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Preface

Frequently physicians have expressed to the au-
thor their concern because the type of neuroanat-
omy taught 0 medical students is oo detailed
and often far removed from the basic neuroanat-
omy that one uses in clianical practice. While it
is fascinating to learn abour the ultramicroscopic
strucrure of synapses and the detailed connec-
tions of the hypothalamus, it is first essential thart
a student understand such phenomena as the pu-
pillary light reflex, be able to explain why a patient
with cerebeilar disease sends to fall wo the same
side as the lesion, and know the level at which
the spinal cord rerminates within the vertebral
canal.

Toa many students complain of the complexity
of the terminoclogy in neurcanatomy and the
difficulty they experience in understanding the
relations of the different parts of the brain to one
another. Unfortunately, this is often the fault of
the professor. It is not unusual in the author’s ex-
perience for the lecturer to become carried away
on the flowing tides of his eathusiasm, introducing
detailed compararive anatomy or the detailed re-
sults of his own larest investigarions, leaving the
student high and dry and more confused than
when the lecture began.

The purpose of this book is not to replace the
larger refereace textbooks of neuroanatomy, but,
rather, to offer the practical aspects of neuroana-
tomy in a simplified manner. Clinical problems
requiring a knowledge of anatomy for solution
ave presented at the end of each section. Refer-
ences to neuroanatomical literature are included
so that the student can acquire a deeper knowl-
edge of an area of interest, should he so desire.
ihe illustrations have purposely been kept sim-

ple, and for the most part they are diagrammatic
in form.

I thank the many medical students, clinical col-
leagues, and friends who stimulated me ro wriee
this book. 1 am ' most gratefui to the following coi-
leagues in anacomy who provided me with photo-
graphic examples of neurcanatemical macerial: Dr.
Nikolajs Cauna, Emeritus Professor of Anatumy,
University of Pittsburgh School of Medicine; Dr.
Turiough M. J. Fitzgerald, Professor of Anatomy,
University Coliege, Galway, Ireland; Dr. James
M. Kerns, Assistant Professor of Anatoray,
George Washingron Uaiversity Schooi of Medi-
cine and Health Sciences, Washington, D.C.; and
Dr. Alan Perers, Professor and Chairman of
Anatomy, Boston University School of Medicine.
I wish to cthank the suaft of the Audiovisual Ser-
vices of the George Washingroa University
School of Medicine and Hesich Sciences for their
skill in preparing suitable photographic prints for
publication, and to extend sincere thanks to my
artist, Myra Feldman, for her careful interpreta-
tion of my rough sketches for the illustrations and
for her patieace in executing the final artwork. To
the librarians of George Washington University
School of Medicine and Health Sciences my
thanks are due for their continued help in obeain-
ing for me much-needed reference material. Spe-
cial thanks are due w Michele Boyd and Doana
Gosnell for their skill and patience in typing the
manuscript. Finaily, to the scaff of Littie, Brown
and Company go my gratitude and thanks for their
harmonious collaborstion throughour the prepa-
ration of this book.

R. S S.
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1

Organization of the Nervous System

The nervous system is composed basically of
specialized cells, whose function is to ré~e.ve sen-
sory stimuli and to twransmit them to effector or-
gans, whether muscular or glandular (Fig. 1-1).
The sensory stimuli that arise either cutside or in-
side the body are correlated wichin the nervous
system, and the efferent impulses are coordinated
so that the effector organs work harmoniously to-
gether for the well-being of the individual, In ad-
dition, the nervous sysiem of higher speties has
the ability to store sensory information received
during past experiences; and this information,
when appropriate, is integrated with other ner-
vous impulses and channeled inw the common
efferent pathway.

e

Central and Peripheral

Nervous Systems

The aervous system is divided into two main parts,
for purposes of description: the central nervous sys-
wm (Fig. 1-2A), which consists of the brain and
spe..al cord, and che peripheral nervous system (Fig.
1-2B), which consists of the cranial and spinal
nerves and their associated ganglia.

in the central nervous system the brain and spi-
nal cord are the main centers where correlation
and integradon of nervous information occur;
therefore, it is not surprising that they are well
protected (Fig. 1-3). Both the brain and spinal
cord are suspended in fluid, the cerebrospinal fuid,
and they are further protected by the bones of the
skull and the vertebral column.

The central nervous system is composed of
large numbers of nerve cells and their processes,
which are supported by specialized tissue called
neurslogia (Fig. 1-4). Newron is the name given to
the nerve cell and all its processes. The long pro-
cesses of a nerve cell are called @xons or nerve fibers.

