting hormones, 403, 

404 
Releasing hormones, 403, 404 
Renal ganglion, in renal plexus, 423 
Renal plexus, 4 1 0, 423  
Renshaw cells, 67,  69, 144, 3 3 2  

and lower mocor neuron inhibi­
tion, 3 34 

Reproductive tract, innervation of, 
425-426 

Respiratory center, of brainstem, 
4 1 2  

Resting membrane potential, 1 1 1 , 
478 

of cerebral cortex, 270 
in  peripheral nerve impulse con­

duction, 1 00, 1 02, 1 1 1 , 
478 

Reticular alerting mechanism, 270 
Reticular formation, 1 43,  1 98, 346, 

349, 400 
cerebroreticulocerebellar path­

ways, 344,  346 
fastigial reticular pathway, 3 50 
in medulla oblongata, 1 74, 1 75 ,  

1 76, 1 78 
in midbrain, 2 1 5 , 2 16, 2 1 7-2 1 8  
i n  pons, 1 84, 1 8 5  
reticulospinal tract. See Reticulo­

spinal fibers and tracts 
spinoreticular tract passing co, 

3 1 5  
Reticular nucleus, of thalamus, 392,  

393 
Reticulocerebellar tract, 1 96 
Reticulospinal fibers and tracts, 

143 ,  144,  1 59, 325 ,  3 2 6, 
3 32, 349 

in anterior white column, 1 59 

Reticulospinal fibers and tracts-
Continued 

functions of, 3 2 1  
i n  lateral white column, 1 58 
medullary, 325 ,  326 
pontine, 325 ,  326 

Retina 
examination of, 3 8 1  
ganglionic layer of, 3 5 4  
macula lutea of, 354, 356, 3 5 7, 

3 8 1  
optic nerve origin in, 3 54, 3 5 6  

Retrobulbar neuritis, blindness in, 
382 

Retrograde degeneration, of cell 
body, 103-105 ,  1 08 

Rhinal sulci, 23 7 
Rhizocomy, for pain relief, 3 1 7  
Rhombencephalon, 5 ,  1 3- 1 4  
Rhomboid fossa. See Fourth ventri-

cle, floor of 
Rhythms, circadian, hypothalamic 

control of, 405, 406 
Rib 

cervical, 428 
first, 1 65 
second, 165  
tenth, 28  

Ribosomes, of  neurons, 49 ,  56  
Rigidity, 336 

cog-wheel, in Parkinson's disease, 
339 

decerebrate, 334 
plastic, in Parkinson's disease, 

338 
Rods, and cones, 3 5 7 
Romberg test, 1 48 
Roof 

of fourth ventricle. See Fourth 
ventricle, roof of 

of lateral ventricle, 242 
of third ventricle, 22 1 ,  228-230 

Roof plate 
of fourth ventricle, 1 7 1  
o f  neural cube, 399 

Roots 
of accessory nerve 

cranial, 1 70, 1 78, 374, 377 ,  
378 

spinal, 9 ,  12 ,  l 70,  1 73, 1 97, 
374-375 ,  377,  378, 387, 
398, 499 

of facial nerve 
motor, 1 70, 368, 369 
sensory, 1 70, 368, 369 

Roots-Continued 
of hair follicle, 1 1 9 
of hypoglossal nerve, 1 2  
of spinal nerve 

mocor. See Spinal nerves, 
root(s) of, anterior 

5 4 7  

sensory. See Spinal nerves, 
root(s) of, posterior gan­
glion of; Posterior root 
ganglion, spinal 

of trigeminal nerve, 1 70 
mocor, 1 2 , 98,  1 8 1 ,  1 82,  1 85 ,  

2 1 4  
sensory, 1 2 , 98, 1 77, 1 8 1 ,  1 82,  

1 85 ,  2 14,  364 
of vagus nerve, l 7 1 ,  399 

Rostrum, of corpus callosum, 14,  
224, 236, 242, 244, 286 

Rough endoplasmic reticulum, of 
neurons, 49, 50, 5 1 ,  5 5  

Rubrocerebellar fibers, i n  superior 
cerebellar peduncle, 1 96 

Rubrospinal tract, 143 ,  1 44, 1 58, 
1 72, 323 ,  325 ,  328,  3 32,  
348, 349 

cerebellar connections of, 1 98 
decussation of, 2 1 5 , 2 1  7 
functions of, 3 2 1  
i n  lateral white column, 1 58, 328 

Saccule, 3 70 
vestibular nerve fibers from, 368 

Sacral canal, 3 5 
Sacral foramen, 28  
Sacral ganglia, posterior root, 3 5 
Sacral plexus, 3, 26, 427 
Sacral spinal cord, 3 ,  7,  27 ,  1 52 ,  

1 5 3 , 4 1 2  
fourth segment of, 4 1 2,  422 
second segment of, 4 1 2 , 422 

transverse section of, 1 5  5 
third segment of, 4 1 2 , 422 
transverse section of, 1 53 ,  1 55 

Sacral spinal nerves, 23  
fifth, 7 ,  2 7  
first, 7 ,  27  

area of  skin innervated by, 
1 39, 1 40 

motor nerve root of, effects of 
pressure on, 32  

fourth, 424, 42 5 
area of skin innervated by, 140 

nerve roots of, 3 5 
second, 424, 4 2 5  
third, 2 8 ,  424, 4 2 5  
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Sacral vertebrae, second , 6, 443 
lower border of, 284 

Sacrum, 2 7  
cur laminae of, 3 5  
posrerior view of, 3 5 

Sagirral surure of skull, 1 0, 2 5 3 ,  
436, 463 

Sagirral venous sinus 
coronal secrion of, 293 
inferior, 1 0, 2 50, 4 3 5 ,  436, 439,  

440, 4 54 
bleeding from, in infanrs, 38  

superior, 10, 284,  293,  4 3 5 ,  436,  
438, 439, 442, 454 

cerebrospinal fluid absorprion 
inro, 292 

endorhelial cells of, 293 
Salivary glands 

parocid , 372, 3 74, 4 1 1 , 420 
auronomic innervarion of, 4 1 8, 

420 
sublingual, 368,  4 1 1  

auronomic innervarion of, 4 1 8, 
4 1 9  

submandibular, 368, 4 1 1  
auronomic innervarion of, 4 1 8, 

4 1 9  
Salivary nucleus 

inferior, 4 1 8, 420 
superior, 4 1 8 ,  4 1 9  

Salivarory nucleus 
inferior, 1 77 ,  370-372,  373  
superio� 1 77 ,  2 1 0, 367,  368 

Salrarory conducrion of nerve im­
pulse, 103 ,  1 1 1 , 478 

Sarcolemma, ar skeleral neuromus­
cular juncrion, 1 26, 1 2 7  

rrough of, 1 26, 1 2 7  
axon in, 1 30 

Sarcoma, of peripheral nerves, 1 1 0 
Sarellire cells, in sensory and au­

ronomic ganglia, 97,  99, 
1 1 1 , 477  

Scalp 
layers of, 1 0, 436 
superficial nerves of, 1 0, 436 
superficial vein of, 10 ,  436 

Scapular nerve, dorsal, 1 00 
Scar, glioric, 84, 476 
Schmidr-Lanrerman incisure, 87,  

92, 93,  1 1 1 , 477  
Schwann cells, 87 ,  89 ,  95 ,  1 04,  

1 1 6, 1 29,  1 30 
basemenr membrane of, 9 1  
cell membrane of, 9 1  

Schwann cells-Continued 
covering axons in bulbous cor­

puscle of Krause, 1 22 
cyroplasm of, 89, 9 1 ,  92,  93,  94 
in myelin formarion, 87,  9 1 ,  92 

mesaxon formarion in, 87, 9 1  
nucleus of, 9 1 ,  92, 9 3 ,  94 
in Pacinian corpuscle, 1 2 1  
i n  peripheral nervous sysrem, 87, 

89, 9 1 , 92 
ar skeleral neuromuscular junc­

rion, 1 26, 1 2 7  
ar smoorh neuromuscular junc­

rion, 1 30, 1 3 1  
Sciaric nerve, 3 

· degenerarion and axon regenera­
rion afrer injury, 107 

disral srump of, longirudinal sec­
rion of, 107 

Sciarica, 3 1 
Sciera of eyeball, 294, 444 

meninges arrached ro, 444 
Sclerosis 

amyorrophic lareral, 149, 484 
mulriple, 386, 398, 428, 498 

sensory loss in, 3 1 8 
Scopolamine, 69, 1 3 5 
Scoroma, cenrral, 38 1 
Sebaceous gland, 1 1 8 
Second-order neurons, 305 

of ascending parhway, 3 5 3  
o f  descending parhway, 3 2 1 ,  322,  

353 
Secrerory cells, nerve endings on,  

1 3 1 , 1 32 ,  1 3 5  
drugs affecring, 1 3  5 

Sella rurcica, 2 5 5 
Semicircular canals or ducrs, 3 70 

vesribular nerve fibers from, 
368 

Semicircular ducrs, ampullae of, 
372 

Semilunar lobules, of cerebellar, 
1 9 1 ,  1 92 

Semilunar (rrigeminal) ganglion, 
177 , 294, 360, 362,  364,  
365 , 439 

Seminal vesicle, 42 5 ,  426 
Senescence, and neuronal degener­

arion, 1 08 
Sensory afferenr nerve fibers. See 

Afferenr (sensory) nerve 
fibers 

Sensory areas of cortex, 2 7 1 ,  
49 1 -492 

Sensory cells, of posrerior gray col­
umn, 1 7 1 ,  399 

Sensory ganglia, 97 
capsular cells of, 97, 99 
of glossopharyngeal nerve 

inferior, 3 3, 374 
s perior, 3 7 3 , 3 74 

posrerior roor. See Posrerior roor 
ganglia 

sarellire cells in,  1 1 1 , 4 7 7  
srrucrure of, 97 
rrigeminal, 1 77 ,  294,  360, 362,  

364, 365 , 439 
of vagus nerve 

inferior, 3 7 3 , 3 7 5 ,  376 
superior, 3 7 5 ,  376  

Sensory informarion 
conscious parhways for, 305-

3 1 2,  3 1 5 , 3 1 6  
neurormesis affecring, 1 09, 1 1 0 
unconscious parhways for, 3 1 2-

