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• Preface 

This book contains the basic neuroanatomlcal facts 
necessary for the practice of medicine. It is suitable for 
medical students, dental students, nurses, and allied 
health students. Residents find this book useful during 
their rotations. 

The functional organization of the nervous system 
has been emphasized and indicates how injury and 
disease can result in neurologic deficits. The amount 
of faclual Information bu been strictly Dmlted to that 
which Is cllnlcally lmportanL 

In this editlon, authorship has transitioned from 
the late Dr. Richard Snell, who, with brilliance and 
dedication, fathered the previous seven editions and 
provided the framework for the eighth. The content of 
each chapter has been reviewed and edited to be more 
straightforward and concise. The traditional artwork 
has been recolored and updated to enhance the clarity 
and to provide additional information to each image. 
High-quality magnetic resonance images and histo
logic photomicrographs have been updated to provide 
greater visual details. 

Each chapter Introduces the relevance of neuroanat
omy through a short case report. 

• Olnlcal Example. A short case report that serves to 
dramatize the relevance of neuroanatomy introduces 
each chapter. 

• Chapter Objectives. This section details the material 
that ls most important to learn and understand in each 
chapter. 

• Balle Neuroanatomy. This section provides basic 
information on neuroanatomical structures that are 
of clinical importance. Numerous examples of normal 
radiographs, CT scans, MRis, and PET scans are also 
provided. Many cross-sectional diagrams have been 
included to stlmulate students to think in terms of 
three-dimensional anatomy, which ts so Important in 

the Interpretation of CT scans and MR images. 
• amtn.I Notes. This section provides the practical 

application of neuroanatomical facts that are essential 
in clinical practice. It emphasizes the structures that 
the clinician will encounter when making a diagnosis 
and treating a patient It also provides the information 
necessary to understand many procedures and tee~ 
niques and notes the anatomical .. pitfalls" commonly 
encountered. 

• NEWI Key Conceplll. These quick, bulleted reviews of 
key topics and Information are provided at the end of 
each chapter. 

• Ololcal Problem SoMog. This section provides the sru
dent with many examples of clinical situations 1n which 
a knowledge of neuroanatomy Is necessary to solve clin
ical problems and to institute treatment; solutions to the 
problems are provided at the end of the chapter. 

• Reriew Queetiont. The purpose of the questions is 
threefold: to focus attention on areas of importance, to 
enable students to assess their areas of weakness, and 
to provide a form of self-evaluation when questions are 
answered under exarnlnatlon condlttons. Some of the 
questions are centered around a cllntcal problem that 
requires a neuroanatomlcal answer. Solutions to the 
problem are provided at the end of each chapter. 

An interactive Review Test, including over 450 ques
tions, ts provided online. 

The book ts extensively illustrated. The majority of the 
figures have been kept simple and are in color. As in the 
previous edition, a concise Color Atlas of the dissected 
brain is included prior to the text. This small but import
ant group of colored plates enables the reader to quickly 
relate a particular part of the brain to the whole organ. 

RS. 
R.S.S. 
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Introduction and 
Organization of the 
Nervous System 

CHAPTER OBJECTIVES 

• To understand the basic organization of the main 
structures that form the nervous system 

A 23-year-old student is driving home from a party and 
crashes his car head-on into a tree. On examination in the 
emergency department of the local hospital, he has a frac
ture dislocation of the 7th thoracic vertebra, with signs and 
symptoms of severe damage to the spinal cord. Later, he 
is found to have paralysis of the left leg. Testing of cutane
ous sensibility reveals a band of cutaneous hyperesthesia 
{increased sensitivity) extending around the abdominal 
wall on the left side at the level of the umbilicus. Just 
below this, he has a narrow band of anesthesia and anal
gesia. On the right side, he has total analgesia, thermoan
esthesia, and partial loss of touch sensation of the skin of 
the abdominal wall below the level of the umbilicus and 
involving the whole of the right leg. 

With knowledge of anatomy, a clinician knows that a 
fracture dislocation of the 7th thoracic vertebra can result 
in severe damage to the 10th thoracic segment of the 
spinal cord. Because of the small size of the vertebral 
foramen in the thoracic region, such an injury inevitably 
results in damage to the spinal cord. Knowledge of the 
vertebral levels of the various segments of the spinal cord 
enables the clinician to determine the likely neurologic 
deficits. The unequal sensory and motor losses on the two 
sides indicate a left hemisection of the cord. The band of 
anesthesia and analgesia was caused by the destruction 
ofthe cord on the left side atthe level ofthe 10th thoracic 

CENTRAL AND PERIPHERAL 
NERVOUS SYSTEMS 
As shown in Figure 1-1, the nervous system is divided 
into two main parts, for purposes of description: the 
cenll'al nervous system (CNS), which consists of the 
brain and spinal cord, and the peripheral nervous 
system (P~. which consists of the cranial and spinal 
nerves and their associated ganglia. 

• To gain a three-dimensional appreciation of the parts 
of the brain and their relative positions to one another 

segment; all afferent nerve fibers entering the cord at 
that point were interrupted. The loss of pain and thermal 
sensibilities and the loss of light touch below the level of 
the umbilicus on the right side were caused by the inter
ruption of the lateral and anterior spinothalamic tracts on 
the left side of the cord. 

To comprehend what has happened to this patient, 
the relationship between the spinal cord and its surround
ing vertebral column must be understood. The various 
neurologic deficits will be easier to understand after the 
reader has learned how the nervous pathways pass up and 
down the spinal cord. This information will be discussed 
in Chapter 4. 

The nervous system and the endocrine system control 
the functions of the body. The nervous system is composed 
basically of specialized cells, whose function is to receive 
sensory stimuli and to transmit them to effector organs, 
whether muscular or glandular. The sensory stimuli that arise 
either outside or inside the body are correlated within the 
nervous system, and the efferent impulses are coordinated 
so that the effector organs work harmoniously together for 
the well-being of the individual. In addition, the nervous sys
tem of higher species has the ability to store sensory infor
mation received during past experiences. This information, 
when appropriate, is integrated with other nervous impulses 
and channeled into the common efferent pathway. 

In the CNS, the brain and spinal cord are the main 
centers where correlation and integration of nervous 
information occur. Both the brain and spinal cord are 
covered with a system of membranes (menlngea) and 
are suspended in cerebro1plnal fluid {CSF). Meninges 
are further protected by the bones of the skull and the 
vertebral column (Fig. 1-2). 

The CNS is composed of large numbers of neurons, 
which are excitable nerve cells, and their processes, 

1 



2 CHAPTER 1 Introduction and Organization of the Nervous System 
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Figure 1·1 A:. The main divisions of the central nervous system. B: The parts of the peripheral 
nervous system (the cranial nerves have been omitted). 

known as u.ons or nerve flbela. Neurons are supported 
by specialized tissue called neuroglla (Fig. 1-3). 

The CNS interior is organized into gray and white 
matter. Gray matter, which is gray in color, consists 
of nerve cells embedded in neuroglia. White matter 
consists of nerve fibers embedded in neuroglia and is 
white in color because of the presence of lipid material 
in nerve fiber myelin sheaths. 

In the PNS, the cranial and spinal nerves, which 
consist of bwidles of nerve fibers (or axons), conduct 
information to and from the CNS. Although the nerves 
are surrounded by fibrous sheaths as they run to differ
ent parts of the body, they are relatively unprotected 
and are commonly damaged by trauma. 

Autonomic Nervous System 
The autonomic nervous system (ANS) Is the part 
of the nervous system that innervates the body's 

Involuntary structures, such as the heart, smooth 
muscle, and glands. It is distributed throughout 
the CNS and PNS and ls divided Into two parts, the 
sympathetic and the parasympathetic, both contain
ing afferent and efferent nerve fibers. The activities 
of the sympathetic part of the ANS prepare the body 
for an emergency, whereas those of the parasympa
thetic part are aimed at conserving and restoring 
energy. 

MAJOR DIVISIONS OF THE CENTRAL 
NERVOUS SYSTEM 
Before proceeding to a detailed description of the spi
nal cord and brain, understanding the main features of 
these structures and their general relationship to one 
another is essential (Table 1-1). 
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Figure 1-2 A: The protective covering of the spinal cord, the meninges, is formed by dura, 
arachnoid, and pia mater. The space between the arachnoid and pial membranes is called the 
subarachnoid space and contains cerebrospinal fluid (CSF). The subarachnoid space is enlarged 
at the cisterna magna and chiasmatic cistern. B: In the cranium, the dura consists of fused perios
teal and meningeal layers that separate to form dural sinuses. Arachnoid mater projects into the 
dural venous sinuses to drain CSF fram the subarachnoid space. (From Siegel, A., & Sapru, H. N. 
[2015]. Essential neuroscience (3rd ed.]. Baltimore, MD: Wolters Kluwer.) 
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Figure 1-3 Photomicrograph of several large nerve cells 
with surrounding neuroglia. N, Neuron; n, nucleus; Ng, 
neuroglia; Np, neuropili; arrows, neurites. (From Gartner, L P. 
[2017]. Color atlas and text of histology [7th ed.]. Baltimore, 
MD: Wolters Kluwer.) 

Spinal Cord 
The spinal cord Is situated within the vertebral c:anal 
of the vertebral column and is surrounded by three 
meninges (Figs. 1-4 and 1-5): the duna matert the arach· 
nold mater, and the pla mater. Further protection is 
provided by the C:SF, which surrounds the spinal cord 
in the subaradmold space. 

The spinal cord ls roughly cyllndrlcal and begins 
superiorly at the foramen magnum in the skull, where lt 
ls continuous wlth the medulla oblongata of the brain. 
It terminates inferiorly In the lumbar region. Below, the 
spinal cord tapers off Into the conus medullarle, from 
the apex of which the mum termlnale (a prolongation 
of the pia mater) descends to attach to the back of the 
coccyx (see Fig. 1-48). 

Along the entire length of the spinal cord, 31 pairs 
of spinal nerves are attached by the anterior or motor 
roots and the posterior or 1eD10ry roots (Fig. 1-6; also 
see Fig. 1-5). Each root is attached to the cord by a 
series of rootlets, which extend the whole length of 
the corresponding segment of the cord. Each posterior 

Table 1-1 Major Divisions of the Central and 
Peripheral Nervous Systems 

Central Nervous System 

Brain 
Forebrain 

Cerebrum 
Diencephalon (between brain) 

Midbrain 
Hindbrain 

Medulla oblongata 
Pons 
Cerebellum 

Spinal cord 
Cervical segments 
Thoracic segments 
Lumbar segments 
Sacral segments 
Coceygeal segments 

Peripheral Nervogs System 

Cranial nerves and their ganglia-12 pairs that exit the 
skull through the foramina 

Spinal nerves and their ganglia-31 pairs that exit the 
vertebral column through the intervertebral foramina 
8 Cervical 
12 Thoracic 
5 Lumbar 
5 Sacral 
1 Coccygeal 

nerve root possesses a poeterlor root ganglion, the 
cells of which give rise to peripheral and central nerve 
fibers. 

Spinal Cord Struct\.IN 

The spinal cord ls composed of an Inner core of gray 
matter, which ls surrounded by an outer covering of 
white matter. The gray matter Is seen on cross section 
as an H-shaped pfllar with anterior and posterior gray 
colUIDD9, or horns. united by a thin gray commllllUl'e 
containing the small central canal. The white matter, 
for purposes of description, ls divided into anterior, 
lateral, and posterior white columm (see Fig. 1-6). 

Brain 
The brain (Fig. 1-7) Iles in the cranial cavity and ls 
continuous with the spinal cord through the foramen 
magnum (see Fig. I.SA). As shown in Figure 1-2, it ls 
surrounded by the dura mater. the arachnoid mater, 
and the pla mater. These three meninges are contin
uous with the corresponding meninges of the spinal 
cord. The CSF surrounds the brain in the subarachnoid 
space. 

The brain is conventionally divided into three 
major divisions: the hlndbraln, the mldbraln, and 
the forebraln in ascending order from the spinal cord 
(see Fig. 1-lA). The brain.stem (a collective term for the 
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Figure 1-4 A: Fetus with the brain and spinal cord exposed on the posterior surface. Note 
that the spinal cord extends the full length of the vertebral column. B: Sagittal section of the 
vertebral column in an adult showing the spinal cord terminating inferiorly at the level of the 
lower border of the 1st lumbar vertebra. C: Adult spinal cord and covering meninges showing 
the relationship to surrounding structures. 

medulla oblongata. pons, and midbrain) is what remains 
after the cerebral hemispheres and cerebellum (see 
below) are removed. 

Hind brain 
The hindbrain comprises the medulla oblongala. the 
pons. and the cerebellum. 

Medulla Oblongata 
The medulla oblongata Is conical In shape and connects 
the pons superiorly to the spinal cord Inferiorly (Fig. 1-8). 
It contains many collections of neW'Ons, called nuclei, 

and serves as a conduit for ascending and descending 
nerve fibers. 

PolUI 

The pons is situated on the anterior surface of the 
cerebellum, inferior to the midbrain and superior 
to the medulla oblongata (Fig. 1-9; also see Fig. 1-8). 
The pons, or bridge, derives its name from the large 
number of transverse fibers on its anterior aspect 
connecting the two cerebellar hemispheres. It also 
contains many nuclei and ascending and descending 
nerve fibers. 
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F'.gure 1-S A: Brain, spinal cord, spinal nerve roots, and spinal nerves as seen on their posterior 
aspect B: Transverse section through the thoracic region of the spinal cord showing the anterior 
and posterior roots of a spinal nerve and the meninges. C: Posterior view of the lower end of the 
spinal cord and cauda equine showing their relationship with the lumbar vertebrae, sacrum, and 
coccyx. 
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Superior temporal gyrus Figure 1-9 Brain viewed from its right lateral 
Medulla oblongata aspect. 
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Figure 1·10 Median sagittal section of the brain to show the third ventricle, the cerebral aqueduct,. 
and the fourth ventricle. 

Cerebellum 
The cerebellum lies within the posterior cranial fossa 
of the skull (see Figs. 1-7 to 1-9), posterior to the pons 
and the medulla oblongata. It consists of two laterally 
placed hemispheres connected by a median portion, 
the verml8. The cerebellum is connected to the mid
brain by the nperlor cerebellar peduncles, to the 
pons by the middle cerebellar peduncles, and to 
the medulla by the Inferior cerebellar peduncles (see 
Fig. 6-9). The peduncles are composed of large bundles of 
nerve fibers connecting the cerebellum to the remain
der of the nervous system. 

The surface layer of each cerebellar hemisphere 
ls called the cortex and ls composed of gray matter 
(Fig. 1-10). The cerebellar cortex is thrown Into folds, 
or folia, separated by closely set transverse fissures. 
Certain masses of gray matter are found in the Interior 
of the cerebellum, embedded in the white matter; the 
largest of these is known as the dentate nucleus (see 
Fig. 6-7). 

The medulla oblongata, the pons, and the cerebellum 
surround a cavity filled with CSF, called the fourth ven
tricle. This is connected superiorly to the third ventri
cle by the cerebral aqueduct; Inferiorly, lt Is continuous 
with the central canal of the spinal cord (Flg. 1-11). It 
conununlcates with the subarachnold space through 

three openings In the Inferior part of the roof. Through 
these openings, the CSF within the CNS can enter the 
subarachnold space. 

Mldbraln 

The mldbraln Is the narrow part of the brain that con
nects the forebraJn to the hlndbraln (see Figs. 1-lA and 
1-10). The narrow cavity of the mldbraln Is the cerebral 
aqueduct, which connects the third and fourth ventri
cles. The midbraJn contains many nuclei and bundles of 
ascending and descending nerve fibers. 

Forebratn 
The forebraln comprises the dlencephalon (between 
brain), which ls the central part of the forebraln, and 
the cerebrum. 

Dl.encephalon 
The diencephalon is almost completely hidden from 
the surface of the brain. It consists of a dorsal thal· 
amus and a ventral hypothalamu. (see Fig. 1-10). 
The thalamus is a large, egg-shaped mass of gray 
matter that lies on either side of the third ventricle. 
The anterior end of the thalamus forms the poste
rior boundary of the lnterventrlcular foramen, the 
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Figure 1-11 Sagittal section through the brainstem and the cerebellum. 

opening between the third and lateral ventricles. The 
hypothalamus forms the lower part of the lateral wall 
and floor of the third ventricle. 

Cerebrum 
The cerebrum, the largest part of the brain, consists of 
two cerebral hemispheres, whlch are connected by a 
mass of white matter called the corpus callosum. (see 
Flgs. 1-9 and 1-10). Each hemisphere extends from the 
frontal to the occipital bones ln the skull, superior to 
the anterior and middle cranial fossae; posteriorly, the 
cerebrum Iles above the tentorium cerebelll (see Pig. 15-3). 
The hemispheres are separated by a deep cleft, the 
loogltucllnal fiasure, into which projects the fah: cerebri 
(see Fig. 1~1). 

The surface layer of each hemisphere, the cortex, is 
composed of gray matter. The cerebral cortex is thrown 
tntofolds(gyd)separated byftssures,orlUl.d.{seeFtg.1-9). 
This arrangement greatly increases the surface area of 
the cortex. A number of the large sulcl are conveniently 
used to subdlvtde the surface of each hemisphere Into 
lobes. which are named from the bones of the cranium 
they lie under. 

Within the hemisphere ls a central core of white 
matter containing several large masses of gray matter, 

the basal nuclei or ganglia. A fan-shaped collectlon of 
nerve fibers, the corona radlata (Fig. 1-12), passes ln 
the white matter to and from the cerebral cortex to the 
brainstem. The corona radiata converges on the basal 
nuclei and passes between them as the Internal cap
sule. The tailed nucleus situated on the medial side of 
the internal capsule ls the caudate nucleu (Fig. 1-13), 
and the lens-shaped nucleus on the lateral side of the 
internal capsule is the lendform nucleus. 

Within each cerebral hemisphere is a cavity called 
the lateral ventrlde (see Figs. 16-2 and 16-3). The lat
eral ventricles communicate with the third ventricle 
through the lnterventrlcular foramlna. 

During the process of development, the cerebrum 
becomes enormously enlarged and overhangs the dlen
cephalon, the midbraln, and the hlndbraln. 

Brain Structure 
Unllke the spinal cord, the brain Is composed of an 
inner core of white matter. which Is surrounded by an 
outer covering of gray matter. However. as mentioned 
previously, certain Important masses of gray matter are 
situated deeply within the white matter: the gray cere
bellar nuclei in the cerebellum and the gray thalamic, 
caudate, and lentiform nuclei in the cerebrum. 
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to the internal capsule. 
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MAJOR DIVISIONS OF THE 
PERIPHERAL NERVOUS SYSTEM 
The PNS comprises the cranial and spinal nerves and 
their associated ganglia. 

Cranial and Spinal Nerves 
The cranial and spinal nerves are made up of bundles of 
nerve fibers supported by connective tissue. 

The 12 pairs of cranlal nerves (see Fig. 1-8) leave 
the brain and pass through foramina in the skull. The 
31 pairs of spinal nerves (see Fig. 1-5) leave the spinal 
cord and pass through lntervertebral foramlna In the 
vertebral column. The spinal nerves are associated 
with regions of the spinal cord: 8 cervical, 12 thoracic, 
5 lumbar, 5 sacral, and 1 coceygeal. Note that there are 
8 cervical nerves yet only 7 cervical vertebrae and that 
there Is 1 coccygeal nerve but 4 coccygeal vertebrae. 

Twelfth thoracic vertebra ~-___._ 

Fl rat lumbar vertebra-~-

Coccyx---
-~~ 

--~ 

Each spinal nerve Is connected to the spinal cord 
by two roots: the anterior root and the polterlor root 
{see Fig. 1-SB). The anterior root consists of bundles 
of nerve fibers carrying nerve Impulses away from the 
CNS-efferent flben. Those that go to skeletal muscles 
and cause them to contract are motor flben. Their cells 
of origin lie in the anterior gray horn of the spinal cord. 

The posterior root consists of bundles of afferent 
ftben that carry nervous impulses to the CNS. Because 
these fibers convey information about sensations of 
touch, pain, temperature, and vibration, they are called 
semory ftben. The cell bodies of these nerve fibers are 
situated ln a swelling on the posterior root called the 
posterior root ganglion. 

The spinal nerve roots pass from the spinal cord to 
the level of their respective lntervertebral foramlna, 
where they unite to form a 1plnal nerve (Fig. 1-14). 
Here, the motor and sensory fibers mlx together; thus, a 
spinal nerve comprises both motor and sensory fibers. 
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---ss 
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Figure 1-14 Posterior view of the spinal cord showing the origins of the roots of the spinal 
nerves and their relationship to the different vertebrae. On the right, the laminae have been 
removed to expose the right half of the spinal cord and the nerve roots. 
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Flgure 1·15 Oblique posterior view of the lower end of the spinal cord and the cauda equina. On 
the right, the laminae have been removed to expose the right half of the spinal cord and the nerve 
roots. 

Because of the disproportionate growth in length 
of the vertebral column during development, com
pared with that of the spinal cord, the length of the 
roots Increases progressively from above downward 
(see Fig. 1-15). In the upper cervical region, the spinal 
nerve roots are short and run almost horizontally, but 
the roots of the lumbar and sacral nerves below the 
level of the termination of the cord (lower border of 
the 1st lumbar vertebra ln the adult) form a vertical 
leash of nerves around the ftlum termlnale (Fig. 1-15). 
Together, these lower nerve roots are called the cauda 
equlna. 

After emerging from the intervertebral foranten, each 
spinal nerve Immediately divides Into a large anterior 
ramus and a smaller posterior ramua, each containing 
both motor and sensory fibers. The posterior ramus 

passes posteriorly around the vertebral column to 
supply the muscles and skJn of the back. The anterior 
ramus continues anteriorly to supply the muscles and 
skin over the anterolateral body wall and all the mus
cles and skin of the limbs. 