The interior of the ceatral nervous system is or-
ganized into gray and white maiter. Gray matier
consists of nerve cells and the proximal portions of
their processes embedded in neurologia. White
matter consists of nerve fibers embedded in
neuroglia.

in the peripheral nervous system the cranial and
spinal nerves, which consist of bundles of nerve
fibers or axons, conduct information to and from
the central nervous system. Although surrounded
by fibrous sheachs as they run to different parts of
the body, they are relatively unprotected and are
commonly damaged by trauma.

Autonemic Nervows Svstem

The autonomic nervous system is the pacc of the
nervous system concerned with the innervation of
involuntary structures, such as the heartr, smooth
muscie, and glands within the body. It is distrib-
uted throughout the central and peripheral ner-
vous systems. The autonomic system may be di-
vided inio two parts, the sympathetic and the
parasympathetic, and in both paris there are affer-
ent and efferent nerve fibers.

The activities of the sympathetic part of the au-
tonomic system prepare the body for an
emergency. It accelerates the heart rare, causes
constriction of the peripheral blood vessels, and
raises the blood pressure. It brings about a redis-
tribution of the blood, so that blood leaves the
areas of the skin and intestine and becomes avail-
able to the brain, heart, and skeletal muscle. At
the same time it inhibits peristalsis of the intestinal
tract and closes the sphincters.

The activities of the parasympathetic part of the
autonomic system are aimed at conserving and re-
storing energy. It slows the heart rate, increases
peristalsis of che intestine, increases glandular ac-
tivity, and opens the sphincters.
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Mazjor Divisions of the Central

Nervous System

Before proceeding to a detailed description of the
spinal cord and brain, it is essential to understand
the main features of these structures and cheir
general relationship to one another. Later, the
raore intricate parts will be studied in depth.

Spinal Cord

The spinal cord is a grayish-whire structure that
begins superiorly at the foramen magnum in the
skull, where it is continuous with the medwlla ob-
longata of the brain (Figs. 1-5 and 1-6). It termi-
nates inferiorly in the adult & the level of the lower
border of the first lumbar vertebra. In the young child
it is relatively longer and ends at the upper border
of the third lumbar vertebra. The spinal cord is
situated within the vertebral canal of the vertebral
column and is surrounded by three meninges (Fig.
1-6): the dura mater, the arachnoid mater, and the
pia mater. Further protection is provided by the
cerebrospinal fluid, which surrounds the spinal cord
in the subarachnoid space.

The spinal cord is roughly cylindrical in shape
(Fig. 1-6). However, in the cervical region, where
it gives origin to the brachial plexus, and in the
lower thoracic and lumbar regions, where ic gives
origin to the lumbosacral plexus, there are
fusiform enlargements, called the cervical and
lumbar enlargements (Fig. 1-2A). Inferiorly, the
spinal cord tapers off into the conxs medullaris,
from the apex of which a proiongation of the pia
mater, the #lum terminale, descends to be attached
to the back of the coccyx (Fig. 1<5B). The cord

Fig. 1-1. The rdlationsbip of afferent sensory st nuli
to memory bank, correlation and coordingting centers,
and common efferens patbway.

possesses, in the midline anzeriorly, a deep lon-
gitudinal fissure, the anterior median fissure, and,
on the posterior surface, a shallow furrow, the
Dostersor median sulens (Fig. 1-7).

Along the entize length of the spinal cord are
attacned 31 pairs of spinal nerves by the entersor
or motor resis and the posierior or semsory rools
(Figs. 1-6 and 1-7). Each root is attached o the
cord by a scries of rootlets, which extead the
whole lengch of the corresponding segment of the
cord. Each posterior nerve root possesses a posee-
rior roo! ganglion, the cells of which give rise to
peripheral and central nerve fibers.

STRUCTURE OF $PiNAL CORD. The spinal cord is
composed of an inner core of gray matter, which is
surrounded by an outer covering of white matser
(Fig. 1-7). The gray mattér is seen on cross section
as an H-shaped pillar with anterior and poiterior
gray columns, or horns, united by a thin gray com-
missure containing the small cemtral canal. The
white matter, for purposes of description, may be
divided into aenterior, lateral, and posterior white
columns (Fig. 1-7). The anterior column on each
side lies between the midline and the point of
emergence of the anterior nerve roots; the lateral
column lies between the emergence of the an-
terior serve roots and the entry of the posterior
nerve roots; the posterior columa lies berween the
entry of the posterior nerve roois and the midline.
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Fsp. 1-4. Photomicrograph of severad lavge nerse cells
with surrounding nenroglia.