3 1 4, 3 1 6  
Sensory loss, i n  thalamic lesions, 

230,  395 
Sensory modalities 

afferenr srimuli, 2 
efferenr stimuli, 2 
examination of, 1 32- 1 3 3 ,  1 3 5 ,  

1 3 6  
histological srrucrures related ro, 

1 32 ,  1 3 5  
Sensory nucleus 

of facial nerve, 2 1 0, 367-368 
of glossopharyngeal nerve, 3 72 
of crigeminal nerve, 98, 1 77, 

184- 1 85 ,  187 ,  360, 362, 
364, 394 

of vagus nerve, 3 73-374 
visceral, 1 56 

Sensory roor 
of facial nerve, 1 70, 368, 3 69 
of spinal nerve. See Spinal nerve, 

roots of, posrerior 
of crigeminal nerve, 1 2 , 98, 1 77, 

1 8 1 ,  1 82 ,  1 85 ,  2 14 ,  364 
of agus nerve, 1 7 1 ,  399 

Septum 
nasal, 463 
pellucidum, 14, 22,  224, 2 3 6, 

240, 24 1 , 242, 2 50, 2 5 3, 
276, 286,  390 

caviry of, 222 
posterior median, 8, 1 7 1 ,  399 

Serotonin, in pineal gland, 226-
227  



Sex organs ,  4 1 1  
auronomic innervation of, 425-

426 
Sexual disorders, with hypothalamic 

lesions, 406 
Sh each 

dural, of spinal cord, 28 ,  3 5 
myelin, of nerve fibers, 80  
of  rooc of  hair follicle, 1 1 9 

Shock 
physical, 465 
psychological, 465 
spinal, 3 34 

Sigmoid sinus, 439, 44 1 ,  454 
Signs. See Tests and signs 
Sinoacrial nodes, 420, 42 1 
Sinus 

carotid ,  372 , 374, 3 7 5 , 427 , 449 
cavernous, 439,  44 1 ,  442, 446, 

450, 4 5 7 , 459, 5 02 
froncal, 442 
incercavernous, 439,  443 
occipical, 438,  440, 44 1 ,  4 54 
pecrosal, 439, 44 1 ,  443 
sagiccal. See Sagiccal venous sinus 
sigmoid, 439,  44 1 ,  454 
sphenoidal, 44 1 ,  459 
scraighc. See Straight sinus 
transverse. See Transverse sinus 

Skeletal muscle 
denervacion supersensicivicy of, 

1 34 
innervation of, 1 24 - 1 2 8  

acecylcholine release i n ,  1 2 8  
exocyrosis process i n ,  1 2 8  

law o f  reciprocal innervation in 
accivicy of, 333 ,  334 

moror nerve injury affecting, 
1 34,  1 36 

motor unit of, 1 2  5 
nerve fibers cerminacing ac moror 

end-place of, 1 2 8  
neuromuscular j unctions in, 

1 26- 1 28, 1 33- 1 3 5 . See 
also Neuromuscular j unc­
tion 

segmencal innervation of, 1 39-
1 40 

Skeleron 
lateral view of, 1 42 
line of gravity through, 142 ,  

1 4 6  
Skin, 3 4 ,  4 10, 436 

afferenc information from, 3 1 5  
ro cerebellum, 307 

Skin-Continued 
dermis layer of, 1 1 6, 1 1 8 ,  1 20, 

1 2 1 ,  1 2 2  
digital, nerve endings i n ,  1 1  7 
epidermis of, 1 1 6, 1 1 8 ,  1 20, 1 2 1 ,  

1 2 2  
free nerve endings i n ,  1 1 6  
of head, 1 0  
Meissner's corpuscle in, 1 1  7 ,  

1 20, 132  
Merkel's discs, 1 1 5 ,  1 16, 1 1 7 ,  

1 32 
Pacinian corpuscle in. See Pacin­

ian corpuscles 
segmencal innervation of, 1 39 

clinical notes on, 14 5 
sensory innervation of, 1 48,  

482-483 
Skull, 4 1 ,  1 65 , 463, 473 

accessory nerve fibers encering, 
377  

of  adulc, 35 ,  4 1  
area occupied by lefr cerebellar 

hemisphere, 43 7 
area occupied by occipical lobe, 

437 
bone of, 43 7 
of child , 3 5  
coronal sucure of, 2 5 5 ,  461  
fraccure of, 3 3 ,  3 5 

pond, 35  
of  infancs, 4 1  
inner cable of, 2 5 3 , 2 5 5  
incerior of, 1 0 ,  436 

posterior view of, 43 7 
lambdoid sucure of, 2 5 3 ,  2 5 5 ,  

463 
movement of brain in, ac impact, 

36, 3 7 ,  38  
oucer cable of, 2 5 3 
sagiccal sucure of, 1 0, 253 ,  436, 

463 
space-occupying lesions in, 38 

Sleep, 2 7 1 ,  273 ,  493 
hypothalamic lesions affeccing, 

2 3 1 , 406 
Small intestine, 4 1 1  
Smell. See Olfaccion 
Smooch muscle, 4 1 5  

fibers of, 95 ,  1 3 1  
innervation of, 1 30- 1 32 

acecylcholine release in, 1 30 
exocycosis in, 1 30 
norepinephrine release in ,  1 30, 

1 3 2  

5 49 

Smooth muscle-Continued 
neuromuscular junctions in, 

1 2 8- 1 32,  1 3 5 .  See also 
Neuromuscular j unction 

Sofr palace, 3 74 
facial nerve fibers from, 368 

Sole place, 1 26, 1 2 7 ,  1 36, 4 8 1  
Soleus muscle, innervation of, 1 46 
Solitary trace. See Traccus solicarius 
Somatic nervous system 

afferenc fibers of hypothalamus, 
397, 402 

compared co auronomic system, 
4 1 0  

Somarocropic hormone, 403, 404 
Someschecic association area, coni­

cal, 265 
lesions of, 269 
primary, 263,  265 

lesions of, 269 
secondary, 263,  265 

Space 
excradural, 1 59 
subarachnoid. See Subarachnoid 

space 
Spasms, 336 

conic, 147  
Spascicicy, 336 

in  descending trace lesions, 3 3 5 
in mocor corcex lesions, 268 

Speech disorders 
in cerebellar dysfunction, 2 0 1  
dysarchria, 2 0 1  
expressive aphasia, 268 

Sphenoid bone, coronal seccion 
through, 44 1 

Sphenoid sinuses, 44 1 ,  4 59  
Sphenopariecal sinus, 443 
Sphinccer(s) 

of anal canal, 424 
of urinary bladder, 424-42 5 

Spinal arcery, 1 60, 4 6 1  
anterior, 1 60, 1 6 1 , 4 5 1 , 463 
posterior, 1 60, 1 6 1 , 45 1 

Spinal canal. See Vercebral canal 
Spinal column. See Vercebrae and 

vercebral column 
Spinal cord, 1 ,  2 ,  4, 9, 1 5 1 - 1 67, 

1 98,  347,  378, 394, 437  
adult, 6 
afferenc fibers encering, 3 3 3  
anaromical feacures of, 1 6 1 - 1 62 
arachnoid macer of. See 

Arachnoid macer 
arcerial supply of, 1 60 
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Spinal cord-Continued 
ascending tracts of, l 58, 305-

3 19. See also Ascending 
tracts of spinal cord 

attachment of spinal nerves to, 
1 5 1 ,  1 5 2 . See also Spinal 
nerves 

blood supply of, 1 60, 1 6 1 - 1 62,  
1 66, 485 

central canal of. See Central canal of 
spinal cord 

cerebrospinal fluid surrounding, 1 5 , 
1 60, 292 

cervical enlargement of, 2, 1 5 1 ,  
1 52 , 47 1 

cervical segments of. See Cervical 
spinal cord 

clinical notes on, 1 6 1 - 1 63 
clinical problems on, 1 66- 167  

answers to, 484-486 
coccygeal portion of, 3, 7 ,  2 7 ,  1 52 
columns of 

gray. See Gray columns of spi­
nal cord 

white. See White columns of 
spinal cord 

compression of, 1 62- 1 6 3 ,  483 
cerebrospinal fluid changes in, 

1 6 3  
clinical signs of, 1 62- 1 63 
extradural causes of, 1 62 
intradural causes of, 1 62 
lumbar puncture in diagnosis of, 

163  
myelography in  diagnosis of, 1 63 
radiography in, 1 63 
rumors causing, 1 62 - 1 63 

conus medullaris of, 2 ,  6, 7, 28 ,  
1 5 1 ,  1 52 

cuneocerebellar tract from, 348 
descending fibers to, 40 1 ,  403 
descending tracts of, 1 58, 3 2 1 -

3 4 1 .  See also Descending 
tracts of spinal cord 

diameter of, 40 
dura mater of, 2, 4 ,  7, 28, 30, 34, 

1 5 1 ,  1 52 
dural sheath of, 28 ,  3 5  
ependymal cells lining, 82 
of fems, 6 
gray commissure of, 2 ,  8 ,  1 5 1 , 

1 5 3 ,  1 54 ,  1 56.:... 1 5 7,  288 
anterior, 1 5 7 ,  1 67 ,  486 
posterior, 1 56 

gray matter of. See Gray matter 

Spinal cord-Continued 
hemisection of, 3 3 7 
in herpes zoster, 148 
injuries to,  29, 3 1 ,  40, 3 1 9, 

429-430, 4 7 1 -472, 494 
clinical notes on, 29, 3 1  
clinical problems on, 40-4 l 

answers to, 472 
defecation after, 429-430 
erection and ejaculation after, 

430 
urinary bladder after, 39, 429 

lateral margin of, 165 
lower end of, 27 ,  284 

oblique posterior view of, 28 
lower motor neurons in, 47 
lumbar enlargement of, 2 ,  l 5 l ,  