The anterior rami join one another at the root of the 
llmbs to fonn complicated nerve pleJCllleS (see Fig. 1-IB). 
The cervical and brachlal plexmes are found at the 
root of the upper limbs, and the lumbar and lacral 
plexuset are found at the root of the lower limbs. 

Ganglia 
Ganglia can be dlvtded Into sensory ganglia of spinal 
nerves (posterior root ganglia) and cranial nerves and 
autonomic ganglia. 
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Sensory Ganglia 

Sensory ganglla are fusiform swellings (see Fig. 1-5) on 
the posterior root of each spinal nerve just proximal 
to the root's junction with a corresponding anterior 
root. They are referred to as potterlor root ganglia. 
Similar ganglia found along the course of cranial 
nerves V, VII, VIII, IX, and X are the semory ganglia 
of these nerves. 

Autonomic Ganglfa 

Autonomic ganglia, which are often irregular in shape, 
are situated along the course of efferent nerve fibers of 
the ANS. They are found in the paravertebral sympa
thetic chains (see Figs. 141and142) around the roots 
of the great visceral arteries in the abdomen and close 
to, or embedded within, the walls of various viscera. 
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EARLY DEVELOPMENT OF 
THE NERVOUS SYSTEM 
Before the fonnatlon of the nervous system In the embryo, 
three main cell layers differentiate. The Innermost layer, 
the entoclenn, gives rise to the gastrointestinal tract. the 
lungs, and the liver. The meeoderm. gives rise to the mus
cle, co1U1ectlve tissues, and the vascular system. The third 
and outermost layer, the ectoderm, formed of columnar 
epithelium, gives rise to the entire nervous system. 

During the third week of development. the ectoderm 
on the dorsal surface of the embryo between the prim
itive knot and the buccopharyngeal membrane thick
ens to form the neural plate. The plate, which is pear 
shaped and wider cranially, develops a longitudinal 
neural groove. The groove now deepens so that it is 
bounded on either side by neural folds (Fig. 1-16). 
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RguN 1-16 Formation of the 
neural plate, neural groove, and 
neural tube. The cells of the neural 
crest differentiate into the c:ells 
of the posterior root ganglia, the 
sensory ganglia of cranial nerves, 
autonomic ganglia, neurilemmal 
cells (Schwann cells), the cells of 
the suprarenal medulla, and mela
nocytes. 
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With further development, the neural folds fuse, 
converting the neural groove into a neanl tube. Fusion 
starts at about the midpoint along the groove and 
extends cranially and caudally so that, in the earliest 
stage. the cavity of the tube remains in communica
tion with the amniotic cavity through the anterior and 
poeterlor neuropores. The anterior neuropore closes 
first and the posterior neuropore 2 days later. Thus, 
normally, the neural tube closure is complete within 
28 days. Meanwhile, the neural tube has sunk beneath 
the surface ectoderm. 

During the invagination of the neural plate to form 
the neural groove, the cells forming the lateral margin 
of the plate do not become incorporated in the neural 
tube but instead form a strip of ectodermal cells that 

for clarity. 

Ile between the neural tube and the covering ectoderm, 
the neural creat (Fig. 1-16). Subsequently, this group of 
cells will migrate ventrolaterally on each side around 
the neural tube. Ultimately, the neural crest cells wm 
differentiate Into the cells of the posterior root ganglia, 
the SC1110ry ganglia of the cranial nerves, autonomic 
ganglia, the cells of the wprarenal medulla. and the 
melanocytea. These cells also probably give rise to 
mesenchymal cells in the head and neck. 

Meanwhile, the proliferation of cells at the cephalic 
end of the neural tube causes it to dilate and form three 
primary bndn vesicles: the forebraln, mldbraln, and 
hlndbraln vesicles (Fig. 1-11) (Table 1-2). The rest of 
the tube elongates and remains smaller In diameter; it 
will form the 1plnal cord.. 

Table 1-2 The Primary Divisions of the Developing Brain 

Forebrain vesicle Prosencephalon (forebrain} Telencephalon Cerebral hemisphere, basal ganglia, 
hippocampus 

_J_ Diencephalon Thalamus, hypothalamus, pineal 
body, infundibulum 

Midbrain vesicle Mesencephalon (midbrain} j Mesencephalon (midbra_i_n_,) 11-li-e-ctum, tegmentum, crus cerebri 

Hindbrain vesicle I Rhombencephalon {hindbrain) I Metencephalon Pons, cerebellum 
Myelencephalon Medulla oblongata 

I 
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The subsequent differentiation of cells In the neural 
tube ls brought about by the Inductive interactions of 
one group of cells with another. The inducing factors 
influence the control of the gene expression ln the tar
get cells. Ultimately, the simplest progenitor cell will 
dlff erentiate into neurons and neurogllal cells. Interest
ingly, excessive numbers of neurons and neurogllal cells 
develop, and many (nearly half of the developing neu
rons) will be programmed to die by a process known as 
programmed cell dealh. Research into the identification 

0 Clinical Notes 

Relationship of Spinal Cord Segments to 
Vertebral Numbers 
Because the spinal cord Is shorter than the vertebral col
umn, the spinal cord segments do not correspond nwner
ically with the vertebrae that lie at the same level (see 
Fig. 1-14). The following table will help a clinician determine 
which spinal segment Is related to a given vertebral body 
(Table 1-3). 

F.x.amlnatlon of a patient's back shows that the spi
nous processes lie approximately at the same level as the 
vertebral bodies. In the lower thoracic region, however, 
because of the length and extreme obliquity of the splnous 
processes, the tips of the spines lie at the level of the ver
tebral body below. 

Spinal Cord and Brain Injuries 
The spinal cord and brain are well protected. Both are sus
pended in cerebl'Glploal fluid (CSf) and are surrounded by 
the bones of the vertebral column and skull (see Chapters 4 
and 5). However, with enough force, these protective struc
tures can be damaged, with consequent Injury to the deli
cate underlying nervous tissue. Moreover, the cranial and 
spinal nerves and blood vessels are also likely to be injured. 

Spinal Cord Injuries 
The degree of spinal cord Injury at different vertebral levels 
Is determined largely by anatomlcal factors. In the cervical 
region, dislocation or fracture dislocation Is common, but 

Table 1-3 Relationship of Spinal Cord 
Segments to Vertebral Numbers 

Cervical vertebrae 

Upper thoracic vertebrae 

I Add 1 

Add2 

Lower thoracic vertebrae (7-9) Add 3 

10th thoracic vertebra 

11th thoracic vertebra 

12th thoracic vertebra 

1st lumbar vertebra 

L 1-12 cord segments 

L3-L4 cord segments 

LS cord segment 

l Sacral and coccygeal 
cord segments 

of neurotrophlc factors that promote the development 
and survival of neurons ls of great Importance, as 
the results could possibly be applied to the problem 
of regeneration of the spinal cord neurons following 
trauma or the Inhibition of degenerative diseases such 
as Alzheimer disease. 

The further development of the nervous system will 
be fully described in Chapter 18 following the descrip
tion of the different parts of the nervous system and 
their neuronal connections. 

the large size of the vertebral canal usually prevents severe 
injury to the spinal cord. However, with considerable dis
placement of the bones or bone i'Tagments, the cord Is sec
tioned. Respiration ceases if the cord is completely severed 
above the segmental origin of the phrenic nerves (C3-CS) 
because the lntercostal muscles and the diaphragm are par
alyzed, resulting In death. 

In fracture dislocations of the thoracic region, displace
ment can be conslderable. The small size of the vertebral 
canal results in severe injury to this region of the spinal 
cord. 

In fracture dislocations of the lumbar region, two ana
tomic facts help prevent substantial nerve injury. First, the 
spinal cord In the adult ex.tends down only as far as the 
level of the lower border of the 1st lumbar vertebra (see 
Fig. 1-lS). Second, the large size of the vertebral foram.en in 
this region gives the roots of the cauda eqwna ample room. 

Injury to the splnal cord may produce partial or com
plete loss of function at the level of the lesion and partial 
or complete loss of function of afferent and efferent nerve 
tracts below the level of the lesion. The symptoms and 
signs of such lnJurles are discussed after the detailed struc
ture of the spinal cord, and the ascending and descending 
tracts are discussed In Chapter 4. 

Spinal Nerve Injuries 
The intervertebral foramina (Fig. 1-18) transmit the spinal 
nerves and the small segmental arteries and veins, all of 
which are embedded In areolar Ussue. Each foramen Is 
bounded superiorly and Inferiorly by the pedlcles of adjar 
cent vertebrae, anteriorly by the lower part of the verte
bral body and the intervertebral disc, and posteriorly by 
the articular processes and the joint between them. Jn this 
situation, the spinal nerve is very vulnerable and may be 
pressed on or irritated by disease of the surrounding struc
tures. Herniation of the lntervertebral disc, fractures of the 
vertebral bodies, and osteoarthritis involving the Joints of 
the articular processes or the joints between the vertebral 
bodies may all result in pressure, stretching, or edema of 
the emerging spinal nerve. Such pressure would give rise 
to dermatomal pain, muscle weakness, and diminished or 
absent reflexes. 

HERNIATED INTERVERTEBRAL DISCS 
Herniation of the lntervertebral discs occurs most com
monly In areas of the vertebral column where a mobile part 
joins a relatively Immobile part-for e.sample, the cervl
cothoracic and lumbosacral Junctions. In these areas, the 
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Figure 1-18 A: Joints in the cervical, thoracic, and lumbar regions of the vertebral column. 
B: Third lumbar vertebra seen from above showing the relationship between the interverte
bral disc: and the cauda equina. C: Sagittal section through three lumbar vertebrae showing 
the ligaments and the intervertebral discs. Note the relationship between the emerging spinal 
nerve in an intervertebral foramen and the intervertebral disc. 

posterior part of the anulus flbrosus of the disc ruptures, 
and the central nucleus pulposus is forced posteriorly like 
toothpaste out of a tube. This herniation of the nucleus 
pulposus may result either in a central protrusion in the 
mldllne under the posterior longitudinal ligament of the 
vertebrae or In a latera1 protrusion at the side of the poste
rior ligament close to the lntervertebral forameo (Fig. 1-19). 

Cervical dl8C herniations are less common than her
niations in the lumbar region. The discs most susceptible 
are those between the 5th and 6th and the 6th and 7th 
cervical vertebrae. Lateral protrusions cause pressure 
on a spinal nerve or its roots. Each spinal nerve emerges 
above the corresponding vertebra; thus, the protrusion 
of the disc between the 5th and 6th cervical vertebrae 
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may compress the C6 spinal nerve or its roots. Pain is felt 
near the lower part of the back of the neck and shoulder 
and along the area In the distribution of the spinal nerve 
Involved. Central protrusions may press on the spinal 
cord and the anterior spinal artery and Involve the vari
owi spinal tracts. 

Lumbar d.blc hernlalfona are more common than cer
vical disc herniations. The discs usually alfected are those 
between the 4th and 5th lumbar vertebrae and between the 
5th lumbar vertebra and the sacrum. ln the lumbar region, 
the roots of the cauda equlna run posteriorly over a num
ber of intervertebral discs. A lateral herniation may press 
on one or two roots and commonly involves the nerve root 

c 

Anulus fibrosus 

E 

Figure 1-19 A, I: Posterior 
views of the vertebral bodies in 
the cervical and lumbar regions 
showing the relationship that 
might exist between a herniated 
nucleus pulposus and spinal 
nerve roots. Note there are eight 
cervical spinal nerves and only 
seven cervical vertebrae. In the 
lumbar region, for example, the 
emerging L4 nerve roots pass 
out laterally close to the pedicle 
of the 4th lumbar vertebra and 
are not related to the interverte
bral disc between the 4th 
and 5th lumbar vertebrae. 
C: Posterolateral hemiation of 
the nucleus pulposus of the 
intervertebral disc between the 
5th lumbar vertebra and the 
1st sacral vertebra showing 
pressure on the S1 nerve root. 
D: An intervertebral disc that has 
herniated its nucleus pulposus 
posteriorly. E: Pressure on the 
L5 motor nerve root produces 
weakness of dorsiflexion of the 
ankle; pressure on the 51 motor 
nerve root produces weakness of 
plantar flexion of the ankle joint. 

going to the intervertebral foramen just below. The nucleus 
pulposus occasionally herniates directly backward, and 
if It Is a large herniation, the whole cauda equina may be 
compressed, causing paraplegia. 

In lumbar disc herniations, pain Is referred down the leg 
and foot in the distribution of the affected nerve. Because 
the sensory posterior roots most commonly pressed on 
are the 5th lumbar and 1st sacral, pain ls usually felt down 
the back and lateral side of the leg, radiating to the sole 
of the foot, a condition known as 8datica. In severe cases, 
paresthesla or actual sensory loss may occur. 

Pressure on the anterior motor roots causes muscle weak
ness. Involvement of the Sth lumbar motor root weakens 



dorsiflexion of the ankle, whereas pressure on the 1st sacral 
motor root causes plantar flexion weakness. The ankle jerk 
reflex may be diminished or absent (see Fig. 1-19E). 

A large, centrally placed protrusion may give rise to 
bilateral pain and muscle weakness In both legs. Acute 
retention of urine may also occur. 

Spinal Tap 
Splnal tap (lumbar puncture) may be performed to withdraw 
a sample of CSF for microscopic or bacterlologtc examination 
or to Inject drugs to combat lnfectlon or Induce anesthesia. 
Fortunately. the spinal cord terminates fnf-erlorly at the level 
of the lower border of the 1st lumbar vertebra in adults (in 
Infants, It may reach Inferiorly to the 3rd lumbar vertebra). 
The subarachnold space extends Inferiorly as far as the lower 
border of the 2nd sacral vertebra. The lower lumbar part of 
the vertebral canal is thus occupied by the subarachnold 
space, which contains the lumbar and sacral nerve roots and 
the filum terminale {the cauda equina). A needle inserted 
Into the subarachnold space In this region usually pushes the 
nerve roots to one side without causing damage. 

With the patient lying on his or her side or In the 
upright sitting posltlon, with the vertebral column well 

Spina! tap 
needle 

\ 
\ I 
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flexed, the space between adjoining laminae in the lumbar 
region Is opened to a maximum (Fig. 1-20). An Imaginary 
line joining the highest points on the mac crests passes 
over the 4th lumbar spine. Using a careful aseptic tech
nique and local anesthesia, the clinician passes the lum
bar puncture needle fitted with a stylet Into the vertebral 
canal above or below the 4th lumbar spine. The needle will 
pass through the following anatomical structures before 
It enters the subarachnold space: (a) skin, (b) superftdal 
fascia, (c) suprasplnous ligament, (d) lntersplnous liga
ment, (e) llgamentum flavum, (f) areolar tissue containing 
the internal vertebral venous plexus, (g) dura mater, and 
(h) arachnoid mater. The depth to which the needle will 
have to pass wlll vary from 1 In (2.5 cm) or Jess ln a child 
to as much as 4 ln (10 cm) In an obese adult. 

As the stylet Is withdrawn, a few drops of blood may 
escape. This usually indicates that the point of the needle 
is in one of the veins of the internal vertebral plexus and 
has not yet reached the subarachnoid space. If the needle 
stimulates one of the nerve roots of the cauda equlna, 
the patient wtll experience a fleeting discomfort In one of 
the dermatomes or a muscle will twitch, depending on 
whether a sensory or a motor root was affected. 