Brain

The brain lies in the cranial cavicy and is continu-
ous with the spinmal cord through rhe foramen
magnum (see Fige 1-GA, i-8, and 1-10). It is sur-
rounded by three meninges: the dure mater, the
arachnoid mater, and the pig mater and these are
continuous with the corresponding meninges of
the spinal cord (Fig. 1-9).

The brain is conventionally divided into three
major divisions. These are, in asceading order
from the spinal cord, the rbembencephalon or hind-
brain, the messncephalon or midbrain, the the pros-
encepbuion or fursbrain. The rhombencephaion
may be subdivided into the myelencepbalon or
medulla oblongata, the meténcephalon or pons, and
the cerebelium. The prosencephalon may slso be
subdivided into the diencepbaion (berween brain),
which is the central part of the forebrain, and the
telencepbalon or cerebrum. The brainsiem (a collec-
tive term for the medulla oblongata, poas, and
midbrain) is that part of the brain thar remains

after the cerebral hemispheres and cerebellum are
removed {see Fig. 1-8).

HINDBRAIN (RHGMBENCEPHALON). The hindbrain
consists of the medulla oblongata (myelencepha-

lon), the pons (metencephalon), and the
cerebellum (Figs. 1-11 and 1-12). .
Meduila Oblongata (Myelencephalon). The me-

dulla pblongata is conical in shape and connects
the pons superiorly to the spinal cord inferiorly
(see Figs. 1-8 and 1-11). A median fissure is present
on the anterior suiface of the meduylla, and on each
side of this fissure is a swelling, cailed the pyramid.
Posterior to the pyramids are the olfves, which are
oval elevations produced by the underlying olivary
nuclei. Posterior to the olives are the inferdor
cerebellar peduncle;, which connect the medulla to
the cerebellum (Fig. 1-14).

On the posterior suiface of the inferior part of
the medulla oblongata (Fig. 1-14) are the gracile
and cwneare tubercles, produced by the medially
placed underlying nucless gracslss and the lateraily
placed underlying nuclexs cuneasus.

Pons (Metencephalon). The pons is situated on
the anterior surface of the cerebellum, inferior to
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B. Sagiital section of vertebral column in adult,
showing spinal cord terminating infersorly at the
level of the lower border of the firss lumbar vertebra.
C. Adult spinal cord and covering mensnges, show-
ing relationship io surrounding styuctures.



—--Dura mater

Arachnoid mate,

) Pia mater
Brain =%

l pameniym

_J dentic uLuum
\

S r __~Posterior roor
Cervical _ Poste
segments‘ OSterior root
ganglion
w¥-Spinal nerve
{ . 7 / Qi % .
White mareer )/ Anterior root
7/
7/
Gray matees
Thoracic B Dura and arachnoid marter
serments gl __Conus medullaris
Spinal cord = First lumbar
------ spinal nerve
——-»Cauda equina
- s
Suil _Roots of
umbar " spin:
mbag spinil aerves
Sacrai - =
3 ok H
Coccygeat Posterior root
segments i

' -~ ganglion
/ .- Lower himic of
subarachnoid space

Lower limic of ;=== Sacrum
subarachnoid spuce

Z__--Filum terminale

wmm ==~ Coccygeal spinal nerve
“~Coceyx

A C

Fig. 1-6. A. Brain, spinal cord, spinsl nerve roots,
and spinal nevves as seen om their posterior aspest.
B. Transvers: seciion thirough spinal cord in the
thoracsc region, showing anterior and postersor roots
of @ spinai nerve and the meninges.

C. Pesterior vivw of lower end of spinal cord and
canda equing, shywing heir velationship with the
{nmibar verichrae, sucriim, and hecyx,



8 1. Organization of the Nervous System

OAne segmenct of spinal cord

White matter 2\ , .
N AR JPosterior rootless of spinal nerve
N\ s " 7!
7 \ s . o
N 7 \ pi ,Posterior root of spinal nerve
/

_-Posterior root ganglion

v : inal nerve
Central canai~<_ UL\ - Spinal ne

——-=Posterior ramus of
spinal nerve

\\ Anterior ramus of

s Sosnl
v o b Aol s N $pina. nerve
A Gray matter~” AN N\ , )
Y MAnterior root of spinal nerve
\
5 s W\ . o o
Posterior median sulcus \Anterior rootiets of spinal nerve

Posterior median septumy Posterior white column

i

5 i

Posterior gray column, A\
Ay

i

i

!
/
! _- Lateral white column
]

Gray commissure<_ _ Posterior root ganglion
~, ?

\
\ \ Spinal nerve

\ . .
\ Anterior white column

b
i
]
i
i
i
i
|
re

Ancerior median fissu

Fig. 1-7. A. Transverse section through lumbar part
of spinal cord, oblique view.