1 5 2 ,  47 1 
lumbar segments of. See Lumbar 

spinal cord 
median fissure or sulcus of, 5 ,  1 2 ,  

1 70, 1 7 1 ,  1 8 1 ,  1 8 3 ,  205 ,  
208,  391 ,  399 

anterior, 2 ,  8 ,  1 5 1 ,  1 52 ,  1 54 ,  
1 5 5 , 169, 1 7 1 ,  1 73 ,  1 74, 
1 7 5 ,  398, 399, 400 

posterior, 2, 8, 1 5 1 , 1 52 ,  1 5 5 ,  
169, 1 70, 1 73 ,  1 74,  39 1 ,  
398 

meninges of, 6, 7,  1 59- 1 60 
motor output of, 88 
nerve tracts of, 1 1 1 , 4 77 
one segment of, 8 
pathways to cerebellar, 344-348 
pia mater of, 2, 4, 7 ,  28, 1 5 1 ,  

1 52 ,  1 60 
posterior aspect of, 7, 27 ,  1 52 
protective coverings of, 1 ,  2, 4 
relationship of segments to ver-

tebral numbers, 3 1 ,  3 3 
sacral segments of, 3, 7, 27 ,  1 53 ,  

412 .  See also Sacral spinal 
cord 

sensory input to, 88 
spinocerebellar tract 

anterior, 345-348 
posterior, 34 7 ,  348 

stages in development of, 1 69, 
1 7 1  

structure of, 2 ,  1 5 1 - 1 59 
subarachnoid space around. See 

Subarachnoid space 
syphilitic lesion of, 3 1 8  
terminal ventricle of, 1 5  7 
termination of, in adult, l 5 1 

Spinal cord-Continued 
thoracic segments of. See 

Thoracic spinal cord 
transecrion of, complete, 337-

338 
transverse sections of, 1 5 3 ,  1 60, 

307 , 3 2 3  
lumbar, 8 ,  1 5 3 ,  1 5 5 
nerve tracts in, l 58  
thoracic, 7 ,  26 ,  98 ,  1 53 ,  1 54 

rumors of, 1 62- 1 63 
venous drainage of, 1 60, 1 6 1  
white commissure of, 1 54 ,  1 5 5 ,  

244-248 
white matter of, 2, 7 ,  8, 40, 1 5 1 ,  

1 5 7 - 1 59,  1 7 1 ,  399, 47 1 .  
See also White matter, of 
spinal cord 

Spinal ganglion. See Posterior root 
ganglion, spinal 

Spinal lemniscus, 1 72 ,  1 78 ,  2 1 5 , 
2 1 6, 2 1 7 ,  307,  309,  394 

spinothalamic tract in, 308, 3 1 0  
Spinal nerves, 1 ,  4 ,  7 ,  8 ,  2 3 ,  26, 27 ,  

29 ,  95-97 ,  1 7 1 , 284,  294, 
3 3 3 , 399 

attachment to meninges, 294 
attachment to spinal cord, l 5 1 ,  

1 5 2  
cervical, 7 ,  9 ,  2 3 ,  27 ,  1 00, 1 39, 

140, 380, 438.  See also 
Cervical spinal nerves 

coccygeal, 7, 2 3 ,  2 7 ,  28  
inj uries to, 29 ,  3 1  
in intervertebral foramen, 30 
lumbar, 7 ,  23 ,  27 ,  32 ,  34, 1 39, 

140, 422. See also Lumbar 
spinal nerves 

nucleus pulposus exerting pres-
sure on, 32 

peripheral, 88 
posterior aspect of, 7 
ramus of 

a terior, 4, 8, 2 5 ,  26, 28  
gray, 4 ,  2 5 , 26, 409, 4 1 0  
posterior, 4 ,  8 ,  9 ,  2 5 ,  26, 28  
white, 4 ,  2 5 ,  26, 3 59, 409, 4 1 0  

relationship with intervertebral 
foramen and interverte­
bral disc, 30 

root(s) of, 7, 27 ,  97,  98 
a cerior or motor, 2, 4, 7, 8, 

2 5 , 26, 28,  34, 97 , 98, 
1 5 1 ,  l 5 2 ,  1 62 ,  l 7 1 ,  2 84, 
294, 3 3 3 ,  399, 4 1 0  



Spinal nerves, root(s) of, anterior or 
motor-Continued 

chromatolysis after section 
of, 1 05 

cerebrospinal fluid around, 294 
compression of, 1 62 
diseases affecting, 1 62 
lesions of, 1 62 
nucleus pulposus exerting 

pressure on, 32 
posterior or sensory, 2, 4, 7 ,  

2 5 , 26, 28,  34, 97 , 98, 
1 5 1 ,  1 52 ,  1 5 5 ,  1 62 ,  1 7 1 ,  
284, 294, 399, 4 1 0  

cervical, 472  
ganglion of. See Posterior 

root ganglion, spinal 
longitudinal section of, 99 
rhizoromy for pain relief, 

3 1 7  
posterior aspect of, 7 
union of, 98 

rootlets of 
anterior, 8 
posterior, 8 

sacral, 23 .  See also Sacral spinal 
nerves 

sensory neurons of, 399 
sites of emergence of, 1 65 
thoracic, 7 , 2 3 , 2 5 , 2 7 ,  1 00,  1 39, 

140, 42 1 ,  422, 424. See 
also Thoracic spinal nerves 

Spinal nucleus 
of accessory nerve, 3 74-3 7 5 , 377  
of  trigeminal nerve, 1 7 3 ,  1 74,  

1 7 5 ,  1 76, 1 7 7 ,  1 78 ,  1 79, 
1 84,  1 87 ,  364,  372 ,  373 ,  
3 7 5 ,  398, 400 

Spinal reflexes, 3 30-334 
higher neuronal centers affecting, 

334 
Spinal root, of accessory nerve, 

1 73 ,  197 ,  3 74-3 7 5 ,  3 7 7 ,  
378 , 398 

Spinal shock, 3 34 ,  3 39, 495, 496, 
497 

Spinal tap. See Lumbar puncture 
Spinal tract, of trigeminal nerve, 

1 72 ,  1 7 3 ,  1 74 ,  1 7 5 ,  1 76,  
1 78 ,  1 79,  1 84,  1 87 '  398,  
400 

nucleus of, 1 72 ,  1 7 3 ,  394 
Spinal veins, 1 60 

anterior, 1 60 
posterior, 1 60 

Spindles 
neuromuscular. See Neuromus­

cular spindles 
neurotendinous. See Neuroten­

dinous spindles 
tendon. See Neurotendinous 

spindles 
Spine(s) 

of cervical vertebrae, 30 
dendritic. See Dendrites, spines of 
iliac, 35  
of lumbar vertebrae, 34  
synaptic, 65 ,  70 
vertebral. See Vertebrae and ver­

tebral column 
Spinocerebellar tract, l 7 2 

anterior, 1 5 7 ,  1 58 ,  1 86, 1 96, 
198,  3 1 2-3 14, 345-348, 
398, 400 

cerebellar connections of, 196,  
198,  345-348 

in lateral white column of spi­
nal cord, 1 5 7,  3 1 3  

majority of fibers of, 34 7 
in medulla oblongata, 1 73 ,  

1 74 ,  1 7 5 ,  1 79 
minority of fibers of, 34 7 
as muscle joint sense pathway 

w cerebellum, 3 1 2-3 14  
posterior, 1 5  7 ,  1 58, l 7 3 ,  1 74, 

1 96, 307, 3 1 2 , 3 1 3 ,  398 
cerebellar connection of, 1 98, 

347, 348 
in  lateral white column, 1 5  7 
as muscle joint sense pathway 

to cerebellum, 3 1 2 ,  3 1 3  
in posrerolateral white column, 

3 1 3  
Spino-olivary tract, 1 58 ,  l 72 ,  307,  

3 14 , 3 1 5 , 3 3 1  
i n  anterolateral white column, 

3 1 5  
in lateral white column, 1 58 

Spinoreticular tract, 1 58 ,  3 14 ,  3 1 5  
in lateral white column, 1 58, 3 1 5  
passing to reticular formation, 

3 1 5  
Spinotectal tract, 1 57 ,  1 58, 1 72 ,  

307, 3 1 4 , 3 1 5  
anterior, 1 72 
in anterolareral white column, 

3 1 5  
lateral, 1 5  7 ,  1 72 

Spinorhalamic tract 
anterior, 1 58 ,  1 72 ,  307, 3 1 0  

Spinorhalamic tract, anterior­
Continued 

5 5 1  

in contralareral anterolareral 
white column, 3 1 0  

inj ury ro, 3 1 6-3 1 7  
as light much and pressure 

pathway, 309,  3 1 0  
lateral, 1 5 7 ,  1 58 ,  1 72 ,  1 7 3 ,  1 7 5 ,  

1 78 ,  1 79, 307, 398, 400 
as ascending tract, 1 5  7, 305-

309 
in conrralareral white column, 

308 
cordotomy for pain relief, 3 1  7 
injury to, 3 1 6 
as pain and temperature sensa­

tion pathway, 305-309 
in spinal lemniscus, 308 

Spinovisual reflexes, afferent in­
formation for, 307,  3 1 5  

Spiral ganglion, of cochlea, 368,  
37 1 ,  372 

Splanchnic nerves, 4 1 0  
greater, 4 1 0, 422,  423 ,  424 
lesser, 4 1 0, 422 
lowest, 4 1 0 

thoracic, 423  
pelvic, 4 1 2 ,  423 ,  424 

Spleen, 3 76 
Splenic flexure, 42 1 
Splenium, of corpus callosum, 1 4 ,  

19, 2 36, 239, 24 1 ,  244, 
245, 247,  2 7 7  

Spondylosis, cervical, 484 
Srapedium, nerve to, 369 
Stapedius muscle, facial nerve ro, 