~ lntaMll'tabral 
disc 

~~~~~~~~~~Tlansll91'98 

-~ l I 
JI I 

II I 
Dura mater J' 

Arachnoid mater 

p!'OC888 

Figure 1-20 Sagittal section through the lum
bar part of the vertebral column in a position 
of flexion. Note that the spines and laminae are 
well separated in this position allowing insertion 
of the spinal tap needle into the subarachnoid 
space. 
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CSF pressure can be measured by attaching a manom
eter to the needle. When the patient ls In the recumbent 
posltlon, the normal pftlllll'e 18 about 60 to 150 mm of 
water. The pressure shows oscillations corresponding to 
the movements of respiration and the arterial pulse. 

A block of the subarachnoid space in the vertebral 
canal, which may be caused by a tumor of the spinal 
cord or the meninges, can be detected by compressing 
the Internal jugular veins In the neck. This raises the 
cerebral venous pressure and inhibits the absorption of 
CSF in the arachnoid granulations, thereby increasing the 
manometer reading of the CSF pressure. If thls rise does 
not occur, the subarachnotd space Is blocked, and the 
patient exhibits a positive Qoeckemtedt 91gn. 

Caudal Anesthesia 
Anesthetic solutions may be Injected into the sacral canal 
through the sacral hiatus. The solutions pass upward In 
the loose connective tissue and bathe the spinal nerves 
as they emerge from the dural sheath (Fig. 1-21). Obstetri
cians use this method of nerve block to relieve the pains 
of the first and second stages of labor because anesthetic 
administered by this method does not affect the Infant. 
Caudal anesthesia can also be used In operations In the 
sacral region, including anorectal surgery. 

Head Injuries 
A blow to the head may merely bruise the scalp; severe 
blows may tear or split the scalp. Even If the head Is 

Alum termlnale .. Csuda equlna ,. 
,,// ... ~········· Dura mater 

protected by a helmet, the brain can be severely damaged 
without cltnlcaJ evidence of scalp Injury. 

Skull Fractures 
Severe blows to the head can change the shape of the skull 
at the point of impact. Small objects may penetrate the skuU 
and lacerate the brain. Larger objects applted with great 
force may shatter the skull and drtve fragments of bone Into 
the brain at the site of Impact. 

In the adult, fractures of the skull are common, but they 
are less common in the young child. ln the infant, the skull 
bones are more resilient, and they are separated by fibrous 
sutural ltgaments. In the adult, the Inner table of the skull ls 
particularly brittle. Moreover, the sutural ligaments begin 
to ossify during middle age. 

The type of fracture that occurs in the skull will depend 
on the age of the patient, the severity of the blow, and 
the area of the skull receiving the trauma. The adult 8kull 
resembles an eggsheU, with llmlted resWence. A severe, 
localized blow will cause a local lndentaUon, commonly 
with bone splintering. Blows to the vault can result In a 
series of linear fractures, which radiate out through the 
thin areas of the bone. The petrous parts of the temp~ 
raJ bones and the occipital crests (see Fig. 5-6) strongly 
reinforce the base of the skulJ and tend to deftect linear 
fractures. 

The yoq chlld•s skull resembles a plnf1>0ng ball. 
because a localized blow produces a depression without 
splintering. This common type of circumscribed lesion is 
known as a "pond" fracture. 
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Figure 1-21 Posterior view of the sacrum. 
Laminae have been removed to show the 
sacral nerve roots lying within the sacral 
canal. 
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l.)irect cerebral trauma 

Trauma due to 
negaave pressure 

~ 
Secondary trauma due 10 cerebral momentum 

c 
Figure 1-22 A:. Mechanisms of acute cerebral injury when a blow is applied to the lateral side 
of the head. B: Varieties of intracranial hemorrhage. C: Mechanism of cerebral trauma following a 
blow on the chin. The movement of the brain within the skull can also tear the cerebral veins. 

Brain Injuries 
Brain Injuries are caused by displacement and distortion of 
the neuronal tissues at the moment of impact (Fig. 1-22). The 
brain, which is incompressible, is like a water-soaked log 
suspended in water. The brain Is fioallng In the CSF In the 
subarachnold space and Is capable of a certain amount of 
anteroposterior and lateral gilding movement. The antero
postertor movement is limited by the attachment of the 
superior cerebral veins to the superior sagittal sinus. Lat
eral displacement of the brain Is limited by the falx cerebrl. 
The tentorlum cerebelll and the falx cerebelll also re.strict 
displacement of the brain. 

Thus, blows on the front or back of the head lead to 
displacement of the brain, which may cause severe cere
bral damage, stretching and distortion of the brainstem, 

and stretching and even tearing of brain commissures. 
Blows to the side of the head cause less cerebral dis
placement, and the Injuries to the brain consequently 
tend to be less severe. However, the falx cerebrl is a 
tough structure and may cause considerable damage to 
the softer brain tissue in cases of a severe blow to the 
side of the head. Furthermore, remember that glancing 
blows to the head may cause considerable brain rotation, 
with shearing strains and brain distortion, particularly 
in areas where further rotation ls prevented by bony 
prominences in the anterior and middle cranial fossae. 
Brain lacerations are very likely to occur when the brain 
ts forclbly thrown against the sharp edges of bone within 
the skull (see pp. 191-192,rthe lesser wings of the sphe
nold, for example. 
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When the brain moves suddenly within the skull, the 
part of the brain that moves away from the skull wall is 
subjected to diminished pressure because the CSF has not 
had time to accommodate to the brain movement. This 
results in a suction effect on the brain surface, with rupture 
of swface blood vessels. 

A sudden severe blow to the head, as In an automobile 
accident, may result In damage to the brain at two sites: at 
the point of impact and at the pole of the brain opposite 
the point of impact, where the brain is thrown against the 
skull wall. This ls refened to as contrecoop Injury. 

The movement of the brain within the skull at the time 
of head Injuries not only ls likely to cause avulslon of cra
nial nerves but commonly leads to rupture of tethering 
blood vessels. Fortunately, the large arteries found at the 
base of the brain are tortuous, and this, coupled with their 
strength, explains why they are rarely tom. The thin-walled 
cortical veins, which drain Into the large dural venous 
sinuses, are very vulnerable and can cause severe subdural 
or subarachnofd hemorrhage. 

Traumatic Brain Injury Following an Explosion or Blast 
Deployed soldiers are frequently exposed to explosive 
devices, which may result in extensive injuries to the limbs, 
eye.s, and ears. Open Injuries to the skull, where shrapnel 
has entered the brain, are clearly visible and are dealt with 
accordingly. 

However, In closed Injuries, in which the skull remains 
intact, the underlying brain may be damaged but left 
untreated. In these cases, the explosion produces a blast 
of air that strikes the skull and shakes up the brain, 
resultJng In multiple Injuries to the soft brain tissue as It is 
driven against the hard bony projections within the skull. 
The symptoms and signs will depend on the extent of the 
neurologic damage and will be mild, moderate, or severe. 
Although the moderate and severe cases are quickly recog
nized by medical personnel, the mild cases may be missed, 
and patients may later develop headaches, nausea. mood 
changes, and memory loss. Early diagnosis ts Imperative 
a.s studies of these patients have shown that mild neuro
logic damage can be successfully treated. Individuals who 
have been exposed to explosive devices should undergo 
computed tomography (Cl) scan or magnetic resonance 
Imaging (MRI) before returning to civilian life. 

lntracranial Hemonhage 
Although the brain is cushioned by the surrounding CSF 
in the subarachnoid space, any severe hemorrhage within 
the relatlvely rigid skull will ultimately exert pressure on 
the brain. 

Four types of lntracranlal hemorrhage may result from 
trauma or cerebral vascular lesions (see Fig. 1-22). 

Epidural (extradural) hemonhage results from injuries 
to the meningeal arteries (commonly the anterior dlvtsion 
of the middle meningeal artery) or veins (see Fig. 1~. A 
comparatively minor blow to the side of the head, resulting 
In fracture of the skull In the region of the anterior-Inferior 
portion of the parietal bone, may sever the artery (see 
Fig. 1-22). Arterial or venous injury is especially likely to 
occur if the vessels enter a bony canal In this region. Bleed
ing occurs and strips the meningeal layer of dura from the 
Internal swface of the skull. The intracranlal pressure (ICP) 
rises, and the enlarging blood clot exerts local pressure on 
the underlying precentral gyros (motor area). Blood may 
also pass laterally through the fracture line to form a soft 

swelling on the side of the head. To stop the hemonhage, 
the tom artery must be ligated or plugged. The burr hole 
through the skull wall should be placed about 1.5 in (4 cm) 
above the midpoint of the zygomatic arch. 

Sobdural hemorrhage results from tearing of the supe
rior cerebral veins where they enter the superior sagittal 
sinus (see Figs. 1>1 and 17-5). The cause ls usually a blow 
to the front or back of the head resulting In excessive 
anteroposterior displacement of the brain within the skull. 
This condition, which is much more common than middle 
meningeal hemorrhage, can be caused by a sudden minor 
blow. Once the vein Is tom, blood under low pressure 
begins to accumulate ln the potential space between the 
dura and the arachnoid. The condition ls rarely bilateral. 

Acute and chronic forms occur depending on the speed 
of accumulation of fluid in the subdural space. For exam
ple, if the patient starts to vomit. the venous pressure will 
rise as the result of a rise In the lntrathoraclc pressure. 
Under these circumstances, the subdural blood clot will 
rapidly Increase tn size, causing acute symptoms. In the 
chronic form, over a course of several months, the small 
blood clot will attract Ouid by osmosis, in which case a 
hemorrhagic cyst forms and gradually espands, causing 
pressure symptoms. In both forms, the blood clot must be 
removed through burr holes in the skull. 

Subandmold hemorrba&e results from nontraumatic 
leakage or rupture of a congenital aneurysm on the ce~ 
bral arterial circle (circle of WiJlis) or, less commonly, from 
an arteriovenous malformation. Sudden onset of severe 
headache, neck stiffness, and loss of consciousness occurs. 
The diagnosis Is established by CT or MRI or by withdraw
ing heavily blood-stained CSF through a lumbar puncture. 

With cerebral hemorrhage. spontaneoaa hdracerebral 
hemorrhate (see Fig. 1-22) is most common in patients 
with hypertension. It ls generally due to rupture of the thbl· 
walled lendculomlale artery (see Ftg. 17-11), a branch of 
the middle cerebral artery (see Fig. 174). The hemorrhage 
involves important descending nerve Hbers in the Internal 
capsule and causes hemiplegia on the contralateral side. 
The patient Immediately loses consciousness, and paraly· 
sis Is evident when consciousness ls regained. The diagno
sis Is established by brain CT or MRI. 

Shaken Baby Syndrome 
Inflicted head lnJuryls the most common cause of traumatic 
death ln Infancy. Sudden deceleration, which occurs when 
an infant is held by the arms or trunk and shaken or the 
head is forcefully struck against a hard surface, is believed 
to be responsible for the brain injuries. Btomechanical stud
ies have shown that the rotatJon of the floating brain around 
its center of gravity causes diffuse brain Injuries, Including 
diffuse axonal Injury and subdural hematoma. In shaken 
baby syndrome, major rotational forces have to occur that 
clearly exceed those encountered in normal child play 
activltles. 

Most cases of shaken baby syndrome take place during 
the first year of life, and they are usually restricted to 
infants under 3 years of age. Common symptoms include 
lethargy, irritability, seizures, altered muscle tone, and 
symptoms Indicating raised ICP, such as Impaired con
sciousness, vomiting, breathing abnormalities, and apnea. 
In severe cases, the baby may be unresponsive. the fonta
nelles are bulging, and the child may have retinal hemor· 
rhages. Spinal tap may reveal blood in the CSF. Subdural or 
subarachnoid hemonhages can be readily detected on CT 



or MRI scans. Autopsy findings commonly Include localized 
subdural hemorrhage In the parietal-occipital region and 
subatachnoid blood, associated with massive cerebral 
swelling and widespread neuronal loss. 

Space-Occupying Lesions Within the Skull 
Space-occupying or expanding lesions within the skull 
Include tumor, hematoma, and abscess. Because the skull 
is a rigid container of fixed volume, these lesions will add to 
the normaJ bulk of the intracranial contents. 

An expanding lesion ls first accommodated by the 
expulsion of CSF from the cranial cavity. Later, the veins 
become compressed, interference with the circulation 
of blood and CSF begins, and the ICP starts to rise. The 
venous congestion results in increased production and 
diminished absorption of CSF, the CSF volume begins to 
rise, and thus, a vicious circle Is established. 

The position of the tumor within the brain may have a 
dramatic effect on the signs and symptoms. For example, a 
tumor that obstructs the outflow of CSP or directly presses 
on the great veins will cause a rapid increase in ICP. The 
signs and symptoms that enable the clinician to localize 
the lesion wtll depend on the degree of Interference with 
brain function and nervous tissue destruction. Severe 
headache, possibly due to the stretching of the dura mater, 
and vomiting, due to pressure on the bralnstem, are com
mon complaints. 

A spinal tap should not be performed In patients with 
suspected lntracranlal tumor. The withdrawal of CSF may 
lead to a sudden displacement of the cerebral hemisphere 
through the notch In the tentorium cerebelli into the pos
terior cranial fossa (Fig. 1-23) or herniation of the medulla 
oblongata and cerebellum through the foramen magnum. 
CT scans or MRls are used In diagnosis. 
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Computed Tomography 
CT ls used for the detection of lntracranlal lesions. The p~ 
cedure is quick, safe, and accurate. The total dose of Irradi
ation is no greater than for a conventional skull radiograph. 

CT relies on the same physics as conventional radio
graphs, tn that structures are dlsUngulshed from one 
another by their ability to absorb energy from x~ays. The 
x~ay tube emits a narrow beam of radiation as It passes 
In a series of scanning movements through an arc of 180 
degrees around the patient's head. The x~ays having 
passed through the head are collected by a special Hay 
detector. The Information Is fed to a computer that pro
cesses the lnfonnation, which ls then displayed as a reco~ 
structed picture on a screen. Essentially, the observer sees 
an Image of a thin slice through the head, which may then 
be photographed for later examination (Fig. 1-24). 

The sensitivity is such that small differences in x-ray 
absorption can be easily displayed. The gray matter of 
the cerebral cortex, white matter, Internal capsule, corpus 
callosum, ventricles, and subarachnoid spaces can all be 
recognized. An lodlne<ontainlng medium can be Injected 
intravascularly, which enhances greatly the contrast 
between tissues having a different blood flow. 

Because a CT scan can be performed in 5 to 10 minutes, 
It ls the method of choice In an emergency situation with 
patients with head trauma or suspected intracranlal hem
orrhage. 

Magnetic Resonance Imaging 
MRI uses the magnetic properUes of the hydrogen nucleus 
excited by radlofrequency radiation transmitted by a coll 
surrounding the head. The excited hydrogen nuclei emit 
a signal that is detected as Induced electric currents tn 
a receiver coil. MRI is absolutely safe to the patient. and 

Rllx cerebrl 

~Herniation of part of cerebrum 
through tentorlal notch 

Figure 1-23 Sudden displacement of the cerebral hemispheres through the tentorial notch 
into the posterior cranial fossa following a lumbar puncture; the cerebral tumor is situated in 
the right cerebral hemisphere. CT or MRI should be used rather than lumbar puncture when 
investigating a cerebral tumor. 
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Figure 1-24 CT scan showing the structure of the brain. A,, B: Horizontal cuts (axial sections). 



because it provides better differentiation between gray and 
white matter, MRI can be more revealing than CT. The reason 
for this is that gray matter contains more hydrogen in the 
form of water than white matter, and the hydrogen atoms 
are less bound In fat (Fig. 1-25). MRI Is the best imaging 
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method for detecting low-contrast lesions such as brain 
tumors or small multiple sclerosis plaques. It is also capa
ble of showing clear images of the bra!nstem, cerebellum, 
and the pituitary fossa, which, In the case of a CT scan, are 
overshadowed by the dense bones of the base of the skull. 
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Fourth ventricle 

---- Cerebellum 

-.... Medulla oblongata 

- Langltudlnal fissure 

- Corpus c:allosum 

- caudate nucleus 

Lsntifonn nucleus 
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Figure 1-25 MRI showing the structure of the brain. A: Sagittal. B: Coronal. Compare with 
Figure 1-24. Note the better differentiation between gray and white matter. 
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Figure 146 Axial (horizontal) PET scan of a normal 
brain following the injection of 18-fluorodeoxyglucose. 
Regions of active metabolism (yellow areas) are seen 
in the cerebral cortex. The lateral ventricles are also 
demonstrated. (Courtesy Dr. Holley Dey.) 

Figure 1-27 Axial (horizontal) PET scan of a 62-year
old male patient with a malignant glioma in the left 
parietal lobe following the injection of 18-fluorode
oxygluc:ose. A high concentration of the compound 
(circular yellow area) is seen in the region of the tumor. 
(Courtesy Dr. Holley Dey.) 

The spinal cord structure Is much more clearly visualized 
with MRI. 

Unfortunately, an MRI taJces longer and costs two-thirds 
more than a CT scan. 

Positron Emission Tomography 
Positron emission tomography (PET) uses radioac
tive isotopes that decay with the emission of positively 
charged electrons (positrons) to map the biochemical, 
physiologic, and pharmacologlc processes taking place 
In the brain. 

The appropriate Isotope Is Incorporated Into molecules 
of known biochemical behavior In the brain and then is 
injected into the patient. The metabolic activity of the 
compound can then be studied by making cross-sectional 
tomographic Images of the brain using the same prlnclpJes 
as in CT (Fig. 1-26). Making a series of time-lapse Images 
at different anatomical sites allows variations In brain 
metaboli$m to be studied at these sites. This technique 
has been used to study the distribution and activity of 
neurotransmltters, variations in oxygen utlllzatlon, and 
cerebral blood now. 

PET has been successfully used In the evaluation of 
patients with brain tumors (Figs. 1-27 and 1-28), movement 
disorders, seizures, and schizophrenia. 

Figure 1-28 Coronal PET scan of a 62-year-old male 
patient with a malignant glioma in the left parietal lobe 
following the injection of 18-fluorodeoxyglucose (same 
patient as in Fig. 1-25). A high concentration of the 
compound {circular ye/low area) is seen in the region of 
the tumor. (Courtesy Dr. Holley Dey.) 



Central and Peripheral Nervous Systems 

• The nervous system comprises the central nervous 
system (CNS) and peripheral nervous system (PNS). 

• The CNS consists of the brain and the spinal cord, 
both of which are surrounded by the meninges and 
the cerebrospinal fluid (CSI'). 

• The PNS consists of all other nerves In the body. 
• The autonomic nervous system (ANS) Is concerned 

with lnvolwttary structures and distributed 
throughout both CNS and PNS. 

Major Divisions of the Central Nervous System 

• The brain has three major divisions: hindbraln, 
midbrain, and forebrain. 

• The hindbraln can be subdivided into the medulla 
oblongata, the pons, and the cerebellum; the 
forebrain Into the diencephalon and the cerebrum. 

• The cerebrum ls the largest component of the 
brain and consists of two hemispheres, covered by 
cerebral cortex, which is made up of a series of folds 
and fissures called gyri and sulci. 

• The spinal cord is a cylindrical structure continuous 
with the medulla oblongata of the brainstem. 

• Along the length of the spinal cord, 31 pairs of spinal 
nerves are attached. 

f) Clinical Problem Solving 

1. A 45-year-old woman is examined by her physician 
and found to have carcinoma of the thyroid gland. 
Apart from swelling in the neck, the patient also 
complains of back pain in the lower thoracic region, 
with a burning soreness radiating around the right 
side of her thorax over the 10th lntercostal space. 
Although the back pain can be relieved by changing 
posture, it ls worsened by coughing and sneezing. 
A lateral radlograph of the thoracic part of the ver
tebral column reveals a secondary carcinomatous 
deposit in the 10th thoracic vertebral body. Further 
physical examination reveals muscular weakness 
of both legs. Using your knowledge of neuroanato
my, explain the following: (a) the pain in the back, 
(b) the soreness over the right 10th intercostal 
space, (c) the muscular weakness of both legs, and 
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Major Divisions of the Peripheral Nervous System 

• Motor and sensory roots connect the spinal nerve 
to the spinal cord. 

• The spinal nerves divide Into anterior and posterior 
raml, both containing motor and sensory fibers. 

• The posterior rarni are distributed to the muscles and 
skin of the back. 

• Anterior rami supply the muscles and skin of the limbs 
and the anterolateral body wall. 

• Ganglia are collections of neuronal cell bodies that 
result In fusiform swellings within the dorsal roots, 
or as Irregular swellings within the ANS. 

Early Development of the Nervous System 

• During development, the embryo differentiates into 
three layers, entoderm, mesoderm, and ectoderm. 

• The ectoderm gives rise to the entire nervous 
system, initially forming the neural plate, then 
neural folds, and subsequently fusing Into the neural 
tube. 

• The leading edge of the neural folds contains 
neural crest cells which differentiate into ganglion 
cells, Schwann cells, melanocytes, and cells of the 
suprarenal medulla. 

( d) which segments of the spinal cord lie at the level 
of the 10th thoracic vertebral body. 

2. A 35-year-old coal miner Is crouching down at the 
mine face to Inspect a drilling machine. A large 
rock suddenly dislodges from the roof of the mine 
shaft and strikes the miner on the upper part of 
his back. Examination shows an obvious forward 
displacement of the 8th thoracic vertebra. What 
anatomical factors in the thoracic region deter
mine the degree of injury that may occur to the 
spinal cord? 

3. A 20-year-old man with a long history of tubercu
losis of the lungs is examined by an orthopedic 
surgeon because of the sudden development of 
a humpback (kyphosls). He also has symptoms 
of a stabbing pain radiating around both sides of 
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his thorax intensified by coughing or sneezing. A 
diagnosis of tuberculous osteltls of the 5th tho
racic vertebra is made, with the collapse of the 
vertebral body responsible for the kyphosis. Using 
your knowledge of neuroanatomy, explain why the 
collapse of the 5th thoracic vertebral body should 
cause pain in the distribution of the 5th thoracic 
segmental nerve on both sides. 

4. A 50-year-old man wakes up one morning with a 
severe pain near the lower part of the back of his 
neck and left shoulder. The pain is also referred 
along the outer side of the left upper arm. Move
ment of the neck causes an increase in the Intensity 
of the pain, which ls also accentuated by coughing. 
A lateral radlograph of the neck shows a slight nar
rowing of the space between the 5th and 6th cervi
cal vertebral bodies. A magnetic resonance imaging 
(MRI) shows disruption of the intervertebral disc 
between the 5th and 6th cervical vertebrae. Using 