B. Transverse section through lumbar part of spinal
cord, face view. Sections shaw antesior and posterior

roots of a spinal nerve.



A aprteally inferior collicuius

A » i/

: N / Trechlear nerve
X

. . v Supericr cotheulus 7
Midbrain Y faay /
N\

\ ! i
B T ‘j';:"ﬂé,,,.ﬁ F
i I
. bt S S /

% . .
,’ Trigeminal nerve

Traasverse sinus” .,f\ o Ly o 7~ Glossopharyngeal,
A\ & : vagus, and
alCessory nerves

Meduila oblongata -3 9 A L. , S~ ___ Spinal part of
Gracile tubercle ___ . Q0S8 o Y e i | accessory nerve

4

o\ -
- chald

£ \ 4
¥ | -—---- Ligamentum deaticulatum
‘ [N

|

P

Fig. 1-8. Pasterior view of the brainstem after re-
moval of the occipital and parietal bones vad the
carebrum, the cershellum, and the rosf of the fourth
ventricle. Laminaz ¢f the upper cervical vertebrae
bave also been rev.vved.



10 1. Organization of the Nervous System

. e,
Superficial fascia. >
Epicranial aponeurosis-~__
Loose connective tissue ~—___
Pericranium {(periosteum) —__ _ ’
Quter table of parietal bone .-~ 5#
Diploé-—"" -
@ ”

Inner table of parietal bone-”

Diploic vein
Superior sagitral sinus
~===~=Arachnoid granulation

- e
— i

" ——~Endosteal layer of dura
~~__~Meningeal layer of dura
~~~c__ Arachsoid
““~Cerebral artery in
g _subarachnozd space
\\‘an mater
- ~Cerebral cortex

==~ Falx cerebri

Cerebral vein in-—""
subarachnoid space

A Inferior sagittal sinus ——-#

Facial and vestibulocochlear nerves
AN

Diploic vein
e o . .
Great cerebral vein \ ' ,~~ Superior sagiteal sinus
A

\ Inferior sagitrai sinus
T <" Falx cerebri
- . v i » > ,’
Straight sinus R i T : _- Trochlear nerve

N\ / _~Oculomotor nerve
e

_~-Trigeminal nerve
_--Optic nerve

_.~-Olfaciory nerve

Tentorium~
cerebelli

Glossopharyngeal,”

vagus, and :
accessory nerves ’

F 43
Hypoglossal nerve ,’l

/
Abducent nerve

Fig. 1-9. A. Coronal section of upper part of bead
showing: layers of scalp, sagitsal sutures of skall, falx
cerebri, venous sinuses, avachnoid granulations,
emsssary veins, and relation of cersbral blood vessels to
subarachnoid space.

B. Interior of skull, showing dura mater and its
contained venons sinuses.



11

1 Ceatral fissure

Parietal bone
\

\ r - Fronzal bone

Parietal lobe 9 .~ Frontal lobe

Occipital~\
bone

>

;

1

/

4

X \
> \ \
Cerebellum / A\ » -
/ \ Temporal iche

Lateral fissuce Tempaoral bone

Fig. 1-10. Lateral view of the brain within ihe
skadl.



{2 1. Organization of tne Nervous System

" Longitudinal fissure

7 _-Frontal lobe

/;!.'_)i-facrory bulb

Temporal lobe <
N

i -~
N / o
“ 3 Do .
Infundibulum«_ \\/[ \ A
~. !
- ~.
Aoterior perforated~, \(\\
~,
substance
Tuber cinereum __

_-Olfactory tract
_~Optic nerve

_--=Optic chiastha
—

Mammillary body=—__/

Midbrain—w—ee___/

Transverse ===
fibers of pons

_~-=Optic tract

= Uncus

% ———Oculomotor nerve

-
-

--=~Trochlear nerve
_\.ib - - Motor root of
trigeminal nerve

-~ Sensory root of
wrigeminal nerve

i —=-Abduceut nerve

% TS g ’ %.70% F ~~-Roors of facial
4 F F:

Roots of Y- i gt N ; ; nerve

Flocculus of
cerebellum

Olive - —emmm

hypoglossai nerve ™ {}} &~ ~~Vestibulocochlear
Median fissure———"" \

nerve

Pyramid =" “*Glossopharyngeal
nerve
~,
- ~ Roots of vagus netrve
Medulta=~ : g
oblongata e bR eibe
Cerebellar ==~ - ' | T . 4
hemisphere i, p ‘

N Spinal part of accessory nerve
Occipital lobe ==~

Fig. [-11. Inferior view of the brain.