368 
Stellare cells 

in cerebellar cortex, 47 ,  1 93 ,  
194,  197 ,  345 

in cerebral cortex, 257,  258 
Srereognosis, resting of, 1 3 3  
Sternocleidomasroid muscle, acces­

sory nerve ro, 1 5 3 ,  3 7 5 ,  
378 

Stomach, 4 1 1  
autonomic innervation of, 42 1 -

423 
Srrabismus, internal, in abducent 

nerve paralysis, 383 
Straight sinus, 1 0, 43  5 ,  436, 43  7,  

438, 439, 440, 454 
bleeding from, in infants, 38 

Stratum zonale, of thalamus, 225 ,  
226 ,  389 
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Srria(e) 
of Gennari, 260 
longirudinal 

lareral, 2 7 5 ,  276, 279 
medial, 245 ,  2 7 5 ,  276, 2 79 

medullaris, 1 83 ,  3 9 1  
o f  fourth ventricle, 1 5 , l 7 ,  

1 70, 205 , 207, 208 
thalami, 2 2 1 ,  222 ,  228, 248, 

276 
olfactory 

lateral, 223 ,  3 54 ,  3 5 5  
medial, 223 ,  3 54 ,  3 5 5  

rerminalis, 1 7, 242, 243,  3 9 1  
in  limbic system, 2 7 5 ,  2 76-

2 7 7  
Striate arteries 

lareral, 4 5 3 
medial, 453  

Srriare cortex, 260 
Srriare veins, 4 5 5 
Stroke, 468, 504-505 
Srupor, 270 
Sryloglossus muscle, 3 7 5 ,  3 80 
Srylohyoid muscle, 368, 369 
Sryloid process, of temporal bone, 

459 
Srylopharyngeus muscle, 3 70,  3 74 
Subarachnoid cisterns, 288,  443 
Subarachnoid space, 2 ,  1 5 1 , 1 60, 

284, 437 , 44 1 , 443 , 445 
adhesions in ,  2 1 1 , 489 

in  meningitis, 2 1 1  
cerebral artery in, 10 ,  436 
ar cerebral hemisphere, 290 
cerebral vein in, 1 0, 436 
cerebrospinal fl1,1id in, 6, 1 60, 

284, 288, 293, 294, 302,  
443 , 444 , 445 

around cerebral cortex, 292 
around spinal cord, 292 

connective tissue network in, 302 
extensions of, 292, 295 

cerebrospinal fluid in, 294 
perivascular, 302 

hemorrhage into, 38 ,  4 1 ,  44 5 ,  
446, 466, 473  

inferior end of, 284 
lareral prolongation of, 284 
lower limit of, 6, 7 ,  284 
ar optic nerve, 444 
radiography of, 1 63- 1 65 ,  1 67 
radiopaque material in, 1 63- 1 65 
in ventricular system, 288-290 

Subclavian artery, 450 

Subclavius muscle, nerve to, 1 00 
Subdural space, 443 

hematoma in, 447, 503, 5 06 
hemorrhage into, 36, 3 7, 38 ,  4 1 ,  

2 19 , 445-446, 473 , 489 
Sublingual salivary gland, 4 1 1  

autonomic innervation of, 4 1 8, 
4 1 9  

facial nerve to, 368 
Submandibular ganglia, 4 1 2 ,  4 1 8  
Submandibular salivary gland, 4 1 1  

autonomic innervation of, 4 1 8, 
4 1 9  

facial nerve to, 368 
Submucosal plexus, 422 
Subscapular nerve 

lower, 1 00 
upper, 100 

Substance 
Niss!, 44, 48, 5 2 ,  5 3 ,  105  
perforated. See Perforated sub­

stance 
Subsrantia 

ferruginea, 1 8 1 ,  1 83 ,  205,  207 
gelarinosa, 1 53 ,  1 54, 1 5 5 ,  1 56, 

1 67 ,  1 72 ,  1 77 ,  307, 308, 
364, 485 

nigra, 14,  18, 2 1 3 ,  2 1 5 , 2 16, 
2 1 7 , 239, 24 1 , 3 6 1 ,  363,  
390, 394 

in Parkinson's disease, 3 3 8  
Subsynapric web, 66 
Subrhalamus, 2 2 1 ,  226 

clinical notes on, 2 3 1  
lesions of, 2 3 1 
nuclei of, 226 

Succinylcholine, 1 34,  482 
Sudomotor control, neurormesis 

affecting, 1 09 
Sulcus. See also Fissures 

basilar, of pons, 1 8 1 ,  1 82 ,  1 84, 
1 86 

calcarine, 14 ,  233 ,  236,  2 3 7 ,  2 38,  
239, 24 1 , 242, 260 

callosal, 2 3 6 
central, 1 4, 1 9, 20, 233 ,  234,  

2 3 5 , 236, 237 , 238, 2 56, 
29 1 , 392, 452 

of cerebral hemispheres, 233-
23  7 

cingulare, 14 ,  236, 238 
collateral, 236,  237 ,  2 3 8, 239, 

24 1 , 242 , 277 , 2 78, 289 
fronral, 234, 2 3 5 , 238 
hippocampal, 278 

Sulcus-C ontinued 
hypothalamic, 2 2 1 ,  224,  228,  

286 
lareral. See Lateral sulcus, cerebral 
limirans, 1 5, 1 7, 1 69, 1 7 1 ,  1 8 1 ,  

183 , 205 , 207 , 208, 39 1 ,  
399 

subsrantia ferruginea of, 1 8 1 ,  
1 8 3 , 205  

median. See Median sulcus 
occipitoremporal, 236,  23 7, 238 ,  

239 
olfactory, 237,  239 
parietal, 234, 2 3 5 ,  238 
parieto-occipiral, 1 3 ,  14,  20, 2 3 3 ,  

234, 2 3 5 , 236, 2 38, 2 39,  
452  

posrcentral, 2 34, 235 ,  2 3 8  
precenrral, 2 34,  23  5 ,  2 3 8  
rhinal, 2 3 7  
temporal, 2 3 5 ,  238 ,  24 1 

Sulfonamides, ar blood-brain bar­
rier, 303 

Superior colliculus. See Colliculus, 
superior 

Supporting cell, 3 5 5 
Supraopric nucleus, hypothalamic, 

228, 229, 397 
in hormone synthesis, 402 
as osmoreceptor, 402 

Suprarenal gland, 4 1 1 ,  423  
autonomic innervation of, 423 ,  

424 
medulla of, 4 10, 424 

Suprascapular nerve, 1 00 
Supraspinous ligament, 30,  34 
Surural ligaments, 4 3 5 ,  4 3 7  
Sutures o f  skull 

coronal, 2 5 5 ,  4 6 1  
lambdoid, 2 5 3 ,  2 5 5 ,  463 
sagirral, 10, 2 53 ,  436,  463 

Swear glands, 4 1 5  
Sylvian aqueduct. See Cerebral 

aqueduct 
Symparhectomy, in  arterial disease, 

430 
Sympathetic nervous system or 

trunk, 1 ,  4 ,  369, 409-4 1 0, 
4 16, 432 ,  5 0 1  

activities of, 1 
afferent fibers of, 4 1 0  
i n  anal canal sphincter innerva­

tion, 424 
cervical part of, 438 

cardiac branches of, 420 ,  42 1 



Sympathetic nervous system or 
trunk-Continued 

compared to parasympathetic 
system, 4 1 7-4 1 8  

connector neuron in, 4 1 0  
efferent fibers of, 409-4 1 0, 4 1 1 , 

4 1 5  
ganglion of, 4 ,  2 5 ,  99, 409, 4 1 0, 

4 1 4  
cervical, 3 59, 420, 42 1 
longitudinal section of, 99 

in gastrointestinal innervation, 
422, 423 

in heart innervation, 420-42 1 
in kidney innervation, 423  
in  lung innervation, 42 1 
postganglionic fibers in, 4 1 0, 

4 1 1  
preganglionic fibers in, 1 53 ,  1 54, 

1 56, 409-4 1 0, 4 1 1  
in reproductive tract innervation, 

42 5-426 
in suprarenal gland innervation, 

423, 424 
thoracic part of, cardiac branches 

of, 420, 42 1 
in urinary bladder innervation, 

424, 42 5, 429 
Sympathetic plexus, carotid, 3 59, 

369, 44 1 , 442 
Sympathetic receptors, 1 3  5 
Synapses, 6 1 -67, 70, 476 

acetylcholine release in,  409, 
4 1 3 , 4 14, 4 1 5  

axoaxonic, 6 1 ,  64 
axodendritic, 6 1 ,  62, 63, 64, 65 

with dendritic spine, 64 
axosomatic, 6 1 ,  64 
blocking agents affecting, 68-69, 

70. See also Blocking 
agents 

cleft of, 65-66, 70, 476 
at motor end-plate, 1 36, 4 8 1  
a t  skeletal neuromuscular 

j unction, 1 2 7 , 1 28 
basement membrane in, 1 2 7, 

1 2 8  
neurotransmitters i n .  See Neuro-

transmitters 
postsynaptic membrane, 65-66 
presynaptic membrane, 65-66 
presynaptic vesicles, 63, 65 ,  66, 

70, 1 30, 476 
spine of, 65 ,  70, 476 
subsynaptic web, 66 

Synapses-Continued 
transmission across, 66 
ultrastructure of, 65-66 

Synaptic glomeruli, of olfactory 
bulb, 3 54, 3 5 5  

Synovial joints, 3 0  
Syphilis 

spinal cord lesion in, 3 1 8  
rabes dorsalis from, 3 1  7 

Syringomyelia, 1 3 5 , 3 1 8, 387,  428, 
480, 494-495, 499 

motor system in, 339 
sensory losses in ,  3 1 8  

Tabes dorsalis, 1 36, 148, 480, 483,  
495 

signs and symptoms of, 3 1 7-3 1 8  
Tactile cell, o f  Merkel's discs, 1 1 5 ,  

1 1 6 
Tactile discrimination 

loss of, in Brown-Sequard syn­
drome, 338 

two-point, 1 1 7, 1 3 3  
Tail, o f  caudate nucleus, 2 2 ,  23 ,  

240, 242, 243, 278 
Tangential fibers, of cerebral cor­

tex, 2 59-260 
Tapetum, of corpus callosum, 19, 

24 1 , 242, 244 
Taste area, of cerebral cortex, 

266 
Taste buds, atrophy after sensory 

nerve injury, 1 09 
Taste fibers, 369 
Tectobulbar fibers, 3 6 1 ,  363, 366 
Tectocerebellar fibers, 1 96 
Tectonuclear tracts, 360 
Tectospinal tract, 1 58, 1 59, 1 75 ,  