your knowledge of anatomy, state which nerve root 
was Involved. Also, state the nature of the disease. 

5. A medical student offers to help a fellow student 
straighten out the bumper of a car. He has Just 
finished his course in neuroanatomy and Is in poor 
physical shape. Undaunted, he attempts to lift the end 
of the bumper while his friend stands on the other 
end. Suddenly, he feels an acute pain in the back that 
extends down the back and outer side of his right 
leg. Later, he is examined by an orthopedic surgeon, 
who finds that the pain is accentuated by coughing. 
A lateral radiograph of the lumbar vertebral column 
reveals nothing abnormal. A magnetic resonance 
Imaging (MRI) taken in the sagittal plane shows a 
small posterior prolapse of the nucleus pulposus in 
the disc between the 5th lumbar and the 1st sacral 
vertebrae. A diagnosis of herniation of the interver
tebral disc between the 5th lumbar and 1st sacral 
vertebrae ls made. Using your knowledge of neu
roanatomy, explain the symptoms of this disease. 
Which spinal nerve roots were pressed on? 

6. A 5-year-old child is seen in the emergency depart
ment, and a diagnosis of acute meningitis is made. 

The resident decides to perform a lumbar puncture 
in order to confirm the diagnosis. Using your knowl
edge of neuroanatomy, where would you perform 
a lumbar puncture? Name, in order, the structures 
pierced when a lumbar puncture needle is inserted 
into the subarachnoid space. 

7. A pregnant young woman tells her friends that she 
hates the Idea of going through the pain of childbirth 
but that she equally detests the thought of having a 
general anesthetic. Is there a specialized local anal
gesic technique that will alleviate labor pains? 

8. While crossing the road, a pedestrian Is struck on the 
right side of his head by a passing car. He falls to the 
ground but does not lose consciousness. After resting 
for an hour and then getting up, he appears to be 
confused and irritable. Later, he staggers and falls to 
the floor. On questioning, he is seen to be drowsy, and 
twitching of the lower left half of his face and left arm 
is noted. A diagnosis of epidural hemorrhage is made. 
Which artery Is likely to have been damaged? What is 
causing the drowsiness and muscle twitching? 

9. A 45-year-old woman Is examined by a neurologist 
and found to have an intracranial tumor. She com
plains of severe headaches, which occur during the 
night and early morning. She describes the pain as 
"bursting" in nature, and although at first, 6 months 
ago, the headaches were intermittent, they are now 
more or less continuous. Coughing, stooping, and 
straining during defecation make the pain worse. The 
pain is accompanied by vomiting on three recent 
occasions. What is the sequence of events that 
occurs within the skull as the intracranial pressure 
(ICP) rises? Would you perform a routJne lumbar 
puncture on every patient you suspected of having 
an intracranial twnor? 

10. While examining an unconscious 18-year-old 
man admitted to the emergency room following a 
motorcycle accident, the neurosurgeon asks the 
attending medical student what happens to the brain 
in an accident in which it is suddenly decelerated 
within the skull. How would you answer the inquiry? 
What is the value of wearing a helmet? 

Answers and Explanations to Clinical Problem Solving 

1. 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 10th thorac
ic vertebral body. (b) Compression of the posterior 
nerve root of the 10th thoracic spinal nerve by 
the carcinoma of the vertebral column caused the 
hyperesthesla and hyperalgesla over the right 10th 
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. (cl) Although dlsp~ 
portionate growth in length of the vertebral column 
occurs 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 1st lumbar vertebra, and therefore, 
the Isl and 2nd lumbar segments of the spinal cord 
lie at the level of the 10th thoracic vertebral body. 

2. This patient had a severe fracture dislocation 
between the 7th and 8th thoracic vertebrae. The 
vertical arrangement of the articular processes and 
the low mobility of this region because of the tho
racic cage mean that a dislocation can occur In this 
region only if the articular processes are fractured 
by a great force. The small circular vertebral canal 



leaves little space around the spinal cord; thus, 
severe cord Injuries are certain. 

3. Each spinal nerve ls formed by the wlion of a pos
terior sensory root and an anterior motor root and 
leaves the vertebral canal by traveling through an 
intervertebral foramen. Each foramen ls bounded 
superiorly and inferiorly by the pedicles of adjacent 
vertebrae, anteriorly by the lower part of the verte
bral body and by the intervertebral disc, and posteri
orly by the articular processes and the joint between 
them. In this patient, the 5th thoracic vertebral body 
had collapsed and the lntervertebral forarnina on 
both sides had been considerably reduced In size, 
causing compression of the posterior sensory roots 
and the spinal nerves. The consequent Irritation of 
the sensory fibers was responsible for the pain. 

4. This patient had symptoms suggestive of irrita
tion of the left 6th cervical posterior nerve root. 
The radlograph revealed narrowing of the space 
between the 5th and 6th cervical vertebral bodies, 
suggesting a herniation of the nucleus pulposus of 
the intervertebral disc at this level. MRI showed the 
nucleus pulposus extending posteriorly beyond the 
anulus fibrosus, thus confirming the diagnosis. 

5. The herniation occurred on the right side and was 
relatively small. The pain occurred in the distribu
tion of the 5th lumbar and 1st sacral segments of 
the spinal cord, and the posterior sensory roots 
of these segments of the cord were pressed on the 
right side. 

6. In a 5-year-old child, the spinal cord terminates infe
riorly at about the level of the 2nd lumbar vertebra 
(certainly no lower than the 3rd lumbar vertebra). 
With the child lying on his side and with the operator 
using an aseptic technique, the skin is anesthetized 
in the midline just below the 4th lumbar spine. The 
4th lumbar spine lies on an imaginary line joining the 
highest points on the iliac crests. The lumbar punc
ture needle fitted with a stylet ts then passed care
fully into the vertebral canal. The needle will pass 
through the skin, superficial fascia, supraspinous 
and lnterspinous ligaments, Ugamentum flavum, are
olar tlssue containing the internal vertebral venous 
plexus, and the dura and arachnoid mater before 
entering the subarachnold space. 

8 Review Questions 

Directions: Each of the incomplete statements in this sec
tion is followed by completions of the statement. Select 
the ONE lettered completion that ts BEST In each case. 

1. The spinal cord has 
(a) an outer covering of gray matter and an inner 

core of white matter. 
(b) an enlargement below that forms the conus 

medullaris. 
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7. Caudal analgesia (anesthesia) Is very effective In 
labor If It ts performed skillfully. The anesthetic solu
tions are Introduced into the sacral canal through 
the sacral hiatus. Sufficient solution is given so that 
the nerve roots up as far as Tll-T12 and L1 are 
blocked. This will make the uterine contractions 
painless during the first stage of labor. If the nerve 
fibers of S2-S4 are also blocked, the perineum will 
be anesthetized. 

8. A blow on the side of the head can fracture the 
thin anterior part of the parietal bone. The anterior 
branch of the middle meningeal artery commonly 
enters a bony canal In this region and ts sectioned 
at the time of the fracture. The resulting hemorrhage 
causes gradual accumulation of blood under high 
pressure outside the meningeal layer of the dura 
mater. The pressure ls exerted on the underlying 
brain as the blood clot enlarges, and the symptoms 
of confusion and Irritability become apparent. This is 
followed later by drowsiness. Pressure on the lower 
end of the motor area of the cerebral cortex (the 
right precentral gyrus) causes facial muscle twitc~ 
ing and, later, left arm muscle twitching. As the blood 
clot progressively enlarges, the intracranial pressure 
(ICP) rises and the patient's condition deteriorates. 

9. A detailed account of the various changes that 
occur in the skull in patients with an intracranial 
tumor Is given on page 23. A patient suspected of 
having an lntracranlal twnor should not undergo 
a spinal tap. The withdrawal of cerebrospinal fluid 
(CSF) may lead to a sudden displacement of the 
cerebral hemisphere through the opening In the 
tentorlum cerebelli into the posterior cranial fossa 
or herniation of the medulla oblongata and cere
bellum through the foramen magnum. CT scans or 
MRis are now used in making the diagnosis. 

10. The brain is floating in the cerebrospinal fluid (CSF) 
within the skull, so a blow to the head or sudden 
deceleration leads to displacement of the brain. This 
may produce severe cerebral damage; stretching 
or distortion of the bralnstem; awlslon of cranial 
nerves; and, commonly, rupture of tethering cerebral 
veins. A hebnet helps to protect the brain by cus~ 
toning the blow and thus slowing the rate of brain 
deceleration. 

(c) anterior and posterior roots of a single spinal 
nerve attached to a single segment. 

(d) cells In the posterior gray horn that give 
rise to efferent fibers that supply skeletal 
muscles. 

(e) a central canal that ls situated In the white 
commlssure. 
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2. The medulla oblongata has 
(a) a tubular shape. 
(b) the fourth ventricle lying posterior to its lower 

part. 
(c) the midbrain directly continuous with its upper 

border. 
( d) no central canal in its lower part. 
(e) the spinal cord directly continuous with its 

lower end in the foramen magnum. 
3. The mldbraln has 

(a) a cavity called the cerebral aqueduct. 
(b) a large size. 
(c) no cerebrospinal fluid (CSF) around it. 
( d) a cavity that opens above into the lateral ven

tricle. 
(e) a location in the middle cranial fossa of the skull. 

Directions: Each of the numbered items in this section 
is followed by answers. Select the ONE lettered answer 
that is CORRECT. 

4. The following statements concern the cerebellum: 
(a) It lies within the middle cranial fossa. 
(b) The cerebellar cortex is composed of white 

matter. 
(c) The vermis is the name given to that part join

ing the cerebellar hemispheres together. 
(d) The cerebellum lies anterior to the fourth ven

tricle. 
(e) The dentate nucleus is a mass of white matter 

found in each cerebellar hemisphere. 
5. The following statements concern the cerebrum: 

(a) The cerebral hemispheres are separated by a 
fibrous septum called the tentorium cerebelli. 

(b) The bones of the vault of the skull are named 
for the lobes of the cerebral hemisphere they 
lie over. 

(c) The corpus callosum is a mass of gray matter 
lying within each cerebral hemisphere. 

(d) The internal capsule is an important collection 
of nerve fibers, which has the caudate nucleus 
and the thalamus on its medial side and the 
lentiform nucleus on its lateral side. 

(e) The cavity present within each cerebral hemi
sphere is called the cerebral ventricle. 

6. The following statements concern the peripheral 
nervous system: 
(a) There are 10 pairs of cranial nerves. 
(b) There are 8 pairs of cervical spinal nerves. 
( c) The posterior root of a spinal nerve contains 

many efferent motor nerve fibers. 
(d) A spinal nerve is formed by the union of an 

anterior and a posterior ramus in an interver
tebral foramen. 

( e) A posterior root ganglion contains the cell bodies 
of autonomic nerve fibers leaving the spinal cord. 

7. The following statements concern the central ner
vous system: 
(a) A computed tomography (CT) brain scan can

not distinguish between white matter and gray 
matter. 

(b) The lateral ventricles are in direct communica
tion with the fourth ventricle. 

(c) A magnetic resonance imaging (MRI) of the 
brain uses the magnetic properties of the 
hydrogen nucleus excited by radiofrequency 
radiation transmitted by a coil surrounding the 
patient's head. 

(d) Following trauma and sudden movement of the 
brain within the skull, the large arteries at the 
base of the brain are commonly torn. 

(e) The movement of the brain at the time of head 
injuries is unlikely to damage the small 6th cra
nial nerve. 

8. The following statements concern the cerebrospi
nal fluid (CSF): 
(a) The CSF in the central canal of the spinal cord is 

unable to enter the fourth ventricle. 
(b) With the patient in the recumbent position, the 

normal pressure is about 60 to 150 mm of water. 
( c) It plays only a minor role in the protection of 

the brain and spinal cord from traumatic injury. 
(d) Compression of the internal jugular veins in the 

neck lowers the CSF pressure. 
(e) The subdural space Is filled with CSF. 

9. The following statements concern the vertebral 
levels and the spinal cord segmental levels: 
(a) The 1st lumbar vertebra lies opposite the L3-IA 

segments of the cord. 
(b) The 3rd thoracic vertebra lies opposite the 3rd 

thoracic spinal cord segment. 
(c) The 5th cervical vertebra lies opposite the 7th 

cervical spinal cord segment. 
( d) The 8th thoracic vertebra lies opposite the 9th 

thoracic spinal cord segment. 
( e) The 3rd cervical vertebra lies opposite the 4th 

cervical spinal cord segment. 

Directions: Each case history is followed by questions. 
Select the ONE BEST lettered answer. 

A 23-year-old woman was unconscious when admitted 
to the emergency department. While crossing the road, 
she had been hit on the side of the head by a bus. Within 
an hour, she was found to have a large, dough-like swell
ing over the right temporal region. She also had signs of 
muscular paralysis on the left side of the body. A lateral 
radiograph of the skull showed a fracture line running 
downward and forward across the anterior-inferior 
angle of the right parietal bone. Her coma deepened, 
and she died 5 hours after the accident. 

10. Select the most likely cause of the swelling over the 
right temporal region in this patient. 
(a) Superficial bruising of the skin 
(b) Hemorrhage from a blood vessel In the tempo-

ralis muscle 
(c) Rupture of the right middle meningeal vessels 
( d) Edema of the skin 
(e) Hemorrhage from a blood vessel in the super

ficial fascia 



11. Select the most likely cause of the muscular paraly
sis of the left side of the body In this patient. 
(a) Laceration of the right side of the cerebral 

hemisphere 
(b) Right-sided epidural hemorrhage 
(c) Left-sided epidural hemorrhage 
(d) Injury to the cerebral cortex on the left side of 

the brain 
(e) Injury to the right cerebellar hemisphere 

A 69-year-old man was admitted to the neurology unit 
complaining of severe discomfort of the lower back. 
Radiologic examination of the lumbar region of the 
vertebral column revealed significant narrowing of the 
spinal canal caused by advanced osteoarthritis. 

12. Explain the discomfort In the lower back experi
enced by this patient. 
(a) Muscle fatigue 
(b) Prolapsed lntervertebral disc 
(c) Tom ligament In the joints of the lumbar region 

of the spine 
(d) Compression of the cauda equina 
( e) Bad posture 
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Later, In this same patient, the back pain became more 
severe and now radiated down the back of the left leg; 
the patient was also experiencing difficulty walking. 
Examination of the patient revealed weakness and some 
wasting of the muscles of the left leg. Radiologic exam
ination showed that the osteoarthritic changes had 
spread to involve the boundaries of many of the lumbar 
intervertebral foramlna. 

13. Explain the change in the symptoms and signs 
found in this patient. 
(a) The sciatic nerve was compressed in the pelvis 

by a spreading rectal cancer. 
(b) The patient had developed advanced athero

sclerosis of the arteries of the right lower limb. 
( c) The osteoarthrttlc process had produced osteo

phytes that encroached on the intervertebral 
foramina, compressing the segmental spinal 
nerve roots. 

(d) Neuritis had developed In the sciatic nerve 
trunk. 

(e) The patient was experiencing psychiatric prob
lems. 

9 Answers and Explanations to Review Questions 

1. C is correct. Anterior and posterior roots of a single 
spinal nerve are attached to a single spinal cord 
segment. A. The spinal cord has an outer covering 
of white matter and an Inner core of gray matter 
(see Fig. 1-5). B. The spinal cord tapers off below to 
form the conus medullaris. D. The cells in the pos
terior gray horn of the spinal cord are associated 
with sensory function (seep. 139). E. The central 
canal of the spinal cord Is situated in the gray com
missure (see Fig. 1-6). 

2. E is correct. The lower end of the medulla oblongata 
ls directly continuous with the spinal cord In the 
foramen magnum (see Fig. 1-4). A. The medulla oblon
gata Is conical In shape (see Fig. 1-8). B. The medulla 
oblongata has the fourth ventricle lying posterior 
to Its upper part. C. The medulla oblongata has the 
pons directly continuous with Its upper border. D. 
The medulla oblongata has a central canal in its lower 
part that is continuous with that of the spinal cord. 

3. A is correct. The midbrain has a cavity called the 
cerebral aqueduct. B. The midbrain is of small 
size (see Fig. 1-1). C. The midbrain is completely 
surrounded with CSF ln the subarachnoid space 
(see Fig. l-2A). D. The mtdbrain has a cavity called 
the cerebral aqueduct, which opens above into the 
third ventricle (see Fig. 1-10). E. The midbrain Is 
located In the posterior cranial fossa. 

4. C Is correct. The vermls ls the name given to that part 
of the cerebellum joining the cerebellar hemispheres 
together (see Fig. 6-2). A. The cerebellum lies in the 
posterior cranial fossa (see Fig. 1-7). B. The cerebellar 
cortex is composed of gray matter (see Fig. 1-10). D. 

The cerebellum lies posterior to the fourth ventricle 
(see Fig. 1-10). E. The dentate nucleus ls a mass of 
gray matter found In each cerebellar hemisphere 
(see Fig. 6-7). 

5. D is correct. The internal capsule is an import
ant collection of ascending and descending nerve 
fibers, which has the caudate nucleus and the thal
amus on its medial side and the lentifonn nucleus 
on its lateral side (see Fig. 1-13). A. The cerebral 
hemispheres are separated by a vertical, saglttally 
placed fibrous septum called the falx cerebrl. The 
tentorium cerebelll ls horizontally placed and roofs 
over the posterior cranial Iossa and separates the 
cerebellum from the occipital lobes of the cere
brum (see Fig. 15-1). B. The lobes of the cerebral 
hemisphere are named for the skull bones they lie 
under. C. The corpus callosum is a mass of white 
matter lying within each cerebral hemisphere (see 
Fig. 1-10). E. The cavity present within each cerebral 
hemisphere is called the lateral ventricle. 

6. B is correct. There are 8 pairs of cervical spinal 
nerves (only 7 cervical vertebrae). A. There are 
12 pairs of cranial nerves. C. The posterior root of 
a spinal nerve contains afferent nerve fibers. D. A 
spinal nerve ls formed by the union of an anterior 
and a posterior root In an intervertebral foramen. 
E. A posterior root ganglion contains the cell bodies 
of sensory nerve fibers entering the spinal cord. 

7. C ts correct. An MRI of the brain uses the magnet
ic properties of the hydrogen nucleus excited by 
radiofrequency radiation transmitted by a coil sur
rounding the patient's head (seep. 23). A. A CT brain 
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scan can distinguish between white and gray matter 
(see Fig. 1-22). B. The lateral ventricles communi
cate indirectly with the fourth ventricle through the 
interventricular foramen, the third ventricle, and the 
cerebral aqueduct of the midbrain (see Fig. 1-10). D. 
Following trauma and sudden movement of the brain 
within the skull, the large arteries at the base of the 
brain are rarely torn. E. The movement of the brain 
at the time of head injuries may stretch and damage 
the small delicate 6th cranial nerve (the small 4th 
cranial nerve may also be injured). 

8. B Is correct. With the patient In the recumbent posi
tion, the normal pressure of CSF is 60 to 150 mm of 
water. A. The CSF In the central canal of the spinal 
cord is able to enter the fourth ventricle through 
the central canal of the lower part of the medulla 
oblongata (see Fig. 1-2A). C. The CSF is important in 
protecting the brain and spinal cord from traumatic 
injury by dissipating the force (compare with the 
role of the amniotic fluid in protecting the fetus in 
the pregnant uterus). D. Compression of the inter
nal jugular vein in the neck raises the CSF pressure 
by inhibiting its absorption into the venous system. 
E. The subarachnold space Is filled with CSF; the 
potential subdural space contains only tissue fluid. 

9. E ls correct. The 3rd cervical vertebra lies opposite 
the 4th cervical spinal cord segment (see Table 1-3, 
p. 16). A. The 1st lumbar vertebra lies opposite the 
sacral and coccygeal spinal cord segments. B. The 
3rd thoracic vertebra lies opposite the 5th thoracic 

spinal cord segment. C. The 5th cervical vertebra 
lies opposite the 6th cervical spinal cord segment. 
D. The 8th thoracic vertebra lies opposite the I Ith 
thoracic spinal cord segment. 

10. C is correct. The swelling over the right temporal 
region and the radiologic finding of a linear frac
ture over the anterior-inferior angle of the right 
parietal bone would strongly suggest that the right 
middle meningeal artery had been damaged and an 
epidural ( extradural) hemorrhage had occurred. 
Blood had spread through the fracture line into the 
overlying temporalis muscle and soft tissue. 

11. B is correct. The left-sided paralysis (left hemiple
gia) was due to pressure exerted by the right-sided 
epidural hemorrhage on the precentral gyrus of the 
right cerebral hemisphere. 

12. D is correct. In persons in whom the spinal canal 
was originally small, significant narrowing of the 
canal In the lumbar region can lead to neurologic 
compression of the cauda equina with pain radiat
ing to the back, as in this patient. 

13. C is correct. One of the complications of osteo
arthritis of the vertebral column is the growth of 
osteophytes, which commonly encroach on the 
intervertebral foramina, causing pain along the dis
tribution of the segmental nerve. In this patient, the 
segmental nerves L4-L5 and Sl-53, which form the 
important sciatic nerve, were involved. This would 
explain the pain radiating down the left leg and the 
atrophy of the leg muscles. 
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CHAPTER OBJECTIVES 

• To define the neuron and name Its processes 

• To learn the varieties of neurons and Identify them 
in different parts of the nervous system 

• To review the cell biology of a neuron and widerstand 
the function of a nerve cell and its processes 

• To review the structure of the plasma membrane as it 
Is related to Its physiology 

A 38-year-old man with a history of involuntary move
ments, personality changes, and mental deterioration is 
referred to a neurologist. The symptoms started insidi
ously 8 years ago and are getting progressively worse. The 
first symptoms are involuntary, abrupt, and purposeless 
movements of the upper limbs associated with dumsiness 
and dropping things. At presentation, the patient has dif
ficulty walking, speaking, and swallowing. Associated with 
these movement defects are memory impairment and loss 
of intellectual capacity. Impulsive behavior and bouts of 
depression also occur. Close questioning of the patient 
and his wife reveals that the patient's father and his older 
brother had similar symptoms before they died. A diagno
sis of Huntington disease is made. 

NEURONS 
Neuron is the name given to the nerve cell and all its 
processes (Fig. 2-1). Neurons are excitable cells that are 
specialized for the reception of stimuli and the conduc
tion of the nerve impulse. They vary considerably in 
size and shape, but each possesses a cell body from 
which one or more processes called neurltes project 
(Fig. 2-2). Neurites responsible for receiving information 
and conducting it toward the cell body are dendrites. 
The single long tubular neurite that conducts impulses 
away from the cell body is the uon. Dendrites and 
axons are commonly referred to as nerve ti.hen. 

Neurons are found in the brain and spinal cord and 
in ganglia. Unlike most other cells in the body, normal 

• To learn the transport of materials from the cell body 
to the axon terminals 

• To understand the structure and function of synapses 
and neurotransmitters 

• To review the supporting fwtction of the neuroglial 
cells for nerve cells and the possible role that they 
play In neuronal metabolism, fwiction, and neuronal 
death 

Huntington disease is an autosomal-dominant disorder 
with the defect localized to the short arm of chromosome 
4. Histologically, the eaudate nucleus and the putamen 
show extensive degeneration, mainly involving the acetyl
choline and y.aminobutyric acid (GABA)-producing neu
rons; the dopamine neurons are unaffected. Secondary 
degeneration of the cerebral cortex also occurs. This ease 
is an example of a hereditary disorder that mainly involves 
a particular group of neurons. 

The purpose of this chapter is to help students understand 
how the basic excitable cell-the neuron--communicates 
with other neurons. It also considers certain injuries to the 
neuron and the effects of drugs on the mechanism by which 
neurons communicate with one another. 

neurons in the mature individual do not undergo division 
and replication. 

Neuron Types 
Although the cell body of a neW'On may be as small as 
5 µm or as large as 135 µm in diameter, the processes 
or neurites may extend over a distance of more than 
1 m. Neurons can be classified morphologically based 
on the number, length, and mode of branching of their 
neurites (Fig. 2-3). 

Unipolar neurons have a single neurlte that divides 
a short distance from the cell body into two branches, 
one proceeding to some peripheral structure and the 
other entering the central nervous system (CNS). The 

33 
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Axon hillod< 

--~ Axon __ _,_--

Figure 2·1 A neuron. 

branches of this single neurite have the structural and 
functional characteristics of an axon. In this type of neu
ron, the fine terminal branches found at the peripheral 
end of the axon at the receptor site are often referred 
to as the dendrites. Examples of this form of neuron are 
found in the posterior root ganglion. 

Blpolar neurons have an elongated cell body, with 
a single neurlte emerging from each end. Examples of 
this type of neuron are found in the retinal bipolar cells 
and the cells of the sensory cochlear and vestibular 
ganglia. 

Multipolar neurou have a number of neurites aris
ing from the cell body. With the exception of the long 
process, the axon, the remainder of the neurites are 
dendrites. Most neurons of the brain and spinal cord 
are of this type. 

Neurons may also be classified according to size. 
GoJgl type I neurou have a long axon that can stretch 

Flgwe 2-2 Photomicrograph of a smear preparation of the 
spinal cord showing a neuron with its cell body and its pro
cesses or neurites. 

1 m or more in length In extreme cases (Figs. 2-4 to 2-6). 
The axons of these neurons form the long fiber tracts 
of the brain and spinal cord and the nerve fibers of 
peripheral nerves. The pyramidal cells of the cerebral 
cortex. the Purkinje cells of the cerebellar cortex. and 
the motor cells of the spinal cord are good examples. 

GoJgl type D neurons have a short axon that termi
nates in the neighborhood of the cell body or is entirely 
absent (Figs. 2-5 and 2-6). They greatly outnumber the 
Golgl type I neurons. The short dendrites that arise 
from these neurons give them a star-shaped appear
ance. These neurons are numerous in the cerebral and 
cerebellar cortex and are often Inhibitory in {unction. 
Table 2-1 summarizes neuronal classiflcatlon. 

Neuronal Structure 
A neuron's cell body, like that of other cells, consists 
essentially of a mass of cytoplasm in which a nucleus ts 
embedded (Figs. 2-7 and 2-8), bounded externally by a 
plasma membrane. 

Nerve Cell Body 
Interestingly, the volume of cytoplasm within the nerve 
cell body Is often far less than the total volwne of 
cytoplasm in the neurttes. The cell bodies of the small 
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Flgwe 2-3 The classification of neurons according to the number, length, and mode of branch
ing of the neurites. 

Figure 2-4 Photomicrograph 
of a silver-stained section of the 
cerebellar cortex showing two 
Purkinje cells. These are exam
ples of Golgi type I neurons. 
De, dendrite; PC, Purkinje cell; 
N, Nudeus. (From Gartner, L P.. 
(2018). Color atlas and text of 
histology (7th ed). Baltimore, MD: 
Wolters Kluwer.) 
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Lower motor neuron
splnal cord 

Pyramidal cell 
(upper motor neuron)

cerebral cortex 

Granule cell
oerebellar cortex 

Purklnje eel~ 
cerebellar cortex 

Figure 2..S Photomicrograph of a 
silver-stained section of the cerebral 
cortex. Note the presence of large pyra
midal cells, which are examples of Golgi 
type I neurons, and numerous Golgi type 
II neurons. (From Bear, M. F., Connors, 
B. W., & Paradiso, M.A. (2016). Neu
roscience: Exploring the brain (4th ed). 
Baltimore, MD: Wolters Kluwer.) 

Figure 2-6 Different types of neurons. 
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Table 2·1 Neuron Classification 

Number, Length, and Mode of Branching of Neurltes 

Unipolar Single neurite divides a short distance from Posterior root ganglion 
cell body 

Bipolar Single neurite emerges from either end of j Retina, sensory cochlea, and vestibular ganglia 
cell body 

Multipolar Many dendrites and one long axon --J Fiber tracts of brain and spinal cord, peripheral 
nerves, and motor cells of spinal cord 

Size of Neuron 

Golgi type I 
------

Single long axon Fiber tracts of brain and spinal cord, peripheral 
nerves, and motor cells of spinal cord 

Golgi type II Short axon that with dendrites resembles 
a star 

J Cerebral and cerebellar cortex 

granular cells of the cerebellar cortex measure about 
5 µm in diameter, whereas those of the large anterior 
horn cells may measure as much as 135 µm In diameter. 
The main structures of a nerve cell body are summa
rized in Table 2-2. 

Nacleu.s 
The nucleus, which stores the genes, is commonly 
centrally located within the cell body and ls typically 

large and rounded. Do not confuse the term nucleus in 
cytology with the term nucleus in neuroanatomy, which 
refers to a discrete group of nerve cell bodies ln the 
CNS. Jn mature neurons, the chromosomes no longer 
duplicate themselves and function only In gene expres
sion. Therefore, the chromosomes are not arranged as 
compact structures but exist in an uncoiled state. Thus, 
the nucleus is pale, and the fine chromatin granules are 
widely dispersed (Figs. 2-6 and 2-7). 

Body cf 
nerveoell 

Dendrite 

Figure 2-7 Photomicrograph of a section of the anterior gray column of the spinal cord showing 
two large motor nerve cells with nuclei. Note the prominent nucleolus in one of the nuclei. 
GL.. granular layer; ML, molecular layer. 



38 CHAPTER 2 Neurons and Neuroglia 

- Nucleus 
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Figure 2-8 Diagrammatic representation of the fine structure of a neuron. 

A single prominent nucleolus synthesizes ribosomal 
ribonucleic acid (rRNA) and assists with ribosome sub
unit assembly. The large size of the nucleolus probably 
is due to the high rate of protein synthesis, which is 
necessary to maintain the protein level in the large 
cytoplasmic volume that is present in the long neurites 
as well as In the cell body. 

In the female, one of the two X chromosomes is com
pact and ls !mown as the Barr body. lt ls composed 
of sex chromatin and sits at the inner surface of the 
nuclear envelope. 

The nuclear envelope (Fig. 2-9; also see Flg. 2-8) is 
continuous with the cytoplasmic rough, or granular, 
endoplasmic reticulum (RER). The envelope is double 
layered and possesses fine nuclear pores. through 
which materials can diffuse into and out of the nucleus. 
Therefore, the substance in the nucleus and the cyto
plasm can be considered. as functionally continuous. 
Newly formed ribosomal subunits can be passed Into 
the cytoplasm through the nuclear pores. 

Cytoplasm 
The cytoplasm is rich in rough (granular) and smooth 
(agranular) endoplasmic reticulum (Fig. 2-10; also see 
Fig. 2-9) and contains the following organelles and 
inclusions: (a) Nissl substance; (b) the Golgi complex; 
(c) mitochondria; (d) mlcrofllaments; (e) mlcrotubules; 
(f) lysosomes; (g) centrloles; and (h) llpofusctn, melanin, 
glycogen, and lipid. 

Nisei subatance consists of granules that are distrib
uted throughout the cytoplasm of the cell body, except 
for the region close to the axon, called the u:oa hillock 
{Fig. 2-11). The granular material also extends Into the 
proximal parts of the dendrites but is not present in 
the axon. 

Electron micrographs show that the Nissl substance 
is composed of RER (Fig. 2-12) arranged in the form of 
broad cistemae stacked one on top of the other. Although 
many of the ribosomes are attached to the surface of 
the endoplasmic retlculwn, many more lle free in the 
intervals between the dstemae. Because the ribosomes 
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• 
Table 2-2 Main Structures in a Nerve Cell Body 

--
Nucleus Large, rounded Pale, chromatin widely Centrally placed, Controls cell activity 

scattered; single displaced to periphery 

I prominent nucleolus; Barr 
body pl'8Mnt in female 

in cell injury 

Cytoplasmic organelles I 
Nissl substance Granules of rough Broad cistemae; Throughout cytoplasm Synthesizes protein 

endoplasmic ribosomes are and proximal part of 
reticulum basophilic dendrites, absent from 

axon hillock and axon, 

I fatigue and injury 
result in concentration 
at periphery -- -

Golgi complex Wavy threads; Smooth endoplasmic Close to the nudeus Adds carbohydrate to 
clusters of reticulum protein molecule; 
flattened packages products 
cistemae and for transport to nerve 

_J 
small vesicles terminals; forms cell 

membranes 
- - - -

Mitochondria Spherical. rod Double membrane with Scattered Form chemical energy 
shaped cristae 

Neurofibrils Linear fibrils Run parallel to each Run from dendrites Determines the shape 
other; composed through cell body to of the neuron 

I bundles of axon 
microfilaments, each 
10 nm in diameter 

- __, 
Microfilaments Linear fibrils Filaments 3-5 nm in Form a dense network Role in formation and 

diameter beneath the plasma retraction of cell 

I membrane processes and in cell 

-- -----t - transport -
Microtubules Linear tubes Run between neurofibrils, Run from dendrites Cell transport 

25 nm in diameter through cell body to 
axon -- _., - --

Lysosomes Vesicles Diameter= 8 nm; three Throughout cell Cell scavengers 
forms: primary, secondary, 
and residual bodies -- ----1 - -

Centrioles Paired hollow Wall made up of bundles Confined to cytoplasm Take part in cell 
cylinders of microtubules of cell body division; maintain 

microtubules -- _., -
Lipofuscin Granules Yellowish brown Scattered through Metabolic by product 

-- - - -- cytoplasm 
~ - -

Melanin I Granules Yellowish brown Substantia nigra of Related to formation of 
midbrain dopamine 

contain RNA, the Nlssl substance is basophilic and can 
be well demonstrated by staining with toluidlne blue or 
other basic aniline dyes (Fig. 2-11) and using the light 
microscope. 

which gives the impression that the Niss! substance has 
disappeared, ls known as chromatolyela. 

The Nissl substance is responsible for synthesizing 
protein, which flows along the dendrites and the axon 
and replaces the proteins that are broken down during 
cellular actlvtty. Fatigue or neuronal damage causes 
the Niss! substance to move and become concentrated 
at the periphery of the cytoplasm. This phenomenon, 

The GoJgl complex, when seen with the light micro
scope after staining with a silver-osmium method, 
appears as a network of irregular wavy threads around 
the nucleus. In electron micrographs, it appears as clus
ters of flattened cistemae and small vesicles made up of 
smooth endoplasmic reticulum (SER) (Figs. 2-8 and 2-9). 

The protein produced by the Niss! substance Is trans
ferred to the inside of the Golgl complex in transport 
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Rough endaplallmic taliculum Mitochondria 

Rough andoplasmlc retfculum 

Figure 2-9 Electron micrograph of a neuron 
showing the structure of the nucleus and a 
number of cytoplasmic organelles. (Courtesy 
Dr. J. M. Kerns.) 

~ Plasma 
membrane 

Figure 2·10 Electron micrograph of a neuron showing nuclear and plasma membranes and 
cytoplasmic organelles. (Courtesy Dr. J. M. Kerns.) 



Axon hillock 

vesicles, where it is temporarily stored and where 
carbohydrate may be added to the protein to form 
glycoproteins. The proteins are believed. to travel from 
one clsterna to another vta transport veslcles. Each 
clstema of the Golgl complex Is specialized for different 
types of enzymatic reaction. At the trans side of the 
complex, the macromolecules are packaged. 1n vesicles 
for transport to the nerve terminals. The Golgl. complex 
ls also thought to be active In lysosome production and 
in the synthesis of cell membranes. The latter function 

Nl881 substance 
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Figure 2-11 Photomicrograph of a section 
of the anterior gray column of the spinal 
cord stained with toluidine blue. Note the 
presence of dark-staining Nissl substance in 
the cytoplasm of four neurons. 

is particularly important in the formation of synaptic 
vesicles at the axon terminals. 

Mitochondria are found scattered throughout the 
cell body, dendrites, and axons (Figs. 2-8 and 2-9). They 
are spherical or rod shaped. 1n electron mtcrographs, 
the walls show a characteristic double membrane. The 
inner membrane Is thrown into folds or crlstae that 
project Into the center of the mltochondrion. Mitochon
dria possess many enzymes, which are localized. chiefly 
on the inner mitochondrial membrane. These enzymes 

Fl9ure 2·12 Electron micrograph of 
the cytoplasm of two neurons showing 
the structure of Niss! bodies (substance). 
(Courtesy Dr. J. M. Kerns.) 
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Figure 2-13 Photomicrograph of a silver-stained section 
of a neuron showing the presence of large numbers of neu
rofibrils in the cytoplasm of the cell body and the neurites. 

Neurolllaments 

A Mk:l'otubules B Mlcrotubules 

take part In the tttcarbox.yllc acid cycle and the cyto
chrome chains of respiration. Therefore, mitochondria 
are Important in nerve cells, as in other cells, in the 
production of energy. 

Neuroflbrlls1 as seen with the light microscope after 
staining with silver, are numerous and run parallel 
to each other through the cell body into the neurltes 
(Fig. 2-13). With the electron microscope, the neuro
fibrils resolve into bundles of neurofllament.-each 
filament measuring about 10 nm in diameter (Fig. 2-14). 
The neurofilaments form the main component of the 
cytoskeleton. Chemically, neurofilaments are very sta
ble and belong to the cytokeratln family. 

MlcrofllamentB measw-e about 3 to 5 nm In diameter 
and are formed of actln. Mlcrofllaments are concen
trated at the periphery of the cytoplasm just beneath 
the plasma membrane where they form a dense net
work.. Together with microtubules, microfilaments play 
a key role In the formation of new cell processes and 
the retraction of old ones. They also assist the microtu
bules 1n axon transport. 

Mlcrotubulee are similar to those seen in other 
types of cells. They measure about 25 run in diameter 
and are found interspersed among the neurofilaments 
(Fig. 2-14). They extend throughout the cell body and 
its processes. In the axon, all the microtubules are 
arranged in parallel, with one end pointing to the cell 
body and the other end pointing distally away from the 
cell body. 

Neu roll laments 

Figure 2-14 Electron micro
graph of dendrites showing 
the presence of neurofila
ments and microtubules within 
their cytoplasm. A: Longitu
dinal section of two adjacent 
dendrites. B: Transverse sec
tion of a dendrite. (Courtesy 
Dr. J.M. Kerns.) 



Mlcrotubules and mlcrofllaments provide a station
ary track that permits speclflc organelles to move by 
molecular motors. The stop-and-start movement ls 
caused by the perlodlc dissociation of the organelles 
from the track or the collision with other structures. 

Cell transport involves the movement of membrane 
organelles, secretory material, synaptic pre<:ursor mem
branes, large dense core vesicles, mitochondria, and SER. 

Cell transport can take place in both directions 
in the cell body and its processes. Rapid tramport 
(100 to 400 mm/day) is mediated by two motor pro
teins associated with the microtubule adenosine tri
phosphate (ATP}ase sites. In anterograde (away from the 
cell) movement, Jdnelln.coated. organelles are thought to 
move toward one end of the tubule, and, in retrograde 
(toward the cell) movement, dyneln-coated organelles 
are thought to move toward the other end of the tubule. 
The direction and speed of the movement of an organ
elle can be brought about by the activation of one of the 
motor proteins or of both simultaneously. 

Slow tramport (0.1 to 3.0 mm/day) Involves the bulk 
movement of the cytoplasm and includes the move
ment of mitochondria and other organelles. Slow axonal 
transport occurs only in the anterograde direction. The 
molecular motor has not been identified but is probably 
one of the kinesin families. 

LyBosomea are membrane-bound vesicles measuring 
about 8 nm in diameter. They serve the cell by act
ing as Intracellular scavengers and contain hydrolyUc 
enzymes. They are formed by the budding off of the Golgt 
apparatus. Lysosomes exist In three forms: (1) primary 
ly&0&0mee, which have just been formed; (2) aeconclary 
ly&0&0mea, which contain partially digested material 
(myelln figures); and (3) reeldual bodtes. In which the 
enzymes are inactive and the bodies have evolved from 
digestible materials such as pigment and lipid. 

Centrlolea are small, paired structures found in imma
ture dividing nerve cells. Each centriole is a hollow cylin
der whose wall is made up of microtubule bundles. They 
are associated with the formation of the spindle during 
cell division and in the formation of mlcrotubules. Centrio
les are also found in mature nerve cells, where they are 
likely involved in the maintenance of mlcrotubules. 

UpofUldn (pigment material) occurs as yellowish
brown granules within the cytoplasm (Fig. 2-15). It prob
ably forms as the result of lysosomal activity, and lt 
represents a harmless metabolic byproduct. Llpofuscin 
accumulates with age. 

Melanin granule. are found in the cytoplasm of cells 
in certain parts of the brain (e.g., the substantia nigra 
of the midbrain). Their presence may be related to the 
catecholamine-synthesizing ability of these neurons, 
whose neurotransmitter ls dopamine. 

Pluma Membrane 

The plasma membrane forms the continuous external 
boundary of the cell body and its processes, and, in the 
neuron, lt ls the slte for the initiation and conduction of 
the nerve Impulse (Figs. 2-10 and 2-14). The membrane 
ls about 8 nm thick, which is too thin to be seen with 
the Ught microscope. When viewed under the electron 
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Figure 2-15 Photomicrograph of a longitudinal section 
of a posterior root ganglion showing the presence of lipo
fuscin granules within 1he cytoplasm of sensory neurons. 
Ne, neutrophil; arrow, red blood cell; SS, satellite cells; N, 
nudeus; n, nucleolus; Li, lipofuscin; BV, blood vessel.(From 
Gartner, L P. (2018). Color atlas and text of histology (7th 
ed). Baltimore, MD: Wolters Kluwer.) 

microscope, the plasma membrane appears as two dark 
lines with a light line between them. 

The plasma membrane is composed of an inner and 
an outer layer of very loosely arranged protein mole
cules, each layer being about 2.5 nm thick, separated 
by a middle layer of lipid about 3 nm thick. The lipid 
layer ls made up of two rows of phospholtpld molecules 
arranged so that their hydrophobic ends are in contact 
with each other and their polar ends are in contact with 
the protein layers. Certain protein molecules lie within 
the phosphollpld layer and span the entire width of the 
llpld layer. These molecules provide the membrane with 
hydrophilic channels through which Inorganic tons may 
enter and leave the cell. Carbohydrate molecules are 
attached to the outside of the plasma membrane and 
are linked to the proteins or the lipids, forming what is 
known as the cell coat or glycocalyx. 

The plasma membrane and the cell coat together 
form a semipermeable membrane that allows dlHuslon 
of certain ions through It but restricts others. in the 
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Flgunt 2·16 Ionic and electrical changes that occur in a neuron when it is stimulated. 

resting state (unstimulated state), K+ ions diffuse through 
the plasma membrane from the cell cytoplasm to the tis
sue fluid (Fig. 2-16). The permeability of the membrane 
to K• tons ts much greater than that to Na+ tons; thus, the 
passive efflux of K:+ ts much greater than the Influx of Na+. 
This results in a steady potential difference of about 
280 mV, which can be measured across the plasma mem
brane because the lnslde of the membrane is negative 
with respect to the outside. This potential is known as 
the res1lng potential. 

Membrane Excitation and Condaction 
In the resting unstimulated state, a nerve fiber is polar
ized so that the interior is negative to the exterior; 
the potential difference across the plasma membrane 
(a:xolemma) ts about -80 mV and Is called the resdng 
membrane potential (Fig. 2-17). 

When the nerve cell is excited (stimulated) by elec
trical, mechanical, or chemical means, a rapid change 
in membrane permeability to Na• Ions takes place, and 
Na+ tons diffuse through the plasma membrane Into 
the cell cytoplasm from the tissue fluid. This results 1n 
the membrane becoming progressively depolarized. The 
sudden influx of Na+ Ions followed by the altered polar
ity produces an action potential (AP), which ls approxi
mately 140 mV. This potential is very brief, lasting about 
5 msec. The Increased membrane permeability for Na• 
ions quickly ceases, and membrane permeability for K .. 
ions increases. Therefore, K• ions start to flow from the 
cell cytoplasm and return the localized area of the cell 
to the resting state. 

A nerve Impulse (AP) starts at the Initial segment 
of the axon and Is a self-propagating wave of electri
cal negativity that passes rapidly along the surface of 
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Figure 2-17 Ionic and electrical changes tnat occur in a nerve fiber wnen it is conducting 
an impulse. 

the axolemma. Once generated, the AP spreads away 
from the site of initiation and is conducted along 
neurltes as the nerve lm.puhle. The wave of electrical 
negativity is initiated by an adequate stimulus being 
applied to the surface of the neuron (Fig. 2-18). Under 
normal circumstances, this occurs at the initial seg
ment of the axon, which is the most sensitive part of 
the neuron. The stimulus alters the permeability of 
the membrane to Na+ Ions at the point of stimulation. 
Now, Na+ Ions rapidly enter the axon (Fig. 2-17). The 
positive ions outside the axolemma quickly decrease 
to zero. Therefore, the membrane potential is reduced 
to zero and is said to be depolarized. A typical resting 
potential is--80 mV, with the outside of the membrane 
positive to the inside; the AP Is about 140 mV, with 
the outside of the membrane negative to the Inside. In 
small-diameter axons, the AP may not rise to as much 
as40 mV. 

The negatively charged point on the outside of the 
axolemma now acts as a stimulus to the adjacent posi
tively charged axolemma, and, In less than 1 msec, the 
polarity of the adjacent resting potential ls reversed. 
The AP now has moved along the axolemma from the 
point originally stimulated to the adjacent point on the 

membrane. In this manner, the AP travels along the full 
length of a nerve Uber to its end. 

As the AP moves along the nerve fiber, entry of the 
Na+ ions into the axon ceases, and the permeability of the 
axolemma to K'" ions increases. Now, K+ Ions rapidly dif
fuse outside the axon because the concentration ls much 
higher within the axon than outside so that the original 
resting membrane potential ls restored. The permeability 
of the axolemma now decreases, and the status quo ls 
restored by the active transport of the Na+ tons out of 
the axon and the K" ions into the axon. The outer surface 
of the axolemma is again electrically positive compared 
with that of the inner surface. This is a simplistic descrip
tion of the movements of the Na+ and K+ ions. (For further 
details on the voltage-gated Na+ and K'" channels, the Na+ 
and K+ pumps, and the Na+ and K+ leak channels, refer to 
a textbook of physiology.) 

For a short time after the passage of a nerve impulse 
along a nerve fiber, while the axolemma Is still depo