1 76, 1 78,  323 ,  325 ,  327,  
360, 400 

fibers of, 1 44, 332  
functions of, 3 2 1  

Tectum, of midbrain, 14, 1 7, 1 8, 
2 1 3 , 2 1 5 , 3 9 1  

cerebellar afferent fibers from, 
348 

Tegmentum 
of cerebral peduncle, 14 ,  1 8, 

2 1 3, 2 1 5 , 230 
fibers of, 40 1 ,  402 
of pons, 1 8 1  

Tela choroidea, 2 5 0  
blood supply of, 2 5 0, 283 
of fourth ventricle, 205, 208 
highly vascular, 287 

Tela choroidea-Continued 
pia mater of, 289, 444 

5 5 3  

o f  third ventricle, 2 2 1 ,  228, 230 
Telencephalon, 2 2 1  
Temperature of body 

hyperthermia, 406 
hypothalamic regulation of, 405, 

406 
lesions affecting, 406 

hypothermia, 406 
irregular pyrexia in hypothalamic 

dysfunction, 2 3 1  
Temperature sensations, 307, 308 

examination of, 1 3  3 
histological structures related to, 

1 32 
loss of 

in Brown-Sequard syndrome, 
3 3 8  

in syringomyelia, 3 1 8  
pathways for, 305-309 
spinothalamic tract in,  305-309 

Temperopontine fibers, 1 8, 2 1 ,  23 ,  
2 1 5 , 2 1 6, 2 1 7 , 247 

Temporal artery 
posterior, 457 ,  459, 461 ,  463 
superficial, 4 5 7,  4 59 

Temporal bone, 1 1  
carotid canal of, 4 50, 459 
mastoid process of, 4 59  
petrous part of, 2 5 3 ,  2 5 5 ,  4 5 9  

facial nerve branches in, 369 
styloid process of, 4 59  

Temporal gyrus 
inferior, 1 3 , 2 3 5 ,  239, 4 5 2  
middle, 1 3 , 2 3 5  
superior, 1 3, 2 3 5  

auditory cortex of, 3 72 
Temporal lobe, 1 1 , 1 2 , 20, 233 ,  

2 3 5 , 24 1 ,  245, 248, 2 76, 
3 5 5 , 44 1 , 4 5 3  

cortex of, 2 2 2 ,  266 
dysfunction of, 280 
in epilepsy, 280, 493 
gyri of, 2 3 5 ,  2 4 1  
hippocampus of, 22 1 
sulcus of, 2 3 5 ,  24 1 

middle, 2 3 5 ,  2 3 8  
superior, 2 3 5 ,  2 3 8  

Temporal nerve, 369 
Temporal poles, cerebral, 20, 2 3  7,  

243, 452 , 4 54 
Temporopontine fibers, 1 8, 2 1 , 

2 1 5 , 2 1 6, 2 1 7, 247 
Tendo calcaneus, 1 4 0  



5 54 Index 

Tendon 
Achilles, reflex of, 140 
biceps brachii, reflex of, 1 39, 1 40 
brachioradialis, reflex of, 1 39 
extrafusal fibers of, 1 2  5 
intrafusal fibers of, 1 2  5 
patellar, reflex of, 1 40 
spindles of. See Neurotendinous 

spindles 
triceps brachii, reflex of, 1 39 

Tensor tympani muscle, 365 
Tensor veli palatini muscle, 365 
Tentorium cerebelli, 9 ,  10, 2 3 3 ,  

284, 4 3 5 , 436, 4 3 7 , 438,  
439, 444 

junction with falx cerebri, 43 7 
notch of, 435 ,  439 
superior view of, 439 

Terminal ventricles, 1 5  7 ,  283 ,  284,  
288 

Tests and signs 
in cerebellar dysfunction, 200-

2 0 1  
in corticospinal tract lesions, 3 3 5 
in cranial nerve examination, 

3 8 1 -385 
for form appreciation, 1 3 3  
for light touch, 1 32- 1 3  3 
for muscular activity, 1 46- 1 4 7 ,  

148 
for pain threshold, 1 3 3  
for passive movement o f  joints, 

1 3 3  
for posture sensibility, 1 3 3 ,  1 36 
for pressure pain, 1 3 3  
Queckenstedt sign, 3 3 ,  1 63 ,  1 66, 

485 
Romberg test, 1 48 
for sensory modalities, 1 32- 1 33 ,  

1 3 5 ,  1 36 
in spinal cord compression, 

1 62- 1 63 
for tactile discrimination, two-

point, 1 33 
temperature testing, 1 3  3 
Tinel's sign, 1 1 0 
for touch localization, 1 3  3 
for vibratory sense, 1 3 3 ,  1 36 

Tetanus toxin, 1 1 2 ,  479 
route for ascent of, 1 1 1 , 1 1 2 

Tetracyclines, at blood-brain bar­
rier, 303 

Tetraethylammonium salts, 69, 
4 1 3, 476 

Thalamic hand, 2 30-2 3 1 ,  395 

Thalamocortical projections, 392 
to frontal lobe, 247 
to parietal lobe, 247 

Thalamohypothalamic fibers, 40 1 ,  
402 

Thalamostriate vein, 242, 243,  4 5 5  
Thalamus, 14 ,  1 7, 18 ,  22 ,  23 ,  143 ,  

198, 22 1 -226, 240, 243,  
246, 247, 285 , 289, 306,  
322,  326, 349, 364, 367,  
373 , 375 ,  394, 40 1 , 402, 
403 

afferent fibers of, 394 
anterior part of, 389 

transverse section through, 
225 

arteries of, 455 
clinical notes on, 230-2 3 1 ,  395 
connections of, 389-395 
coronal section showing, 390 
dentothalamic tract, 1 98,  348-

3 5 0  
efferent fibers of, 394 
epithalamus, 226-227,  23 1 
forming lateral wall of third ven-

tricle, 228 
functions of, 230,  393-395 
input from cerebellum, 394 
interthalamic connection, 1 4, 

222, 224, 225 , 285 , 286, 
389, 392 , 401  

lateral geniculate body in ,  393  
lateral part of, 24 1 ,  389 
lesions of, 230-2 3 1 ,  395 

involuntary movements in, 230 
sensory loss in, 230, 395 
thalamic hand with, 230-2 3 1 ,  

395 
medial geniculate body in, 393 
medial part of, 2 4 1 ,  389 
medullary lamina of 

external, 225 ,  226, 389, 390 
internal, 2 2 5 ,  226, 389, 390, 

392 
medullary stria of, 22 1 ,  222,  

228,  248,  2 76 
nuclei of, 225 ,  226,  389-393 

anterior, 225 ,  2 7 5 ,  276, 389, 
392 

dorsal tier of, 389 
dorsomedial, 389, 390, 392 
intralaminar, 390-392, 393 
lateral dorsal, 225,  389,  390, 

392 
lateral posterior, 389, 392 

Thalamus, nuclei of-Continued 
midline, 392,  393 
posteromedial, 362 
reticular, 392, 393 
ventral tier of, 389-390 

anterior, 22  5, 3 89-390, 392 
lateral, 22 5, 348 
posterior, 390 
posterolateral, 2 2 5 ,  308, 

3 1 1 , 390, 392 
posteromedial, 22  5 ,  390, 392 

position in  cerebrum, 22  5 
posterior view of brainstem 

showing, 3 9 1  
pulvinar of, 1 7 ,  1 8, 2 14 ,  2 2 1 ,  

222 , 2 2 5 ,  3 5 7 , 389, 39 1 ,  
392 

spinothalamic tract. See 
Spinothalamic tract 

stratum zonale of, 2 2 5 ,  226, 3 89 
subdivisions of, 224-226, 389-

395 
subthalamus, 226,  2 3 1  
syndrome of, 2 30,  395  
thalamoconical projections, 392 

Thiopentone, at  blood-brain bar­
rier, 303 

Third-order neurons, 305 
of ascending pathway, 3 5 3  
o f  descending pathway, 3 2 1 ,  322 ,  

353  
Third ventricle, 1 7 ,  22 ,  24, 228-

2 30, 240, 24 1 , 283 , 284,  
285 , 390, 39 1 , 40 1 , 44 1 

anterior wall of, 228 
ca  i cy  of, 1 4 ,  222 ,  224,  225 ,  286, 

287 , 2 89 
coronal section of, 2 89 
ependymal cells of, 83  

choroid plexus of, 22 1 ,  224 ,  230,  
2 50, 283 , 284, 286, 289 

cerebrospinal fluid formation 
in, 292 

coronal section of, 287,  2 89 
exposed from above, 24,  222 
floor of, 230 
i nferior wall of, 230 
lateral wall of, 228 
optic recess of, 227  
posterior wall of, 228 
roof of, 22 1 ,  228-230 
superior wall of, 228-230 
tela choroidea of, 22 1 ,  228,  230 

Thirst center, hypothalamic, 405 ,  
406, 407 



Thoracic ourflow, 4 1  7 
Thoracic spinal cord, 3 ,  7, 27 ,  1 52 ,  

1 53 ,  1 66, 4 2 2 ,  423 ,  485 
cross-secrion of, 2 5 
injuries of, 29 
nerve rracrs in, 88 

ascending, 88 
descending, 88 

second segmenr of, rransverse 
secrion of, 1 54 

rransverse secrion of, 7, 2 6, 98, 
l 5 3 ,  1 54 

Thoracic spinal nerves, 23 ,  2 5 
area of skin innervared by, 1 39, 

1 40 
eighrh, 1 39, 1 40, 422 
elevenrh, 422,  424 
fifrh, 422 
firsr, 7 ,  27 ,  1 00, 1 39, 140 
fourrh, 1 39, L40, 42 1 
long, 1 00 
ninrh, 422 
second, 1 39, 140, 42 1 
sixrh, 1 39,  1 40, 422 
renrh, 1 39, 140, 422 
rhird, 42 1 
rwelfrh, 7, 27 ,  1 39, 140, 424 