larized, a second stimulus, however strong, Is unable 
to ex.cite the nerve. This period of time Is called the 
abllolute refractory perlod. The underlying reason for 
the refractory period ls that the Na+ channels become 
inactivated, and no stimulation, however strong, will 
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Figure 2-18 Creation of the action potential by the arrival 
of a stimulus from a single presynaptic terminal. Note that 
1he action potential generated at 1he initial segment will only 
occur if the threshold for excitation is reached at 1he initial 
segment. (From Snell, R. S. Clinical neuroanatomy: A review 
with questions and explanations (3rd ed., p. 7). Baltimore, 
MD: Lippincott Williams & Wilkins.) 
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Figure 2-19 Ionic and electrical changes that occur in a 
neuron during hyperpolarization. 

open the Na+ gates. This period Is followed by a further 
short Interval during which the excitability of the nerve 
gradually retwns to normal. This latter period Is called 
the relallve refractory pedocl. Therefore, the refractory 
period makes a continuous excitatory state of the nerve 
impossible and limits the frequency of the impulses. 

The greater the strength of the initial stimulus, the 
larger the initial depolarization and the greater will be 
the spread into the surrounding areas of the plasma 
membrane. Multiple excitatory stimuli applied to a neu
ron's surface result in 111mma1fon. For example, sub
threshold stimuli may pass over the surface of the cell 
body and be summated at the origin of the axon and so 
initiate an AP. Inhibitory stimuli are believed to produce 
their effect by causing an influx of c1- Ions through the 
plasma membrane into the neuron, thus producing 
hyperpolarlzation and reducing the excitatory state of 
the cell (Fig. 2-19). 

The conduction velocity of a nerve fiber is propor
tional to the cross-sectional area of the axon, with the 
thicker fibers conducting more rapidly than those of 
smaller diameter. In the large motor fibers (a fibers), the 
rate may be as high as 70 to 120 m/s; the smaller sensory 
fibers have slower conduction rates (Table 2-3). 

Table 2-3 Classification of Nerve Fibers by Speed of Conduction and Size 

A Fibers 

a 70-120 12-20 Motor, skeletal muscle I Yes Least 

_ P 40-70 
------r-

5-12 Sensory, touch, pressure, vibration Yes 

'Y 10-50 3-6 Muscle spindle Yes 
-

s 6-30 2-5 Pain (sharp, localized}, temperature, touch Yes ._ 
B Fibers 3-15 ~ Preganglionic autonomic Yes 

C Fibers I o.5-2.o 0.4-1.2 Pain (diffuse, deep}, temperature, postganglionic: autonomic I No 
-

Most 
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Myelinated axon 

Figure 2-20 Electrical changes that occur in stimulated myelinated axon (saltatory 
conduction) (A.) and stimulated nonmyelinated axon (8). 

In norunyelinated fibers, the AP passes continuously 
along the ax:olemma. progressively exciting neigh
boring areas of membrane (Ftg. 2-20). In myellnated 
fibers, the presence of a myelln sheath serves as an 
Insulator, and few Ions can flow through the sheath. 
Consequently, a myelinated nerve fiber can be stimu
lated only at the nodes of Ranvler, where the axon Is 
naked and the ions can pass freely through the plasma 
membrane between the extracellular fluid and the 
axoplasm. In these fibers, the AP jumps from one node 
to the next. The AP at one node sets up a current in 
the surrounding tissue fluid, which quickly produces 
depolarization at the next node. This leaping of the AP 
from one node to the next is referred to as saltatory 
conduction. This is a more rapid mechanism than is 
found In nonmyellnated fibers (120.0 m/s In a large 
myeUnated fiber compared with 0.5 m/s 1n a very small 
unmyeltnated fiber). 

Sodium and Pota.s•lam Channels 
Sodium and potassium channels, through which the 
sodium and potassium ions diffuse through the plasma 
membrane, are formed of the protein molecules that 
extend through the full thickness of the plasma mem
brane (Fig. 2-21). Why a particular channel permits the 
passage of K+ ions while ex.eluding Na+ ions is difficult to 
explain. The selectivity cannot be due to the diameter 
of the ions, insofar as the K:'" Ion ts larger than the Na+ 
Ion. However, the movement of Ions In solution depends 
not only on the size of the Ion but also on the size of the 

shell of water surrounding it. K+ ions have weaker elec
tric fields than Na+ ions; thus, K+ ions attract less water 
than Na+ Ions. Therefore, K+ lons behave as If they are 
smaller than Na+ ions. However, this physlcochemlcal 
explanation does not entirely account for why a chan
nel Is selective. The channels may have narrow regions 
along their length that act as sieves or molecular filters. 
The Ions may also participate in electrostatic interac
tions with the amino acid residues lining the walls of 
the channel. 

Ion channel proteins are relatively stable, but they 
exist in at least two conformational states, open and 
closed functional states. The mechanism responsi
ble for the opening and closing of a channel is not 
understood but can be thought of as a gate. Gadng 
may Involve the twisting and distortion of the chan
nel, thus creating a wider or narrower lumen. Gating 
appears to occur In response to such stimuli as volt
age change, the presence of a ligand, or stretch or 
pressure. 

In the nonstlmulated state, potassium channel gates 
are open wider than sodium channel gates, which are 
nearly closed. This permits the K+ Ions to diffuse out of 
the cell cytoplasm more readily than the Na+ ions can 
diffuse in. In the stimulated state, the sodium channel 
gates are at first wide open; then, the potassium chan
nel gates are opened, and the sodium channel gates are 
nearly closed again. The opening and closing of these 
channels Is thought to produce the depolarization and 
repolarizatlon of the plasma membrane. 
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Figure 2-21 Ionic permeability of the plasma membrane. Diagram shows the interactions of the 
ions with water, the membrane lipid bilayer, and the ion channels. 

Nerve Cell Pn>eenff 

Neurttes-the processes of a nerve cell-may be 
divided Into dendrites and an axon. 

Dencldte8 are the short processes of the cell body 
(Fig. 2-22). Their diameter tapers as they extend from 
the cell body. and they often branch profusely. In many 
neurons, the finer branches bear large numbers of small 
projedlons called dendrltic aplnes. The cytoplasm of 
the dendrites closely resembles that of the cell body and 
contains Nissl granules, mitochondria. microtubules, 
microfilaments, ribosomes, and SER. Dendrites are exten
sions of the cell body to increase the surface area for the 
reception of axons from other neurons. Essentially, they 
conduct the nerve Impulse toward the cell body. 

During early embryonic development. dendrites are 
overproduced.. Later, they are reduced in number and 
size in response to altered functional demand from 
afferent axons. Evidence shows that dendrites remain 
plastic throughout life and elongate and branch or con
tract in response to afferent activity. 

The axon is the longest process of the cell body. 
It arises from a small conical elevation on the cell 
body, devoid of Nissl granules, called the axon hillock 
(Fig. 2-23; also see Fig. 2-8). Occasionally, an axon arises 
from the proximal part of a dendrite. An axon is tubular 
and Is uniform In diameter; it tends to have a smooth 
surface. 

Axons usually do not branch close to the cell body; 
collateral branches may occur along their length. 
Shortly before their termination, axons commonly 
branch profusely. The distal ends of the terminal 
branches of the axons are often enlarged; they are 
called terminals (Fig. 2-24). Some axons (especially 
those of autonomic nerves) show a series of swellings 
resembling a string of beads near their termination; 
these swellings are called varlcolltiee. 

Axons may be very short (0.1 mm), as seen in many 
neurons of the CNS, or extremely long (3.0 m), as seen 
when they extend from a peripheral receptor in the skin 
of the toe to the spinal cord and thence to the brain. 

Axon diameter varies considerably with different 
neurons. Those of larger diameter conduct impulses 
rapidly, and those of smaller diameter conduct impulses 
very slowly. 

The plasma membrane bounding the axon ls called 
the uolemma; the cytoplasm of the axon ls the axo
plum. Unlike the cytoplasm of the cell body, axoplasm 
lacks Nissl granules and a Golgt complex. The sites for 
the production of protein, namely RNA and ribosomes, 
are absent. Thus, axonal survival depends on the trans
port of substances from the cell bodies. 

The Initial aegment of the axon is the first 50 to 
100 µ.m. after it leaves the axon hillock of the nerve 
cell body (Fig. 2-23). This is the most excitable part 
of the axon and ls the site at which an AP originates. 
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Flgw. 2-22 .A: Light photomicrograph of a motor neuron in the anterior gray column of the spinal 
cord showing the nerve cell body, two dendrites, and the surrounding neuropil. B: Electron micrograph 
of a dendrite showing axodendritic synapses. (Courtesy Dr. J. M. Kerns.) 

Remember that, wider normal conditions, an AP does 
not originate on the plasma membrane of the cell body 
but, Instead, always at the Initial segment. 

An axon always conducts impulses away from the 
cell body. The axons of sensory posterior root ganglion 
cells are an exception; here, the long neurite, which 
is Indistinguishable from an axon, carries the impulse 
toward the cell body. (See Wllpolar neurons, p. 33.) 

Axon Transport 
Materials are transported from the cell body to the 
axon terminals (anterograde transport) and to a lesser 
extent in the opposite direction (retrograde tramport). 

Fut anterograde transport of 100 to 400 mm/day 
refers to the transport of proteins and transmitter 
substances or their precursors. Slow anterograde 
tramport of 0.1 to 3.0 nun/day refers to the transport 

of axoplasm and includes the microfilaments and micro
tubules. 

Retrograde ll'alUlpOrt explains how the cell bodies of 
nerve cells respond to changes in the distal end of the 
axons. For example, activated growth factor receptors 
can be carried along the axon to their site of action in 
the nucleus. Pinocytotlc vesicles arising at the axon 
terminals can be quickly returned to the cell body. 
Worn-out organelles can be returned to the cell body for 
breakdown by the lysosomes. 

Axon transport is brought about by microtubules 
assisted by the microfilaments. 

Synapses 
The nervous system consists of a large nwnber of 
neurons that are linked together to form functional 
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Flsure 2-23 Electron micrograph of a longitudinal section of a neuron from the cerebral cortex 
showing the detailed structure of the region of the axon hillock and the initial segment of the 
axon. Note the absence of Nissl substance (rough endoplasmic reticulum) in the axon hillock and 
the presence of numerous microtubules in the axoplasm. Note also the axon terminals (am>ws) 
forming axoax.onal synapses with the initial segment of the axon. (Courtesy Dr. A. Peters.) 

conducting pathways. The site where two neurons (or 
a neuron and a skeletal muscle or gland cell) come Into 
close proximity and functional intemeuronal commu
nication occurs ls referred to as a sympee (Fig. 2-25). 
Most neurons may make synapse with 1,000 or more 
other neurons and may receive up to 10,000 connec
tions from other neurons. Communication at a synapse, 
under physiologic conditions, takes place in one direc
tion only. Synapses occur in a number of forms. The 
most common type is that which occurs between an 
axon of one neuron and the dendrite or cell body of the 
second neuron. As the axon approaches the synapse, it 
may have a terminal expansion {bouton terminal), or It 
may have a series of expansions (bouton de passage), 
each of which makes synaptic contact. In other types 

of synapses, the axon synapses on the Initial segment 
of another axon-that is, proximal to where the myelln 
sheath begins-or synapses may exist between termi
nal expansions from different neurons. Depending on 
the site of the synapse, they are referred to as u:oden· 
drllic, uoeomatlc. or u:ouonlc. 

How an axon terminates varies considerably in differ
ent parts of the nervous system. For example, a single 
axon may terminate on a single neuron, or a single axon 
may synapse with multiple neurons, as in the case of 
the parallel fibers of the cerebellar cortex synapsing 
with multiple Purkinje cells. In the same way, a single 
neuron may have synaptic Jwictlons with axons of 
many different neurons. The arrangement of these syn
apses wlll determine the means by which a neuron can 
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Figure 2-24 Electron micrograph showing multiple axodendritic synapses. Note the presence 
of large numbers of presynaptic vesicles within the axons. The definition has come to include 
the site at which a neuron comes into close proximity with a skeletal muscle cell and functional 
communication occurs. (Courtesy Dr. J. M. Kems.) 

be stimulated or inhibited. Synaptic spines, extensions 
of the surface of a neuron, form receptive sites for syn
aptic contact with afferent boutons. 

Synapses are of two types: chemical and electrical. 
Most synapses are chemical, in which a chemical sub
stance, the neurotraDJmitter, passes across the narrow 
space between the cells and bec::omes attached to a 
protein molecule in the postsynaptic membrane called 
the receptor. 

In most chemical synapses, several neurotransmit
ters may be present. One neurotransmitter ls usually 
the principal activator and acts directly on the postsyn
aptlc membrane, while the other transmitters function 
as modulators and modify the activity of the principal 
transmitter. 

Chemical Synapses 
On examination with an electron microscope, syn
apses are seen to be areas of structural specialization 
(Fig. 2-26; also see Fig. 2-24). The apposed surfaces 
of the terminal axonal expansion and the neuron are 
called the preaynaptfc and po118yDaptlc membranes, 
respectively, and they are separated by a synaptic cleft 
measuring about 20 to 30 nm wide. The presynaptlc 
and postsynaptlc membranes are thickened, and the 

adjacent underlying cytoplasm shows increased density. 
On the presynaptlc side, the dense cytoplasm ls broken 
up into groups; on the postsynaptlc side, the density 
often extends into a subsynapdc web. Presynaplic ve&

lcles. mitochondria, and occasional lysosomes are pres
ent in the cytoplasm close to the presynaptic membrane 
(see Fig. 2-26). On the postsynaptic side, the cytoplasm 
often contains parallel cistemae. The synaptic cleft con
tains polysaccharides. 

The presynaptic terminal contains many small pre
synaptic vesicles that contain the molecules of the 
neurotransmitter(s). The vesicles fuse with the pre
synaptlc membrane and discharge the neurotransmit
ter(s) into the synaptic cleft by a process of exocytosls 
(Fig. 2-27). 

When synapses are first formed in the embryo, they 
are recognized as small zones of density separated by 
a synaptic cleft. Later, they mature into welklifferenUated 
structures. The presence of simple, undifferentiated syn
apses in the postnatal nervous system has led to the 
suggestion that synapses can be developed as required 
and possibly undergo atrophy when redundant. This 
plasticity of synapses may be of great importance in the 
process of learning and In the development and mainte
nance of memory. 
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Figure 2-25 A-D: Different types of chemical synapses. 

NearotramJmltters 
Presynaptlc vesicles and mitochondria play a key 
role in the release of neurotransmitter substances at 
synapses. The vesicles contain the neurotransmitter 
substance that is released into the synaptic cleft; the 
mitochondria provide ATP for the synthesis of new 
transmitter substance. 

Most neurons produce and release only one princi
pal transmitter at all their nerve endings. For example, 
acetylcholtne (ACh) ls widely used as a transmitter by 
different neurons In the central and peripheral parts 

of the nervous system, whereas dopamine Is released 
by neurons In the substantia nigra. Glycine, another 
transmitter, is found principally in synapses in the 
spinal cord. 

The following chemical substances act as neu
rotransmitters (many more exist): ACh, norepinephrine, 
epinephrine, dopamine, glycine, serotonin, GABA, enke
phalins, substance P, and glutamic acid. 

Note that all skeletal neuromuscular junctions use 
only ACh as the transmitter, whereas synapses between 
neurons use a large number of different transmitters. 
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Figure 2-26 High-power electmn micro
graph of axodendritic synapses showing 
the thickening of the cell membranes at the 
synaptic sites, presynaptic vesides, and the 
presence of mitochondria within the axons 
near their termination. (Courtesy Dr. J. M . 
Kerns.) 

NEUROTRANSMITTER ACTION 

All neurotransmitters are released from their nerve 
endings by the arrival of the nerve impulse (AP). This 
results in an influx of Cai+ ions, which causes the syn
aptic vesicles to fuse with the presynaptlc membrane. 
The new-otransmltters are then ejected Into the extra
cellular fluid in the synaptic cleft. Once in the cleft, they 
diffuse across the gap to the postsynaptlc membrane. 
There they achieve their objective by raising or lower
ing the resting potential of the postsynaptlc membrane 
for a brief period of time. 

The receptor proteins on the postsynaptic mem
brane bind the transmitter substance and undergo an 
immediate conformational change that opens the ion 
channel, generating an immediate but brief excitatory 
postsynaptic potential (EPSP) or an inhibitory postsyn
aptic potential (1PSP). The rapid excitation is seen with 
ACh (nicotinic) and L-glutamate, or the inhibition is seen 
with GABA (l'able 2-4). Other receptor proteins bind the 
transmitter substance and activate a second-messenger 
system, usually through a molecular transducer, a G 
protein. These receptors have a longer latent period, 
and the duration of the response may last several min
utes or longer. ACh (muscarlnlc), serotonin, histamine, 
neuropeptides, and adenoslne are good examples of 
this type of transmitter, which is often referred to as a 
neuromodulator (see next sedion, Neuromodulators). 

The excitatory and the inhibitory effects on the 
postsynaptic membrane of the neuron will depend 
on the summation of the postsynaptic responses at 
the different synapses. If the overall effect ls one of 
depolarization, the neuron wlll be excited, an AP wtll 
be Initiated at the Initial segment of the axon, and a 
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Tabl• 2-4 Examples of Principal {Classic) Neurotransmitters and Neuromodulators at Synapses 

Prtndpal Neurotran11m1tters 

ACh {nicotinic}, I Rapid excitation I Ion channel receptors I Opens cation channel (fast EPSP) 
L-glutamate 

Main sensory and 
motor systems 

GABA Rapid inhibition l Opens anion channel for c1- (fast IPSP) 

Neuromodulat:ors 

ACh (muscarinic}, r Modulation and I G protein-coupled 
sero!Dnin, histllmine, modification receptors 
adenosine of activity 

j Opens or closes K• or Ca2
• channels 

{slow IPSP and slow EPSP) 
Systems that 

control 
homeostasis 

'Note that the.sa an!t only a few examples of an ever-!n<:n!t.llslng number of known neurcmedtators. 
ACh, aartylcholine; GABA. y-aminobutyric acid; EPSP, excitatory pOltlynaplic potential; IPSP, inhibitory poetsynaptic potllntial. 

nerve impulse will travel along the axon. If, on the 
other hand, the overall effect is one of hyperpolar
ization, the neuron will be inhibited and no nerve 
Impulse will arise. 

NEUROTRANSMITIER OISTRIBllTION AND FATE 
The distribution of the neurotransmitters varies In dif
ferent parts of the nervous system. ACh, for example, 
Is found at the neuromuscular junction, in autonomic 
ganglia, and at parasympathetic nerve endings. In the 
CNS, the motor neuron collaterals to the Renlhaw cen. 
are cholinergic. In the hippocampus, the ascending 
reticular pathways. and the afferent fibers for the visual 
and auditory systems, the neurotransmitters are also 
cholinergic. 

Norephlepbrlne ts found at sympathetic nerve end
ings. in the CNS, it Is found in high concentration ln the 
hypothalamus. Dopamine ls found in high concentration 
In dlff erent parts of the CNS, such as In the basal nuclei 
(ganglia). 

The effect produced by a neurotransmitter ls llm
ited by its destruction or reabsorption. For example, 
in the case of ACh, the effect is limited by the destruc
tion of the transmitter in the synaptic cleft by the 
enzyme acetylchollneaterue (AChE) (Fig. 2-27). How
ever, with the catecholamines, the effect is limited by 
the return of the transmitter to the presynaptic nerve 
ending. 

Nearomodalators 
Interestingly, In many synapses, certain substances 
other than the principal neurotransmitters are ejected 
from the presynaptic membrane lnto the synaptic cleft. 
These substances are capable of modulating and mod
ifying the activity of the postsynaptlc neuron and are 
called neuromodulato19. 

NEUROMODULATOR ACTION 
Neuromodulators can coexist with the principal neu
rotransmitter at a single synapse. Usually, but not 
always, the neuromodulators are in separate presynap
tlc vesicles. Although the principal neurotransmitters 
have a rapid, brief effect on the postsynaptlc membrane 

on release into the synaptic cleft, neuromodulators 
do not have a dire<:t effect on the postsynaptic mem
brane. Rather, they enhance, prolong, inhibit, or limit 
the principal neurotransmitter's effect on the post
synaptic membrane. Neuromodulators act through a 
second-messenger system, usually through a molecular 
transducer, such as a G protein, and alter the response 
of the receptor to the neurotransmitter. In a given area 
of the nervous system, many different afferent neurons 
can release several different neuromodulators that 
affect the postsynaptic neuron. Such an arrangement 
can lead to a wide variety of responses, depending on 
input from the afferent neurons. 

Electrical Synap11u 
Electrical synapses are gap junctions containing 
channels that extend from the cytoplasm of the 
presynaptlc neuron to that of the postsynaptlc neu
ron: They are rare ln the human CNS. The neurons 
communicate electrically; a chemical transmitter 
ls not present. The bridging channels permit Ionic 
current flow to take place from one cell to the other 
with a minimum of delay. In electrical synapses, the 
rapid spread of activity from one neuron to another 
ensures that a group of neurons performing an iden
tical function act together. Electrical synapses also 
have the advantage that they are bidirectional; chem
ical synapses are not. 

NEU ROG LIA 
The neurons of the CNS are supported. by several vari
eties of nonexcltable cells, which together are called 
neuroglla (Fig. 2-28). Neurogllal cells are generally 
smaller than neurons and outnumber them by 5 to 
10 times; they comprise about half the total volume 
of the brain and spinal cord. 

The four types of neuroglial cells are (1) astrocytes, 
(2) oligodendrocytes, (3) microglia, and (4} ependyma. 
A summary of the structural features, location, and 
functions of the different neurogllal cells Is provided in 
Table 2-5. 



Neuron--

Oligodendrocyte 
\, 

_.,r· Ependyma 

Fibrous 
astrocyte 

l 

'V~ 

Neuroglia 55 

\ 
Outerglial 
limiong 

~/. 
Microglial f 
cell Cells ott 

~ membrane 
....._~.._--.,._.~,...-- L 

Astrocytes 
Astrocytes have small cell bodies with branching pro
cesses that extend in all directions. The two types of 
astrocytes include fibrous and protoplasmic. 

Fibrous utrocytes are fowid mainly In the white 
matter, where their processes pass between the nerve 
fibers (Ag. 2-29). Each process Is long, slender, smooth, 
and not much branched. The cell bodies and processes 
contain many filaments in their cytoplasm. 

Protoplaamlc utrocytea are found mainly in the 
gray matter, where their processes pass between the 
nerve cell bodies (Figs. 2-30 and 2-31). The processes 
are shorter, thicker, and more branched than those of 
the fibrous astrocyte, and their cytoplasm contains 
fewer filaments. 

Many of the processes of astrocytes end in expan
sions on blood vessels (pertvascular feet), where they 
form an almost complete covering on the external 
surface of capillaries. Large numbers of astrocytlc 

I 
plamater 

Figure 2-28 Diagrammatic represen
tation of the arrangement of different 
types of neuroglial cells. 

processes are Interwoven at the outer and inner 
surfaces of the CNS, where they form the outer and 
Inner gllal limiting membranee. Thus, the outer gllal 
limiting membrane is found beneath the pia mater, 
and the inner glial limiting membrane lies beneath the 
ependyma lining the ventricles of the brain and the 
central canal of the spinal cord. 

Astrocytic processes are also found in large numbers 
arowid the Initial segment of most axons and In the 
bare segments of axons at the nodes of Ranvier. Axon 
terminals at many sites are separated from other nerve 
cells and their processes by an envelope of astrocytic 
processes. 

Altrocyte Functions 

Astrocytes, with their branching processes, form a 
supporting framework for the nerve cells and nerve 
fibers. Their processes are fwictlonally coupled at gap 
junctions. In the embryo, they serve as a scaffolding 
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Tabl• 2..S Structural Features, Location, and Functions of Neuroglial Cells 

Astroc:ytes 

Fibrous 

Protoplasmic 

Oligodandroc.ytes 

Mlcroglta 

Ependyma 

Ependymoeytes 

Tanycytes 

Choroidal 
epithelial cells 

Small cell bodies, long slender 
processes, cytoplasmic 
filaments, perivasc:ular feet 

Small cell bodies, short thick 
processes, many branches, 
few cytoplasmic filaments, 
perivascular feet 

Small cell bodies, few delicate 
processes, no cytoplasmic 
filaments 

Smallest of neuroglial cells, 
wavy branches with spines 

Cuboidal or columnar in shape 
with cilia and microvilli, gap 
~nctions 

Long basal processes with end 
feet on capillaries 

Sides and bases tftrown into 
folds, tight junctions 

CNS, CW1tn1I nervous system; CSF. cereb!Olpinal fluid. 

Flbrous astrceytea 

White matter l Provide supporting framework, are 
electrical insulators, limit spread of 
neurotransmitters, take up K• ions 

Gray matter ----+-,-St-ore glycogen, have a phagocytic 
function, take place of dead neurons, 
are a conduit for metabolites or raw 
materials, produce trophic substances 

In rows along myelinate rm myelin in CNS, influence 
nerves, surrounding biochemistry of neurons 
neuron cell bodies 

Scattered throughout I Ate inactive in normal CNS, proliferate 
CNS in disease and phagocytosis, joined by 

blood monocytes -------

Line ventricles, eentra-1 f'Circulate CSF, absorb CSF 
canal J_ 

Line floor of tftird Transport substances from CSF to 
ventricle ~ypophyseal-portal system 
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Figure 2-49 A: Photomicrograph of a section of the gray matter of the spinal cord showing 
fibrous as1J'Ocytes. B: Electron micrograph showing an astrocyte. (Courtesy Dr. J. M. Kerns.} 



Figure 2-30 Photomicrograph of a protoplasmic astrocyte 
in the cerebral cortex. 
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for the migration of lnunatme neurons. By covering the 
synaptic contacts between neurons, they may serve as 
electrical insulators preventing axon terminals from 
influencing neighboring and unrelated neurons. They 
may even form barriers for the spread of neurotrans
mitter substances released at synapses. Astrocytes 
have been shown to be affected by GABA and glutamlc 
acid secreted by the nerve terminals, thereby limiting 
the influence of these neurotransmitters. Astrocytes 
appear to be able to take up excess K+ ions from the 
extracellular space so that they may have an important 
function during repetitive firing of a neuron. They store 
glycogen within their cytoplasm. The glycogen can be 
broken down Into glucose and even further Into lactate, 
both of which are released to surrounding neurons in 
response to norepinephrine. 

Astrocytes may serve as phagocytes by taking up 
degenerating synaptic axon terminals. Following the 
death of neurons due to disease, astrocytes proliferate 
and fill in the spaces previously occupied by the neu
rons, a process called replacement gllOlle. Astrocytes 
possibly serve as a conduit for the passage of metab
olites or raw materials from blood capillaries to the 
neurons through their perivascular feet. Because astro
cytes are linked together by gap junctions, they enable 
tons to pass from one cell to another without entering 
the extracellular space. Astrocytes may produce sub
stances that have a trophic influence on neighboring 
neurons. Recent research has suggested that astrocytes 
secrete cytokines that regulate the activity of Immune 

Figwe 2-31 Elect.Ton micrograph of a pro
toplasmic astrocyte in the cerebral cortex. 
(Courtesy Dr. A. Peters.) 
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Ollgodendrocytes 

A B 

Figure 2..32 k Photomicrograph of a group of oligodendrocytes. B: Electron micrograph of two 
oligodendrocytes. (Courtesy Dr. J. M. Kerns.) 

cells entering the nervous system In disease. Finally, 
astrocytes play an important role in the structure of 
the blood-brain barrier. Here, the astrocyte processes 
terminate as expanded feet at the basement membrane 
of blood vessels. 

Oligodendrocytes 
Ollgodendrocytes have small cell bodies and a few 
delicate processes; their cytoplasm does not contain 
filaments. Ollgodendrocytes are found in rows along 
myelinated nerve fibers and surround nerve cell bodies 
(Fig. 2-32). Electron micrographs show the processes 
of a single oligodendrocyte joining the myelin sheaths 
of several nerve fibers (Fig. 2-33). However, only one 
process joins the myelin between two adjacent nodes 
ofRanvier. 

Ollgodendrocyte Functions 
Oligodendrocytes are responsible for the formation of 
the myelin sheath of nerve fibers in the CNS, much as 
the myelin of peripheral nerves is formed from Schwann 
cells. This formation and maintenance of myelln around 
many CNS axons provides them with an insulating coat 

and greatly increases the speed of nerve conduction 
along them (seep. 47). Because oligodendrocytes have 
several processes, unlike Schwann cells, they can each 
form several intemodal segments of myelin on the 
same or different axons. A single oligodendrocyte can 
form as many as 60 internodal segments. Note that, 
unlike Schwann cells in the peripheral nervous system 
(PNS), oligodendrocytes and their associated axons are 
not surrounded by a basement membrane. Myellnatlon 
begins at about the 16th week of Intrauterine life and 
continues postnatally until practically all the major 
nerve fibers are myellnated by the time the child is 
walking. 

Oligodendrocytes also surround nerve cell bodies 
(satellite ollgodendrocytes) and probably have a simi
lar function to the satellite or capsular cells of periph
eral sensory ganglia. They are thought to influence the 
biochemical environment of neurons. 

Miaoglia 
The mlcrogllal cells are embryologlcally wtrelated to 
the other neuroglial cells and are derived from mac
rophages outside the nervous system. They are the 
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Figwe 2-33 A single oligodendrocyte whose processes are continuous 
with the myelin sheaths of four nerve fibers within the central nervous 
system. 

smallest of the neurogllal cells and are found scattered 
throughout the CNS (Fig. 2-34). Wavy branching pro
cesses arise from their small cell bodies that give off 
numerous splnelike projections. They closely resemble 
connective tissue macrophages. They migrate lnto 
the nervous system during fetal life. Mlcrogllal cells 
increase In number in the presence of damaged nervous 
tissue resulting from trauma and lschemic Injury and in 
the presence of diseases including Alzheimer disease, 
Parkinson disease, multiple sclerosis, and AIDS. Many 
of these new cells are monocytes that have migrated 
from the blood. 

Mtcroglta Function 

Microglial cells in the normal brain and spinal cord 
appear to be inactive and are sometimes called relling 
mlcrogl.lal cell8. In inflammatory disease of the CNS, 
they become the immune effector cells. They retract 
their processes and migrate to the site of the lesion. 
Here, they proliferate and become antigen-presenting 
cells, which, together with the invading T lymphocytes, 
confront Invading organisms. They are also actively 

phagocytlc; their cytoplasm becomes filled with lipids 
and cell remnants. The microgllal cells are joined by 
monocytes from neighboring blood vessels. 

Ependyma 
Ependymal cells Une the cavities of the brain and 
the central canal of the spinal cord. They form a single 
layer of cells that are cuboidal or columnar ln shape 
and possess microvilli and cilia (Fig. 2-35). The cilia 
are often motile, and their movements contribute to 
the flow of the cerebrospinal fluid (CSF). The bases 
of the ependymal cells lie on the internal glial limiting 
membrane. 

Ependymal cells can be divided Into three groups: 

1. Ependymocytel line the ventricles of the brain and 
the central canal of the spinal cord and are in contact 
with the CSF. Their adjacent surfaces have gap junc
tions, but the CSF is in free communication with CNS 
lntercellular spaces. 

2. Tanycytes line the floor of the third ventricle over
lying the median eminence of the hypothalamus. 
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Flgan 2-34 Electron micrograph of a microglial cell in the cerebral cortex. (Courtesy Dr. A. Peters.) 

These cells have long basal processes that pass 
between the cells of the median eminence and place 
endfeet on blood capillaries. 

3. Choroldal eplthellal cella cover the surfaces of 
the choroid plexuses. The sides and bases of these 
cells are thrown Into folds; near their lumlnal sur
faces, the cells are held together by tight junctions 
that encircle the cells. The presence of tight junc
tions prevents the leakage of CSF into the underlying 
tissues. 

Ependymal Cell Functions 
Ependymocytes assist in CSF circulation within the cav
ities of the brain and the central canal of the spinal cord 
by the movements of the cilia. The microvilli on the free 
surfaces of the ependymocytes indicate that they also 
have an absorptive function. Tanycytes are thought 
to transport chemical substances from the CSF to the 
hypophyseal portal system. Jn this manner, they may 
play a part In the control of the hormone production by 
the anterior lobe of the pituitary. Choroldal eptthellal 

cells are involved in the production and secretion of 
CSF from the choroid plexuses. 

EXTRACELLULAR SPACE 
When nervous tissue is examined under an electron 
microscope, a very narrow gap separates the neurons 
and the neurogltal cells. These gaps are linked together 
and filled with tissue fluid; they are called the extracel
lular 1pace. The extracellular space Is in almost direct 
continuity with the CSF In the subarachnold space 
externally and with the CSF in the ventricles of the brain 
and the central canal of the spinal cord internally. The 
extracellular space also surrounds the blood capillaries 
in the brain and spinal cord. (The CNS does not have 
lymphatic capillaries.) 

The extracellular space thus provides a pathway for 
the exchange of ions and molecules between the blood 
and the neurons and gllal cells. The plasma membrane of 
the endothelial cells of most capillaries ts Impermeable to 
many chemicals, and this forms the blood-brain barrier. 
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Figure 2-35 A: Photomicrograph of ependymal cells lining the central canal of the 
spinal cord. B: Electron micrograph of ependymal cells lining the cavity of the third 
ventricle. (Courtesy Dr. J. M. Kerns.) 



62 CHAPTER 2 Neurons and Neuroglia 

r e \..... lll ll Lal l ~ Ull:'"> 
General Considerations 
The neuron 15 the basic functlonal. unit of the nervous system. 
In the mature human. If It Is destroyed by trauma or i:Hsease, 
it is not replac:ed. It is incapable of undergoing cell division. 

The neuron COMists of the cell body and its processes, 
the axons, and the dendrites. AU three parts are concerned 
with the process of conductlon. The cell body Is necessary 
for the normal metabolism of all its processes. Should these 
processes become separated from the cell body as the 
result of disease or simple trauma, they will quickly degen
erate. Thia would explain the necessity for the transport of 
macromolecules down the uon from the cell body and also 
emphasizes the dependence of the axon on the cell body. 
The rate of uoplasmlc transport Is Insufficient to satisfy 
the release of transmitter substances at the nerve terminals. 
This problem is resolved in two ways. first, enzymes are 
present within the nerve terminals in order to synthesize the 
transmitters from amino acids dertwd from the extracellular 
ftuid, and second, at some termlnals, the transmitter Is reab
sorbed baclr. Into the terminal following its release. Clinically, 
drugs c:an Influence this reuptake mechanism. 

Neuroglial cells, in contrast to neurons, are nonexcitable 
and do not have amns; furthermore, axon terminals do not 
synapse on them. They are smaller than neurons and yet 
outnumber them 5 to 10 times. 1bey comprise about half 
the total volume of the central nervous system (CNS). 

Neuronal Reaction to Injury 
The first reaction of a nerve cell to Injury ls loss of func
tion. Whether the cell recovers or dies wtJI depend on the 
seftrlty and duration of the damaging agent. If death OC<:Urs 
quickly, such as In a few minutes from lack of oxysen, no 
morphologic changes will be Immediately apparent. Mor
phologic evidence of cell injury requires a minimum of 6 to 
12 hours of survival. The nerve cell becomes swollen and 
rounded oH, the nucleus swells and 15 displaced toward the 
cell periphery, and the Nlssl granules become dispersed 
toward the cytoplasm periphery. At this stage, the neuron 
could recover. If the kind of neuronal injury were not so 
severe a.s to cause death, the reparal:lve changes would start 
to appear. The cell would resume Its form.er size and shape, 
the nucleus would return to the center of the cell body, and 
the Niss! granules would take up their normal position. 

When cell death Is Imminent or has just occurred, the 
cell cytoplasm stains dark with basic dyes (hyperchro
matism), and the nuclear structure becomes unclear. The 
final stage occurs after cell death. The cytoplasm becomes 
vacuolated, and the nucleus and cytoplasmic organelles 
disintegrate. The neuron now Is dissolved and removed 
by the &ctMty of the phagocytes. Jn the CNS, this function 
is performed by the microglial cells; in the peripheral 
nervous system (PNS), this function is performed by local 
members of the retlculoendothellal system. 

In chronic forms of Injury, the size of the cell body Is 
reduced, the nucle\18 and cytoplasm show hyperchroma
tlsm, and the nuclear membranes and those of the cyto
plasmic organelles show irregularity. 

Axonal Reaction and Axonal Degeneration 
Axonal reactlon and amnal degeneration are the changes that 
take place In a nerve cell when Its axon Is cut or Injured. The 

changes start to appear within 24 to 48 hours after injury; the 
degree of change will depend on the severity ol the injury to 
the uon and will be greater If the Injury occurred close to the 
cell body. The nerve cell becomes rounded oft and swollen, 
the nucleus swells and becomes eccentrically placed, and the 
Niss! granules disperse toward the cytoplasm periphery. 
These changes reach their maximum in about 12 days. 

In the PNS, section of an axon is followed by attempts 
at regeneration, and reparattve changes take place In the 
cell body. 

In the CNS, degeneration Is not followed by regenera
tion. H the cortlcosplnal tracts, for example, are destroyed 
by disease, the nerve cells that give rise to these axons 
degenerate and disappear completely. 

An Important e:Kceptlon to the uonal reaction of nerve 
cells described abe>ft occurs In the nerve cells of the pos-
terlor root ganglia of the spinal nerves. H the peripheral 
axons are sectioned, the nerve cells show degenerative 
changes; If, however, the central axons are sectioned or 
destroyed by disease, such as tabes dorsalis, the nerve 
cells show no degenerative changes. 

Axonal Transport and Disease Spread 
RaWm, wbich Is an acute viral disease of the CNS, Is transmlt
ted by the bite of an Infected animal. The virus is present In 
the saliva. of the infected animAI; following a bite, it trawls to 
the CNS by way of axonal transport in both sensocy and motor 
nerves. The lncubadon period ls related to the length of the 
peripheral nerve Involved. The longer the nerve, the longer 
the duration ot the Incubation period. Herpes lbllp1ell and 
berpe9 ZOiier are viral diseases that also Involve axonal trans
port to spread to different parts of the body. Axonal transport 
Is also believed to play a role In the spread of the polmsyelldl 
virus from the gastrointestinal tract to the motor celk of the 
anterior gray horns of the spinal cord and the bralnstem. 

Neuron Tumors 
Recall that the nervous system is made up of many differ
ent types of tissues: neurons, neuroglia, blood vessels, and 
meninges In the CNS and neurons, Schwann cells, connec
tive tissue, and blood vessels In the PNS. Tumors of neurons 
In the CNS are rare, but tumors of peripheral neurons are 
not uncommon. 

Nearob .. llmna occurs In association with the suprare
nal gland; it is highly malignant and occurs in infants and 
children.~ occurs In the suprarenal medulla 
or sympathetic ganglia; It Is benign and occurs In chlldren 
and adults. Pheoc:hromoc:yt occurs In the suprarenal 
medulla; It Is usually benign and gives rise to hypertension 
because It secretes ooreplnephrlne and epinephrine. 

Synaptic Blocking Agents 
Transmission of a nervous lmpuJse across a synapse Ls 
accomplished by the release of neurotransmitters Into the 
synaptic cleft. Transmission occurs In one direction, and 
subthreshold stimulation of many synapses leads to sum
mation. The releued transmitter then exerts Its effect on 
the postaynaptic membrane by increasing the permeability 
of the postsynapttc membrane to sodium and causing exci
tation or by Increasing the permeability of the postsynaptlc 
membrane to chloride and causing inhibition. 



The synapse Is a region In whlch transmission Is easily 
blocked. As a general rule, long chains of neurons with m~ 
tiple synapses are more easily blocked than shorter, simpler 
chains of neurons. General anesthetic agents are effective 
because they have the ability to block synapUc transmission. 

At autonomic ganglia, pregangJlonlc fibers enter the 
ganglla and synapse with the postgangJlonlc sympathetic 
or parasympathetic neurons. The nerve Impulse, on reach
ing the terminaUon of the pregangllonic nerve. brings 
about the release of acetylchollne (ACh), which excites a 
nervous impulse in the postganglionic neuron. 

Gangllonlc blocklng agents may be dlvlded Into three 
groups, depending on their mechanism of action. The first 
group of agents, whlch includes the henmedlonlam. and 
tetnethylammonlum .its. resembles ACh at the postsyn
aptlc membrane; thus, these agents Inhibit transmission 
across a synapse. The second group of agents, which 
includes nicotine, has the same action as ACh on the post
synaptlc membrane, but these agents are not destroyed 
by the chollnesterase. This results ln a prolonged depo
larization of the postsynapttc membrane; therefore, it Is 
insensitive to further stimulation by ACh. Unfortunately, 
this depolarization block i.s associated with initial stimu
lation, so these drugs are not suitable for clinical use. The 
third group of agents, which includes procaine, lnhlblts the 
release of ACh from the pregang)lonlc fibers. 

In the CNS, demonstrating the release of a partlcuJar 
transmitter substance at spedflc synapses is difficult due 
to inaccessibility. For example, perfusing specific localized 
brain areas through their vascular system is impossible, 
and stlmuJating an Isolated neuronal pathway wlthln the 
brain or spinal cord ls very difficult. The motor neuron 
collaterals to the Renshaw cells have been shown to Ub
erate ACh at their endings. Many synapses ln the CNS are 
also cholinergic. The development of monoclonal antibody 
techniques has opened a whole new approach to the Iden
tification and locallzatlon of chemical mediators In the CNS. 
Substance P. somatostatin, and cholecystoklnin are a few 
examples of the neuropeptldes that have been located here. 

The nonuniform concentrations of noreplnephrine In 
the CNS have led many investigators to believe that it 
might function as a central neurotransmitter. The concen
trations are greater In gray matter than ln white matter, and 
the highest concentrations are found in the hypothalamus. 
Dopamine is found in high concentrations ln the CNS and Is 
secreted by neurons that originate ln the substantJa nlgra. 

Many of the cholinergic blocking agents used in the 
PNS have llttle or no effect on CNS chollnergtc synapses 
because they are unable to cross the blood-brain bar
rier In significant concentrations. Atropine, ac:opolamme, 
and cllllopropylpboepborofluorfdate (DPF) can effectively 
cross the barrier, and their effects on human behavior have 
been extensively studied. Similarly, many psychotropic 
drugs are believed to affect CNS activities by lnfluenc
lng the release of catecholamines at synaptic sites. The 
phenoChlazlnee, for example, are thought to block dopa· 
mine receptors on postsynaptlc neurons. 

Treatment of Neuroloqic Disease by 
Neurotransmitter Manipulation 
The increasing numbers of neurotransmitters being discov
ered in the CNS and the locatlon of their site of actlon are 
raising the posslblllty that certain diseases can be modified 
by the administration of specific drugs. Huntington chorea. 
for example, involves loss of neurons that use GABA and 
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ACh as transmitters. GABA is unable to cross the bloo~ 
brain barrier, but physostlgmlne, a choJlnesterase Inhibitor, 
can cross the barrier, and Its use has brought about some 
Improvement. The use of t-dopa In the treatment of parkln
sonism has been most successful; in this disease, it replaces 
the deficiency of dopamine, which is normally released to 
the basal ganglla by the neurons of the substantla nlgra. 

Drugs are now rapidly being developed to modify the 
process of synaptic transmission In a number of ways: 
(1) by interfering with the process of neurotransmitter 
synthesis, (2) by inhibiting the uptake of drugs by the post
synaptic membrane, (3) by binding the neurotransmitter at 
the receptor site on the postsynaptlc membrane, and (4) by 
terminating the neurotransmitter action. 

Neuroglial Reactions to Injury 
The reaction of neurogllal cells to Injury, whether caused 
by physical trauma or by vascular occlusion, ls character-
17.ed by the hyperplasia and hypertrophy of the astroc:ytes, 
which become fibrous irrespective of their antecedent mor
phology. The proliferation of the astrocytes is referred to 
as Ub'oeytDlls or gllOlls. The loss of neuronal tissue Is not 
compensated for ln volume by the glial hypertrophy. The 
cytoplasm of the enlarged astrocytes contains large num
bers of fibrils and glycogen granules. The dense feltwork 
of ast.rocytic processes that occurs in the areas of ne~ 
nal degeneration produces the so-called (lllotlc 8C81'. The 
degree of gllosls Is much greater ln the presence of residual 
damaged neuronal tissue as compared with a clean surgical 
excision in which no traumatized brain remains. This Is why, 
in patients with focal epilepsy due to a large gliotic scar, the 
scar is excised surgically, leaving a minimal glial reaction. 

OJlgodendrocytes respond to lnJury by expanding and 
showing vacuolation of their cytoplasm; the nuclei also 
tend to become pyknotic. Severe damage to ollgodendr~ 
cytes results In demyellnatlon. 

Microglial cells in inflammatory and degenerative 
lesions of the CNS retract their processes and migrate to 
the site of the lesion. Here, they proliferate and are actively 
phagocyUc, and their cytoplasm becomes filled with 11~ 
Ids and cell remnants. They are Joined In their scavenger 
activity by monocytes that migrate from the neighboring 
blood vessels. 

Mlcrogllal cells are active In a number of diseases includ
ing muJUple sclerosis, dementla ln AIDS, Parkinson disease, 
and Alzheimer disease. 

Neuroglia Neoplasms 
Tumors of neuroglla account for 40% to 50% of lntracranial 
tumors. Such tumors are referred to as &Dom• Tumors 
of astrocytes are those most commonly encountered and 
include aatrocytoma. and gUoblutomaa. Apart from the 
ependymoma.s, tumors of the neuroglia are highly invasive. 
This explains the difficulty ln achieving complete surgical 
removal and the great possibility of recurrence after sur
gery. Another feature Is that as these tumors Infiltrate, they 
often do so without interfering with the function of neigh
boring neurons. As a result, the tumor can be very much 
larger than the symptoms and physical signs would Indicate. 

Multiple Sclerosis 
Multiple sclerosis ls one of the most common CNS diseases, 