Thoracic verrebrae and verrebral 
column, 496 

arricular process of 
inferior, 30 
joinr berween, 30 
superior, 30 

bodies of, joinrs berween, 30 
carcinomarous deposir in, 40 
carrilaginous j oinr in, 30  
fifrh, collapse of, 40 ,  4 72 
firsr, 2 7  
joinrs i n ,  3 0  
ninrh, fracrure of, 496 
relarionship ro spinal segmenrs, 

3 1  
synovial joinr in, 30 
renrh, 28  
rhird, 1 65 
rwelfrh, 2 7  

Thoracodorsal nerve, 1 00 
Thrombosis 

of posrerior inferior cerebellar 
arrery, 1 80, 486 

of righr posrerior cerebral arrery, 
490 

Thyrocervical rrunk, 4 5 0  
Thyrohyoid muscle, 3 8 0  
Thyroid arrery, superior, 45  7 

Thyroid carrilage, 4 50 
Thyroid gland, carcinoma of, 40, 

47 1 
Thyroid-srimularing hormone, 403, 

404 
Thyrorropic hormone, 403 
Tic, 1 4 7  
Tighr juncrion, 83 ,  2 9 1  

in cerebrospinal fluid-brain 
inrerface, 302, 303 

berween choroidal epirhelial 
cells, 3 0 1  

a r  endorhelial cells, 300, 3 0  l 
Tinel's sign, 1 1 0 
Tissues 

in cenrral nervous sysrem, 70, 
475 

connecrive. See Connecrive rissue 
of neck, sofr, 1 65 
in peripheral nervous sysrem, 70, 

475 
Tomography, computerized axial, 

for srudies of venrricles, 
296 

Tone of muscles, 1 4 1 - 142,  1 46, 
147 ,  148,  334,  3 3 5 ,  483 

abnormal, 3 36-337 
Tongue 

anrerior rwo-rhirds of, 268 
posrerior rhird of, 3 74 

Tonic spasm, 147 
Tonsil, cerebellar, 1 6, 190, 1 9 1 ,  

1 92, 206, 209, 344 
herniarion rhrough foramen 

magnum, 1 78 
Tonsillar nerve, 3 74 
Touch sense, 307 

discriminarive, 3 1 1  
parhway for, 307, 309, 3 1 1 , 

3 1 2  
hisrological srrucrures relared ro, 

1 3 2  
lighr, 307, 309, 3 1 0 

examinarion of, 1 32 - 1 3 3  
parhways for, 307, 309, 3 1 0  

localizarion of, 7, 1 3  3 
loss of, in Brown-Sequard syn­

drome, 338 
resring of  rwo-poinr discrimina­

rion, 1 3 3  
Toxoplasma gondii, 474 
Trabeculae, fine, of connecrive ris­

sue, 290 
Traces, nerve. See specific tracts under 

Nerve(s) 

5 5 5  

Tracrus solirarius, nucleus of, 1 75 ,  
1 76, 1 7 7 ,  373 , 400, 427 ,  
428 

of facial nerve, 2 1 0, 367 
of glossopharyngeal nerve, 3 72, 

373  
of vagus nerve, 373 ,  3 7 5  

Transneuronal degenerarion, 1 1 2 ,  
478 

anrerograde, 1 08 
rerrograde, 1 08 

Transplanrarion of nerves, 1 1 0 
Transverse fibers 

of corpus callosum, 24 5 
of pons, 1 2 , 1 82 ,  1 84,  1 8 5 ,  1 86, 

196, 1 98,  2 1 0, 3 2 3 ,  343 
forming middle cerebellar 

peduncle, 1 96 
ponrocerebellar, 323  

Transverse process, of  verrebrae, 4 ,  
9, 1 65 ,  450, 463 

Transverse sinus, 9, 435 ,  44 1 ,  454 
lefr, 437 ,  439 
righr, 4 38,  439 

Trapezius muscle, 1 5 3 ,  3 7 5 ,  3 78,  
386, 498 

Trapezoid body, 1 8 1 ,  1 84,  1 85 ,  
1 86 

posrerior nucleus of, 3 70, 3 7 1  
Trauma 

of cauda equina, 432 ,  5 0 1  
cerebrospinal fluid as prorecrion 

from, 296, 493 
fracrures in. See Fracrure 
of fronral lobe, 2 72-273,  492 
of head, 4 1 , 446, 447, 466, 472,  

502 
and blood-brain barrier, 303 
cerebellar, direcr, 3 7 
cerebral, 272 
clinical nores on, 3 3 ,  3 5-36, 

3 7 , 38  
clinical problems on ,  4 1 -4 2 

answers ro, 4 72,  4 7 3 
conrrecoup injury in, 36  
direcr, 3 7 
due ro negarive pressure, 36, 

37 
and inrracranial hemorrhage, 

44 5-446 
mechanisms of, 3 7 
ro midbrain, 2 1 8-2 1 9  
movemenrs o f  brain in, 4 1 ,  

445 , 473  
secondary, 3 7 
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Trauma-Continued 
of nerves, 67-68, 70, 76, 84 

axonal reacrion in, 68 
in cenrral nervous sysrem, 1 08 
efferenr (moror) fibers, 1 08-

1 09,  1 34 ,  1 36 
peripheral nerves, 1 09 

clinical principles of, 1 1 0 
clinical problems on, 1 1 1 -

1 1 3 
answers ro, 4 77-480 

and reacrion ro neuronal in-
jury, 67-68, 84, 1 03- 1 08 

recovery from, 1 05 - 1 08 
regenerarion afrer, 1 04, 1 07 
sciaric nerve, regenerarion 

afrer, 1 0 7  
sensory nerves, 1 09 
spinal nerve roars, 1 62 
spinal nerves, 29, 3 1  

clinical nores on, 29, 3 1 ,  32  
of spinru cord, 29, 40, 3 1 9, 340, 

429-430, 4 7 1 -472, 494, 
496 

in ascending rracrs, 3 1 6-3 1 7  
bladder in, 39 

of visual parhway, visual field 
defecrs in, 3 8 1 ,  382, 387,  
499 

Tremor, 147 ,  3 36, 340, 497 
in  cerebellar dysfuncrion, 200 
inrenrion, 1 87 ,  3 4 1 ,  497 

Triangle 
hypoglossal, 1 5 , 1 7 , 1 70, 208, 

2 1 0 ,  3 9 1  
vagal, 1 5 ,  1 7 ,  1 70, 208, 2 1 0, 3 9 1  

Triceps brachii muscle, innervarion 
of, 1 39,  146 

Trigeminal ganglion, 1 7 7 ,  294, 360, 
362, 364, 365, 439 

Trigeminal Iemniscus, 2 1 5 ,  2 1 6, 
2 1 7 , 362, 364 , 394 

Trigeminal nerve, 9, 10, 197 ,  2 14 ,  
223 ,  362-365 , 436 

cerebrospinru fluid around, 294 
clinical examinarion of, 383 
disrriburion of, 365 
ro dura marer of brain, 438 
emerging from pons, 1 8 1  
ganglion of, 1 77 ,  294, 360, 362,  

364, 365 , 439 
mandibular division of, 1 77 ,  364, 

365 , 439, 44 1 
maxillary division of, 1 77 ,  364, 

365 , 420, 439, 44 1 , 442 

Trigeminal nerve-Continued 
moror componenr of, 365 
neuralgia of, 13 6, 480 
nuclei of, 364 

in brains rem, 1 77, 364 
cenrral connecrions of, 364 
in medulla oblongara, 1 73 ,  

1 74, 1 75 ,  1 76, 1 78, 1 79 
mesencephalic, 1 77, 1 86, 2 1 5 , 

2 1 6, 362, 363, 364 
moror, 98, 1 84, 1 8 5 ,  362, 364 
in pons, 1 84, 1 85 ,  1 86, 1 87,  

364 
sensory, 98, 1 77 ,  1 84-1 86, 

187 ,  360, 362 , 364, 394 
spinal, 1 72 ,  1 73,  1 74, 1 75 ,  

1 76, 1 78 ,  1 79, 362, 364, 
372, 373 , 3 7 5 , 394, 398, 
400 

ophrhalmic division of, 1 7 7 ,  360, 
364, 365 , 44 1 , 442 

roars of, 1 7 0  
moror, 1 2 , 98, 1 8 1 ,  1 82 ,  1 85 ,  

2 14  
sensory, 1 2 ,  98 ,  1 77,  1 8 1 ,  1 82,  

1 8 5 , 2 14, 364 
sensory components of, 362 
spinal rracr of, 1 72 ,  1 73 ,  1 74,  

1 7 5 ,  1 76, 1 78, 1 79, 398, 
400 

Trochiear nerve, 9, 1 0, 1 2, 1 5 ,  1 7 ,  
183 ,  1 97,  2 1 3 ,  2 14, 2 1 5 , 
223, 362,  363, 39 1 , 436, 
439, 44 1 , 442 

clinical examinarion of, 3 8 1 ,  383  
decussarion of, 1 86, 362 
disrriburion of, 363 
lesions of, 498 
nucleus of, 18 ,  1 77 ,  2 1 3 , 2 1 5 , 

2 1 6, 362 , 363, 370 
cenrral connecrions of, 363 

Trunk 
of body 

corricospinal fibers of, 247 
muscles of, 143 ,  1 53 ,  1 54, 

1 5 5  
symparheric. See Symparheric 

nervous sysrem or rrunk 
vagal, 4 2 1 -422 

Tube(s) 
endoneurial, 1 07 
neural, 1 69, 1 7 1 ,  399 

Tuber 
of cerebellar vermis, 1 6, 1 90, 

1 9 1 ,  1 92, 206, 344 

Tuber-Continued 
cinereum, 1 2, 1 4, 1 8, 2 14,  2 2 1 ,  

223 , 239 
medial eminence of, 2 2 7-228 

Tubercle 
cuneare, 5 ,  1 5 ,  1 7 , 1 69, 1 70, 

208, 209, 3 9 1  
gracile, 5 ,  9 ,  1 5 , 1 7, 1 69, 1 70, 

208, 209, 39 1 
Tuberomammillary nucleus, 

hyporhalamic, 228,  229, 
397 , 4 0 1  

D-Tubocurarine, 1 33 ,  4 8 1 -482 
Tufred cells, of olfacrory bulb, 3 54, 

3 5 5  
Tumors 

bronchogenic, 387 ,  499 
cerebellar, 200-2 0 1 ,  202 

clinical problems on, 1 49 
answers ro, 487, 488-489 

medulloblasroma in vermis 
syndrome, 2 0 1  

cerebral, 2 7 1-273 ,  2 8 1 ,  296, 
493 

in cervical region of spinal cord, 
148, 483 

of cranial fossa, posrerior, 1 78 
of descending rracrs, 3 3 5-339 
of fourrh venrricle, 2 1 1 

ependymomas, 2 1 1  
of yporhaiamus, 23 1 ,  406 
inrracranial, 38, 4 1 ,  1 80 

clinical problems on, 4 1  
answers ro, 4 7 3  

o f  lower moror neurons, faciru 
expression in, 3 84 

of medulla oblongara, 1 80, 486 
of midbrain, 2 1 8, 2 1 9, 220,  

490 
blocking cerebrru aqueducr, 

2 1 8, 2 19 
nerve, regenerarion afrer, 1 04 
of neuroglia, 84 

asrrocyroma, 84 
glioblasroma, 84 
glioma, 84 
medulloblasrorila, 84 

of neurons, 68, 7 1  
ganglioneuroma, 68 
neuroblasroma, 68 
pheochromocyroma, 68 

pain relief in  rerminal carcinoma, 
3 19, 495 

of peripherru nerves, 1 1 0, 1 1 3 ,  
479 



Tumors, of peripheral nerves­
Continued 

axon regeneration after, 1 05 ,  
1 06- 1 08 

benign fibroma, 1 1 0 
malignant sarcoma, 1 1 0 
neurolemmoma, 1 1 0 

pineal, 2 3 1  
pimirary chromophobe adenoma, 

23 1 
of pons, 1 8 7 ,  1 88, 486-487 

asrrocytoma, 1 87 
of spinal cord, 1 62- 1 6 3  
o f  spinal nerve roots, 1 62 
of subrhalamus, 2 3 1  
of thalamus, 2 3 0-23 1 ,  395  
of  thyroid gland , 40 ,  4 7 1  
of upper motor neurons, facial 

expression in, 384 
of vertebral body, thoracic, 40 
in vertebral canal, clinical prob­

lems on, 1 4 8  
answers to, 4 8 3  

o f  visual pathway, visual field 
defecrs wirh, 3 8 1 ,  382 ,  
387, 499 

Two-point racrile discrimination, 
1 1 7 ,  1 33 

resting of, 1 3 3  
Tympanic membrane, censor mus­

cle of, 365 
Tympanic nerve, 369,  3 7 2 ,  3 74 , 

4 1 8, 420 
Tympanic plexus, 369, 3 7 2 ,  3 74,420 

Ulnar nerve, 3 ,  1 00 
Uncinare fasciculus, 248 
Unconscious sensory pathways, 

3 1 2-3 1 4, 3 1 6 
Uncus, 223 ,  2 36,  2 3 7 ,  2 39,  2 7 5 ,  

276, 2 7 7 ,  3 5 5  
herniated, 2 1 9 ,  489 

Unipolar neurons, 43, 4 5  
Unmyelinared fibers. See Non­

myelinared nerve fibers 
Upper limb 

arteries of, autonomic innerva­
tion of, 426, 427  

corticospinal fibers of, 24 7 
medial curaneous nerve of arm, 

1 00 
muscles of, 1 00, 1 5 3 ,  1 54 

inne rvarion of, 1 5  3 ,  1 54 
Upper motor neurons, 4 7 ,  32 1 ,  

339,  384, 495 

Urinary bladder, 4 1 1 ,  424-425 ,  
432,  50 1  

atonic, 429 
autonomic innervation of, 424-

42 5 ,  432 
parasymparheric, 429 
symparheric, 429 

autonomic reflex of, 429 
sensory nerve fibers to, 429 
after spinal cord injuries, 39, 429 

Urricle, 370, 372 
vestibular nerve fibers from, 368 

Uvula, of cerebellum, 1 6, 1 89, 1 90, 
1 9 1 ,  1 92,  206, 344 

Uvulonodular fissure, of cerebel­
lum, 1 89, 1 92 

Vagal triangle, 1 5 ,  1 7 ,  1 70, 208, 
2 1 0, 3 9 1  

Vagal trunks 
anterior, 42 1 -422 
posterior, 42 1 -422 

Vagus nerve, 9, 10 ,  1 7 1 ,  1 7 5 ,  
372-374,  3 7 5 ,  3 7 8 ,  387,  
399, 400, 420, 42 1 , 422,  
423 , 436, 499 

cardiac branches of, 3 76 
clinical examination of, 385  
disrriburion of, 3 7 6 
to dura macer of brain, 438 
left, 3 76 
in  medulla oblongara, 175 ,  1 78, 

1 79 
nuclei of, 2 1 0, 2 1 1 ,  3 7 5 ,  387,  

4 1 2 , 499 
ambiguus, 1 77 
central connections of, 3 7 5  
motor, 1 7 5 ,  1 76, 1 77 ,  1 79, 

372 , 3 7 3 ,  3 7 5 , 400, 420, 
42 1 , 422, 423 

parasymparheric, 3 73 ,  3 75 
sensory, 3 73-374 
of rracms solirarius, 3 73 ,  3 75  

righr, 376 
celiac branch of, 3 76 

roors of, 12, 1 70, 1 82 
sensory, 1 7 1 ,  399 

sensory ganglion of 
inferior, 373 ,  375 ,  3 76 
superior, 3 7 5 ,  3 76 

Vallecula, of cerebellum, 1 89 
Vas deferens, autonomic innerva­

tion of, 42 5 ,  426 
Vasoconsrricrion, from vasopressin, 

402 

5 5 7  

Vasodilaror center, o f  brains rem, 
4 1 2  

Vasomotor control, neurormesis 
affecting, 1 09, 1 1 0 

Vasopressin, 402 
Vasopressor center, of brainsrem, 4 1 2  
Vein(s) 

basivertebral, 4 
of brain, 4 5 5 
of cerebellum, 4 5 5  
cerebral, 1 0, 1 4 ,  36, 3 7 ,  3 8 ,  2 50, 

436, 439, 440-44 1 , 442-
443, 445 , 454 , 4 5 5  

diploic, 1 0, 436,  439,  44 1 
emissary, 10 ,  436,  439 
of  medulla oblongara, 4 5 5 
of midbrain, 4 5 5  
of pons, 4 5 5  
radicular, 1 60 
of scalp, 10 ,  436 
spinal, 1 60 
of spinal cord, 1 60, 1 6 1  
rhalamosrriare, 242, 243,  4 5 5  
vertebral, 4 ,  3 0 ,  1 59 

Velocity, of nerve impulse conduc­
rion, 1 1 1  

Velum 
medullary 

inferior, 1 4 ,  1 6, 1 7 5 ,  1 90, 205 ,  
206, 208, 209, 2 1 1 , 344, 
400, 489 

superior, 14, 1 5, 1 6, 1 84,  1 85 ,  
1 86,  1 90, 205 , 206, 208,  
2 1 1 , 344, 362 , 489 

palarini, censor muscle of, 365  
Venous lacunae, 439 
Venous sinuses, 4 3 6  

dural, 438-443. See also Dural 
venous sinuses 

Ventral nuclei of thalamus, 2 2 5 ,  
2 2 8 ,  3 0 8 ,  3 1 0, 3 1 1 ,  348, 
389-390, 392,  397, 40 1 

Ventricular sysrem of central ner­
vous system, 283-290 

cavities of, views of, 24, 285  
central canal of spinal cord in. See 

Central canal of spinal cord 
cerebral aqueduct in. See Cere­

bral aqueduct 
cerebrospinal fluid in. See Cere-

brospinal fluid 
clinical investigation of, 296 
clinical nores on, 295-296 
clinical problems on, 296 

answers to, 493-494 
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Ventricular system of central ner­
vous system-Continued 

ependymal surface of, 283 ,  287,  
288, 289,  302 

fourth ventricle in. See Fourth 
ventricle 

interventricular foramen of 
Monro in, 14 ,  1 8, 2 1 , 24, 
224, 228, 236, 240, 246, 
2 5 5 , 283 , 284, 285 , 286, 
287, 292 

lateral ventricles in .  See Lateral 
ventricle 

medulla oblongata in. See Medulla 
oblongata 

subarachnoid space in. See Sub­
arachnoid space 

terminal ventricle in, 1 5 7 ,  283 ,  
284, 288 

third ventricle in. See Third ven­
tricle 

Ventriculography, 2 5 1 ,  296, 493 
Vermis, of cerebellum, 1 3 , 22, 1 89, 

1 92 ,  197 ,  208, 209, 222,  
240,  344 

culmen of, 1 6, 1 90,  1 9 1 ,  1 9 2 ,  
206, 344 

declive of, 1 6, 1 90, 1 9 1 ,  192 ,  
206, 344 

lingula of, 1 6, 1 90, 1 92 ,  206, 
208, 344 

median, 343 
nodule of, 1 5 ,  1 6, 1 90,  1 9 1 ,  1 92 ,  

206, 344 
pyramid of, 1 6, 2 1 ,  1 89, 1 90, 

1 9 1 ,  1 92 ,  206, 344 
superior aspect of, .1 9 1  
syndrome of, 2 0 1  
tuber of, 1 6, 1 90, 1 9 1 ,  1 92 ,  206, 

344 
Vertebrae and vertebral column, 

4 1 ,  473  
in adult, 6 
arch of, 32 ,  34, 3 5 ,  46 1 
articular process of, 30 
body of, 4 ,  30 ,  40, 165,  472 
canal of, 2 ,  1 5 1  
cervical. See Cervical vertebrae 

and vertebral column 
fetal, 6 
fracture of, 29, 340, 396 
intervertebral discs. See Inter-

vertebral disc 
joints in, 30, 1 65 
lumbar. See Lumbar vertebrae and ; 

vertebral column 

Vertebrae and vertebral 
column-Continued 

numerical relationship to spinal 
segments, 3 1 ,  3 3 

radiography of, in spinal cord 
compression, 163  

sacral, 6 ,  284, 443 
sagittal section of, 6 
spinal cord in, 34, 1 6 1  
thoracic. See Thoracic vertebrae 

and vertebral column 
transverse process of, 4, 9, 1 65 ,  

450, 463 
Vertebral arteries, 9, 438, 4 50-4 5 3  

arteriography of 
anteroposterior, 462-463 
lateral, 460-46 1  

branches of cranial portion of, 
45 1 -4 5 3  

in foramen magnum, 46 1 ,  463 
in foramen transversaria, 461 
left, 450, 45 1 
medullary artery branches of, 

453  
meningeal branches of, 4 5 1 , 461  
muscular branches of, 461  
origin and course of, 450 
in posterior cranial fossa, 463 
posterior inferior cerebellar ar-

tery branch of, 4 5 3 
right, 450 
spinal artery branches of, 4 6 1  

anterior, 4 5 1  
posterior, 4 5 1  

in  transverse process of cervical 
vertebra, 463 

Vertebral canal, 2, 1 5 1  
accessory nerve fibers in, 3 77  
tumor in ,  clinical problem on, 

1 48 
answer to, 483 

Vertebral veins, 44 1 
internal, 30 

Vertebral venous plexus, internal, 
4, 1 59 

Vertigo, in vestibular dysfunction, 
384 

Vesicle(s) 
hindbrain, 1 69 
presynaptic 

of axon, 63, 1 30 
of neurons, 66, 70 

Vestibular area, 1 5, 17 ,  1 70, 1 8 1 ,  
183 , 208, 266, 3 9 1  

Vestibular nerve, 1 98, 329, 347,  
368,  370, 3 7 1 ,  372 

Vestibular nerve-Continued 
cerebellar efferent fibers from, 

348 
clinical examination of, 384-385 
ganglion of, 368,  3 70, 372  
nuclei of, 143 ,  1 77 ,  1 84 ,  1 87 ,  

1 98, 3 4 7 ,  349, 368, 3 7 0  
central connections of, 3 7 0  
i nferior, 1 72 ,  1 7 5 ,  1 76, 1 79, 

368, 400 
lateral, 1 72 ,  1 7 5 ,  1 76, 3 2 5 ,  

329, 3 30, 3 50, 368, 3 70, 
400 

medial, 1 72 ,  1 7 5 ,  1 76, 1 79, 
1 8 1 ,  368, 400 

producing area vestibuli, 1 8 1  
superior, 1 76, 368 
vestibulospinal tract from, 325 ,  

330, 3 68, 370  
Vestibulocerebellar tract, 1 96 
Vestibulocochlear nerve, 9, 1 0 ,  1 2 ,  

1 70, 1 76, 1 8 1 ,  1 82 ,  1 97 ,  
368-370, 436 

clinical examination of, 384-385 
cochlear nerve, 368. See also 

Cochlear nerve 
distribution of, 3 72 
nuclei of, 1 72 ,  1 76, 1 86,  1 87 
vestibular nerve, 368.  See also 

V es ti bular nerve 
Vestibulospinal tract, 143 ,  1 44, 

1 58, 1 59, 1 72 ,  1 98 ,  323 ,  
325-329, 3 30, 3 3 2 ,  349, 
3 50, 368 

in anterior white column, 1 59, 
329 

functions of, 32 1 
from lateral vestibular nucleus, 

325 ,  3 30,  3 68, 370  
Vibratory sense, 1 36, 1 66, 307,  

309, 3 1 1 ,  3 1 2 , 48 1 , 484 
loss in  Brown-Sequard syn­

drome, 3 3 8  
pathways for, 3 0 7 ,  309, 3 1 1 , 3 1 2  
testing of, 1 33 ,  1 36 

Villi 
arachnoid, 1 60, 439,  443.  See also 

Arachnoid villi 
of choroid plexus, section of, 3 0 1  

Visceral afferent fibers, o f  hypo-
thalamus, 397,  402 

Visceral afferent nucleus, 1 56 
Visceral pain, 430-43 1 ,  432 ,  5 0 1  
Visceral sensory tracts, 3 1 4  
Visceroreceptors, 1 1 5  
Viscosity of blood, change in, 465 



Viscus, 26, 4 1 0  
Vision 

binocular, 3 5 7  
and blindness, 3 8 1 ,  382 
clinical problems on, 385-387 

answers to ,  497-499 
diplopia, 383 ,  385  
fields of, 356,  3 5  7 .  See also Visual 

fields 
hemianopia, 3 8 1 ,  382 
neurons involved in, 3 5 7 
optic pathway lesions affecting, 

38 1 ,  382 
pathway for, lesions of, 387 
reflexes of, 357-3 59, 426-42 7 

body, 3 59, 360 
resting of, 3 8 1  

Visual area, o f  cerebral correx, 3 56, 
357,  358, 382 

destruction of, 387 ,  499 
left, 3 56 
primary, 263,  265-266 

lesions of, 269 
right, 3 56 

lesions of, hemianopia from, 
382 

secondary, 263, 266, 493 
lesions of, 269 

Visual fields, 3 56, 3 5 7  
central scotoma i n ,  3 8 1  
defects of, 385-387 

left, 382 
in optic pathway lesions, 3 8 1 ,  

382 
right, 382 

frontal, 263,  264,  3 58 ,  492 
lesions of, 268 

occipital, 266 
resting of, 3 8 1  

Visual reflexes, 3 5 7-3 59, 426-42 7 
body, 3 59, 360 

Voluntary movement, 3 3 5  
Voluntary muscle 

atrophy after nerve degeneration, 
1 08 - 1 09 

care of, with peripheral nerve 
in jury, 1 1 0 

neuromuscular spindle role in 
control of, 1 22- 1 24 

neurormesis affecting, 1 09 

Wallerian degeneration, 1 03 ,  1 1 2 ,  
4 7 8  

Wasting o f  muscles 
clinical observation of, 14 7 
in hypothalamic diseases, 406 

Water intake, hypothalamus af-
fecting, 405, 406 

Web, subsynapric, 66 
Weber's syndrome, 2 1 8, 2 19 ,  490 
White columns of spinal cord 

anterior, 2, 8, 2 5 ,  1 52 ,  1 5 3 ,  1 54 ,  
1 5 7 

corricospinal tract in, 1 59, 324, 
325 

descending nerve tracts in, 
1 59 

intersegmenral nerve tract in, 
1 59 

olivospinal rracr in, 3 3 1  
rericulospinal fibers in, 1 59 
spinorhalamic rracr in, 1 58 
rectospinal rracr in, 1 59, 327 
vesribulospinal rracr in, 1 59, 

329 
anterolareral 

spino-olivary tract in, 3 1 5  
spinorectal tract in, 3 1 5  
spinorhalamic tract in, 3 10 

contralareral spinorhalamic rracr, 
308, 3 1 0 

lateral, 2, 8, 2 5 ,  1 52 ,  1 5 3 ,  1 54 ,  
1 5 7 

corricospinal rracr in, 1 58, 324 
descending nerve tracts in,  

1 58- 1 59 
intersegmental nerve tracts in, 

1 5 9  
Lissauer rracr in, 1 5  7 
olivospinal tract in, 1 58, 1 59 
rericulospinal tract in, 1 58 
rubrospinal rracr in, 1 58 ,  328 
spinocerebellar tract in ,  1 5  7 ,  

3 1 3  
spino-olivary rracr in, 1 58 
spinorericular tract in, 1 58 ,  

3 1 5  
spinorecral rracr in, 1 5  7 
spinorhalamic tract in, 1 5  7 

nerve tracts in, 1 5  7 - 1 5 9  
anterior, 1 58 ,  1 59, 3 1 5 , 324,  

325 , 327 , 329, 3 3 1  
arrangement of, 1 5  7 
ascending, 1 57- 1 58. See also 

Ascending tracts of spinal 
cord 

descending, 1 58- 1 59. See also 
Descending tracts of spi­
nal cord 

intersegmental, 1 59 
lateral, 1 57 - 1 59, 3 1 3, 3 1 5 , 

324, 328 

5 59 

White columns of spinal cord, 
nerve tracts in-Continued 

posterior, 1 5 7- 1 59,  3 1 1 , 3 1 2 ,  
3 1 3  

posterior, 2 ,  8 ,  2 5 ,  1 52 ,  1 5 3 ,  
1 54 ,  1 5 7 

ascending proprioceptive in­
formation in, 144, 332  

descending nerve tracts in ,  1 58 
fasciculus cunearus in, 1 5  7 ,  

3 1 1 , 3 1 2  
fasciculus gracilis in, 1 5  7 ,  3 1 1 , 

3 1 2  
intersegmental nerve tracts in, 

1 59 
posrerolareral, spinocerebellar 

rracr in, 3 1 3  
White commissure of spinal cord, 

1 54,  1 5 5 , 244-248 
White horn of spinal cord. See 

White columns of spinal 
cord 

White marrer, 1 ,  39, 47 1 
of cerebellum, 193 ,  195- 1 96, 

1 99, 345  
of  cerebral hemispheres, 240, 

244-249 
association fibers of, 244, 

248-249 
commissures of, 1 54, 1 5 5 ,  

244-248 
projection fibers of, 244, 249 

of spinal cord, 7, 8 ,  40, 1 5 1 , 
1 5 7- 1 59, 1 7 1 , 399, 47 1 

anterior columns of. See White 
columns, anterior 

lateral columns of. See Whire 
columns, lateral 

nerve tracts in columns of, 
1 57 - 1 59 

posterior columns of. See 
White columns, posterior 

structure of, 1 5  7 
White ramus, of spinal nerve, 4, 2 5 ,  

26, 359 , 409, 4 1 0  
Willis circle, 449, 45 1 ,  4 5 5 ,  464 ,  

467, 503 
Word deafness, 270 

X-rays. See Radiography 

Yellow ligament, 30  

Zonulae occludens, 301  
Zygomaric nerve, 369, 4 1 8, 420  
Zygomaticoremporal nerve, 4 18 ,  420 
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