affecting about 250,000 Americans. lt Is characterized. by the 
appearance of patches of demyel!nation In CNS white matter, 
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generally starting In the optlc nerve, spinal cord, or cere
bellum. The myelln sheaths degenerate, and the myelin Is 
removed by microglial cells. Astrocytes proliferate, leading to 
the formation of a gliotic scar. As demyelination occurs, the 
conduction of the nerve Impulses In the axons ls Impeded. 
Because raising the temperature shortens the duration of the 
actlon potential, one of the early signs of mu1Uple sclerosis 
ls that the symptoms and signs can be improved by cooling 
and made worse by heating by a hot bath. Most cases occur 
between the ages of 20 and 40 years. The cause of the disease 
Is unknown, although an Interplay between a viral Infection 
and a host immune response may be responsible. For further 
discussion of this disease. see Chapter 4. 

Cerebral Edema 
Cerebral edema is a very common clinical condition that 
can follow head injuries, cerebral infections, or tumors. The 
resultant swelling of the brain may lead to flattening of the 
cerebral gyrl, herniation of the brain through the tentorlal 
notch or the foramen magnum, and even death. 

Neurons 

• Neuron is the name given to the nerve cell and all its 
processes, including the cell body, dendrites, and axon. 

• The number, length, and mode of branching allows 
for a morphologic method of classifying neurons. 

• Unipolar neurons are those in which the cell body 
has a single neurlte that divides into two branches, 
one on a peripheral structure and the other ending 
in the CNS. 

• Bipolar neurons are those In which an elongated cell 
body has two neurites extending from each end. 

• Multlpolar neurons have many neurltes arising from 
the cell body, only one of which ts the axon. 

• The neuron cell body Is similar to other cells, 
consisting of a mass of cytoplasm in whlch a 
nucleus is embedded. 

• The cytoplasm of a neuron contains Ntssl substance, 
rough-surfaced endoplasmic reticulum arranged In 
the form of broad, stacked clstemae. 

• Staining of the Nissl substance ts often used to 
demonstrate neuronal cell bodies In hlstologlc 
sections. 

• Neurofilaments extend throughout the cell and form 
the cytoskeleton of the neuron. 

• Microfilaments and microtubules are interspersed 
among the cytoskeleton and provide a stationary 
track for transport of organelles. 

Cerebral edema Is an abnormal increase In the water 
content of CNS tissues and takes three fonns. V...,.mc 
edema is the most common type and is due to the ace~ 
mulation of tissue fluid in the extracellular space following 
damage to the vascular capillary walls or the presence of 
new capillaries without fully formed blood-brain barriers. 
lt can result from Infections, trauma, and tumors. Cyt. 
toxic edema is due to the accumulation of Ould within 
the cells of nervous tissue (neurons and glial), resulting in 
cellular swelling. The cause may be toxic or metabolic and 
produces a fallure In the plasma membrane ATP sodium 
pump mechanism. lntentldal edema occurs In obstruc:Uve 
hydrocephalus when the rlse in cerebrospinal fluid (CSF) 
pressure forces the fluld out of the ventricular system Into 
the extracellular space. 

Two anatomical factors must always be remembered in 
cerebral edema: (1) the brain volume Is restricted by the 
surrounding skull, and (2) the tissue fluid ls drained p~ 
marlly Into the venous sinuses vta cerebral veins because 
there Is no Jymphattc drainage. 

• Motor proteins, klnesln and dyneln, move organelles 
through the neuron in a process called rapid transport 

• The plasma membrane of the cell forms a 
semipermeable membrane that allows diffusion 
of certain ions but restricts others, resulting in a 
steady negative potential inside the cell, compared 
to outside, called the resting potential. 

• Excited cells, either by electrical, mechanical, or 
chemical means, will undergo a rapid change in 
penneabllity causing the negative membrane potential 
to rapidly depolarize, resulting In an action potential. 

• The action potential will spread over the plasma 
membrane, away from the site of initiation, as a 
nerve impulse. 

Neuroglia 

• NeW'Oglla are small nonexcitable cells that greatly 
outnumber neurons. 

• Neuroglla includes astrocytes, ollgodendrocytes, 
mlcroglla, and ependyma. 

Astrocytes 
• Fibrous and protoplasmic types form a supporting 

framework for nerve cells and nerve fibers. 
• By covering the synaptic contacts between 

neurons, astrocytes serve as electrical insulators 
by preventing neighboring axons from influencing 
unrelated fibers. 



Oligodendrocytes 
• Oligodendrocytes are responsible for the formation 

of the myelln sheath of nerve fibers In the CNS. 
• They have multiple processes and Insulate fiber 

segments of multiple nerves. 

Mlcroglla 
• Smallest of all the neurogllal types, mlcroglla act as 

Immune effector cells during inflammatory diseases . 

• Clinical Problem Solving 

1. During an operation for the repair of a sectioned 
radial nerve in the arm, the neurosurgeon under
stands that he is operating on a large bundle of 
nerve fibers supported by connective tissue. He 
realizes that the nerve fibers are either axons or 
dendrites or the nerve is made up of a mixture of 
axons and dendrites. What Is your understanding of 
the composition of the radial nerve? 

2. A well-known textbook of neurosurgery makes the 
following statements regarding the prognosis follow
ing peripheral nerve repair: (a) the younger the patient, 
the better the return of function; (b) the more distal the 
injury to a nerve, the more effective the regene
ration; (c) the closer a lesion is to the nerve cell body, 
the more profound the effect on this trophic center; 
and ( d) sensory nerve cells are affected more by this 
retrograde phenomenon than are motor nerve cells. 
Comment on these statements. 

3. An 18-year-old male patient is examined by a neuro
surgeon, 12 months after injury to the right forearm 
in which the median nerve is severed. At the Initial 
operation, shortly after the injury has occurred, 
debrldement Is performed, and the separated nerve 
ends are tagged with radiopaque sutures. Unfortu
nately, the wound is Infected, and surgical repair 
of the nerve Is deferred. Is It practical to consid
er repairing a peripheral nerve after a delay of 
12 months? 

4. While examining a pathology specimen of nervous 
tissue under a microscope, the pathologist is able to 
determine the sex of the individual from whom the 
tissue had been removed. How would you be able to 
do this? 

S. Axoplasmlc flow Is Involved in the transport of cer
tain viruses In the nervous system. What structures 
present in the cytoplasm of the neuron take part in 
this process? 

6. About l % of all deaths are due to intracranlal 
tumors. Many different tissues are present within 
the skull in addition to the nervous system. More
over, the nervous system itself is composed of 
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Ependyma 
• Ependyma ls a single layer of columnar or cuboldal 

cells that assist In the circulation of the CSF within 
the cavities of the brain. 

• Ependymocytes and tanycytes line the lateral 
and third ventricles, respectively. Choroldal 
epithelial cells cover the surface of the choroid 
plexus. 

many different types of tissues. In fact, tumors that 
arise as neoplasms of nerve cells and fibers are 
rare. Name the different types of tissues that are 
found in the central nervous system (CNS) and in 
the peripheral nervous system (PNS). 

7. When a nerve cell ls stimulated, the permeability of 
the plasma membrane changes, permitting certaln 
ionic movements to take place across the membrane. 
(a) What ls the structure of the plasma membrane? 
(b) Is the permeablllty of the plasma membrane 
Increased or decreased when the nerve cell is stim
ulated? (c) What Is the action of local analgesics on 
the cell membrane? 

8. The synapse is a region where nervous transmission 
is easily blocked. Clinically, the ganglion-blocking 
drugs used act by competing with acetylcholine 
(ACh) released from the nerve endings in the ganglia. 
Name two groups of drugs that have been used for 
this purpose and Indicate the site at which they act. 

9. A 2-year-old boy Is taken to a pediatrician because 
his mother has noticed that his right eye ls protrud
ing (proptosls). When questioned, the mother states 
that she had first noticed this protrusion 1 month 
previously and that It has progressively worsened 
since that time. The child Is otherwise perfectly flt. 
On physical examination, the child Is observed to 
be healthy in every respect except for the marked 
proptosis of the right eye. A careful palpation of 
the abdomen, however, reveals a large, soft mass 
in the upper part of the abdomen that extends 
across the midline. X-ray examination, including a 
computed tomography (CT) body scan, reveal 
a large, soft tissue mass that displaces the right 
kidney downward. A diagnosis of malignant tumor 
of the suprarenal or neighboring sympathetic ner
vous tissue, with metastases in the right orbital 
cavity, is made, the latter being responsible for the 
right-side proptosls. Name a tumor of the suprare
nal gland or sympathetic nervous tissue that occurs 
commonly in children and may metastasize in the 
bones of the orbit. 
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10. At an autopsy, a third-year medical student is 
handed a slice of the cerebrum and is asked what 
proportion of central nervous tissue is made up 
by neuroglia. How would you have answered that 
question? Which cells are present in the largest 
numbers-neurons or neuroglial cells? 

11. A 23-year-old man received a penetrating gunshot 
wound to the left side of his head while serving 
In the army. At the operation, the neurosurgeon 
was able to remove the bullet from the left frontal 
lobe of his bra.In. Apart from a slight weakness 
of his right leg, the patient makes an uneventful 
recovery. Eighteen months later, the patient starts 
to have severe generalized attacks of convulsions, 
during which he loses consciousness. Since this 
time, the attacks have occurred irregularly at about 
monthly intervals. Each attack is preceded by a 
feeling of mental irritability, and twitching of the 
right leg occurs. A diagnosis of epilepsy is made 
by the examining neurologist. Is It possible that 
this patient's attacks of epilepsy are related to his 
gunshot wound? ls traumatic epilepsy a common 
condition? What treatment would you recommend? 

12. A 42-year-old woman visits her physician because 
she ls suffering from very severe headaches. Until 

6 months ago, she experienced only an occasional 
mild headache. Since that time, her headaches grad
ually have become more severe, and their duration 
has increased. They now last 3 to 4 hours and are 
so intense that she has to lie down. She has felt sick 
on two occasions, but she vomited only once. The 
headaches are generalized in nature and are made 
worse by coughing or straining. A physical exam
ination reveals swelling of both optic discs with 
congestion of the retinal veins and the presence of 
multiple retinal hemorrhages. Weakness of the lat
eral rectos muscle of the right eye also is detected. 
Anteroposterior (A/P) radiographs of the skull show 
displacement of the calcified pineal gland to the left 
side. A/P and lateral radlographs of the skull show 
some degree of calcification in a localized area 
in the right cerebral hemisphere. These findings, 
together with those obtained from CT scans of the 
brain and magnetic resonance imaging (MRI), make 
the diagnosis of a right-sided cerebral tumor cer
tain. Surgical exploration confirms the presence of 
a large infiltrating tumor of the right parietal lobe. 
What ls the most common type of tumor found In 
such a site in a middle-aged patient? How would you 
treat such a patient? 

Answers and Explanations to Clinical Problem Solving 

1. The radial nerve is made up of nerve fibers derived 
from motor, sensory, and autonomic neurons. By 
definition, the nerve fibers, or nerve cell processes, 
are referred to as neurttes (short ones are den
drites, and long ones are axons). Customarily, those 
that conduct the nervous impulse toward the cell 
body are referred to as the dendrites and those that 
conduct the impulses away from the cell body as 
the axons. However, In the case of the unipolar sen
sory neurons found in the posterior root ganglia, 
the neurite carrying nervous Information toward 
the cell body has all the structural characteristics 
of an axon and ls referred to as an axon. Thus, the 
radial nerve, which Is composed of sensory and 
motor fibers, Is made up of axons. 

2. (a) As a general rule, all reparatlve 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, fewer possibilities exist of 
nerve fibers innervating the wrong structure during 
the process of regeneration. Moreover, the more 
distal the injury, the less the metabolism of the 
proximal nerve cell body ls affected by the Injury. 
(c) This is a physiologic fact. A very severe nerve 
injury close to its nerve cell body may result in the 
death of the entire neuron. (d) The physiology of 
sensory neurons Is more susceptible to change by 
retrograde phenomena than that of motor neurons. 

3. If the wound is not infected, the best time to per
form 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 overstretched and Joint 
adhesions have been avoided by passive move
ments of the joints. In other words, the neuron still 
retains the ability to regenerate its processes even 
after 14 months, but the degree of recovery of func
tion will depend a great deal on the care that the 
denervated structures receive In the intervening 
time. 

4. in 1949, Barr and Bertram noticed the presence of a 
small, stainable body of chromatin (Barr body) situ
ated at the Inner surface of the nuclear envelope In 
the female that could not be seen In the cells of the 
male. It ts one of the two X chromosomes present 
in the female. The presence or absence of the Barr 
body enables one to readily determine the sex of the 
individual from whom the tissue was removed. 

5. An electron microscope allows visualization of both 
small tubules that measure about 25 nm In diameter 
within a neuron's cytoplasm as well as mlcrofila
ments measuring about 3 to 5 nm In diameter. The 
possible role that these structures play in cell trans
port ls discussed on page 43. 

6. The CNS comprises (a) neurons, (b) neuroglla, (c) blood 
vessels, and (d) meninges. The PNS is composed of 
(a) neurons, (b) Schwann cells, (c) connective tis
sue, and (d) blood vessels. 

7. (a) The structure of the plasma membrane is 
described on page 43. (b) When a neuron is excited, 
the permeability of the plasma membrane to Na+ ions 
is increased, and these diffuse from the tissue Huid 



into the neuron cytoplasm. ( c) Local analgesics act as 
membrane stabilizers and lnhtblt the Increase In per
meabtllty to Na+ Ions In response to stimulation. How 
this stabilization ls brought about Is not understood. 
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 preventing depolarization from taking place. 
Small-diameter nerve fibers are more readily blocked 
than large fibers, and nonmyelinated fibers are more 
readily blocked than myelinated ones. For these rea
sons, nerve fibers that conduct pain and temperature 
are most easily blocked, and the large motor fibers 
are the least easily blocked. The small autonomic 
nerve fibers are blocked early and account for the 
rapid appearance of vasodilatatton. 

8. Tetraethylammonlum salts and hexamethonium 
salts are the two groups of drugs. These salts close
ly resemble ACh in structure and compete with ACh 
at the postsynaptic membrane. By this means, they 
successfully block a ganglion, although the amount 
of ACh released is unaffected. 

9. The neuroblastoma is a tumor of primitive neuro
blasts and arises either in the suprarenal medulla 
or in the upper abdominal sympathetic ganglia. It 
Is mallgnant and confined to children. The tumor 
metastasizes early, and the metastasis may be the 
reason why the child receives medical attention, as 
in this case. The bones of the orbit are a common 
site for metastasis of a neuroblastoma. 

10. Neuroglia comprises about half the total volume of 
the central nervous system. Neurogllal cells out
number neurons by 5to10 times. 

11. The reaction of tissue of the central nervous system 
to injury is characterized by astrocyte hyperplasia 

G Review Questions 

Directions: Each of the numbered items In this section 
ls followed by answers. Select the ONE lettered answer 
that ls CORRECT. 

1. The following statements concern the cytology of a 
neuron: 
(a) A unipolar neuron ls one that gives rise to a sin

gle neurlte that divides a short distance from 
the cell body Into two branches, one proceed
ing to some peripheral structure and the other 
entering the central nervous system (CNS). 

(b) A bipolar neuron is one that has two neurites 
that emerge together from the cell body. 

(c) Nissl substance is found in the axon of a neuron. 
( d) The Golgi complex does not synthesize cell 

membranes. 
(e) Melanin granules are not found In the neurons 

of the substantla nlgra. 

Review Questions 67 

and hypertrophy. Astrocyte proliferation Is referred 
to as astrocytosls or gllosls. The degree of gllosls is 
much greater in the presence of residual damaged 
brain tissue than with a clean surgical lnclslon. The 
resulting scar tissue, the gllotic 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 2 years. After careful examina
tion of these patients, including the performance of 
radiography, CT brain scans, MRls, and electroen
cephalography, the trauma site should be explored 
with a view to removing the gllotic scar. Such a scar 
wlll be replaced by a much smaller surgical scar. 
This operative intervention cures many of these 
patients. 

12. A history 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 weakness of the lat
eral rectus muscle of the right eye owing to com
pression of the right sixth cranial nerve against the 
floor of the skull, together with the positive results 
on radiologic and other laboratory tests, made 
the diagnosis certain. The glioma (tumor of neu
roglia) is the most common type of tumor found 
In such a patient. Unfortunately, gllomas tend 
to infiltrate the brain tissue and cannot be com
pletely removed surgically. Biopsy is performed 
to establish the diagnosis, as much of the tumor 
ls removed as is clinically feasible, and the area 
ls treated by deep x-ray therapy postoperatively. 
Survival time may also be increased by the use of 
chemotherapy. 

2. The following statements concern the cytology of a 
neuron: 
(a) The protein molecules projecting from the sur

face of the microtubules take no part in rapid 
transport in axoplasm. 

(b) The protein molecules that extend through the 
full thickness of the plasma membrane of a neu
ron serve as sodium and potassium channels. 

(c) Strong experimental evidence suggests that the 
gates of the sodiwn and potassium channels 
are formed by actln molecules. 

( d) The size of the nucleolus in a neuron is unre
lated to the volume of cytoplasm possessed 
by neurons. 

(e) A synapse ls the site where two neurons come 
together and their membranes are in contact; 
intemeuronal communication occurs. 
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3. The following statements concern the axon: 
(a) The initial segment of the axon is the first 

500 µm after it leaves the axon hillock. 
(b) The nerve impulse generated by a neuron does 

not originate at the initial segment of an axon 
but on the dendrite. 

( c) The action potential is produced by the sudden 
influx of Na+ ions into the cytoplasm. 

(d) Following the influx of Na+ ions in the produc
tion of the action potential, the permeability for 
Na+ ions increases further, and the permeability 
for K+ ions ceases. 

( e) The spread of the action potential along the micro
tubules of the axon constitutes the nerve impulse. 

4. The following statements concern a nerve impulse: 
(a) The refractory period is the duration of the non

excitable state of the plasma membrane follow
ing the passage of a wave of repolarization. 

(b) Subthreshold stimuli, when applied to the sur
face of a neuron, cannot be summated. 

(c) Inhibitory stimuli are believed to produce their 
effect by causing an influx of K+ ions through 
the plasma membrane of the neuron. 

( d) Hyperpolarization can be produced by causing 
an influx of K+ ions through the plasma mem
brane. 

(e) The axolemma is the site of nerve conduction. 
5. The following statements concern the structure of a 

synapse: 
(a) Synapses may be axodendritic, axosomatic, or 

axoaxonic. 
(b) The synaptic cleft is the space between the 

presynaptic and postsynaptic membranes and 
measures about 200 nm. 

( c) The subsynaptic web lies beneath the presyn
aptic membrane. 

( d) Presynaptic vesicles do not contain the neu
rotransmitter substance. 

(e) All neurons produce and release several types 
of transmitter substances at all their nerve 
endings. 

6. The following statements concern a neuron: 
(a) Nerve fibers are the dendrites and axons of a 

neuron. 
(b) The volume of cytoplasm within the nerve cell 

body always far exceeds that found in the neu
rites. 

( c) Golgi type I neurons have very short axons. 
( d) Golgi type II neurons have very long axons. 
(e) Golgi type II neurons form the Purk:inje cells of 

the cerebellar cortex. 
7. The following statements concern the neuron organ

elles and inclusions: 
(a) Centrioles are not found in mature nerve cells. 
(b) Lipofuscin granules tend to disappear with age. 
(c) The Nissl substance fills the axon hillock but is 

absent from other areas of the cytoplasm. 
( d) Microfilaments contain actin and do not assist 

in cell transport. 
(e) Mitochondria are found in the dendrites and 

axons. 

8. The following statements concern dendrites: 
(a) A dendrite conveys a nerve impulse away from 

the nerve cell body. 
(b) Dendritic spines are small projections of the 

plasma membrane that increase the receptor 
surface area of the dendrite. 

(c) The cytoplasm of dendrites does not contain 
ribosomes and agranular endoplasmic reticulum. 

( d) Most dendrites expand in width as they extend 
from the nerve cell body. 

(e) Dendrites rarely branch. 
9. The following statements concern neuromodulators: 

(a) Neuromodulators may coexist with the prin
cipal (classic) transmitter at a single synapse. 

(b) They often diminish and shorten the effect of 
the principal transmitter. 

(c) They never act through a second messenger. 
( d) They have a brief effect on the postsynaptic 

membrane. 
(e) Acetylcholine (ACh) (muscarinic) is not a good 

example of a neuromodulator. 
10. The following statements concern the neurobiology 

of neuron structures: 
(a) A lysosome is a membran~bound vesicle cov

ered with ribosomes. 
(b) A terminal bouton is the postsynaptlc part of 

an axon. 
( c) A receptor is a protein molecule on the postsyn

aptic membrane. 
(d) Nissl substance is formed of the smooth-sur

faced endoplasmic reticulum. 
(e) Microtubules provide a mobile track that 

allows specific organelles to move by molecu
lar motors. 

11. The following statements concern neuroglla: 
(a) Fibrous astrocytes are located mainly in the gray 

matter of the central nervous system (CNS). 
(b) Replacement gliosls follows the death of neu

rons in the CNS and is due to the proliferation 
of astrocytes. 

( c) Astrocytes are not involved in the absorption 
of ')'-aminobutyric acid (GABA) secreted by the 
nerve terminals. 

(d) Oligodendrocytes are responsible for the for
mation of the myelin of nerve fibers in the 
peripheral nervous system (PNS). 

(e) A single ollgodendrocyte can form, by means of 
its processes, only one internodal segment of 
myelin on the same axon. 

12. The following statements concern the microglial cells: 
(a) Microglial cells resemble connective tissue 

mast cells. 
(b) Microglial cells are larger than astrocytes or 

ollgodendrocytes. 
( c) Microglial cells migrate into the central nervous 

system (CNS) during adult life. 
( d) In the presence of damaged neurons, microglial 

cells become branched. 
(e) In degenerative lesions of the CNS, the circulat

ing blood contributes cells to the population of 
mlcrogllal cells. 



13. The following statements concern the ependymal 
cells: 
(a) Choroidal epithelial cells do not secrete cere

brospinal fluid (CSF). 
(b) Ependymocytes line the ventricular system but 

do not permit the CSF to enter the extracellular 
spaces of the nervous tissue. 

(c) Tanycytes have short, unbranched basal pro
cesses, many of which have endfeet placed on 
the capillaries of the median eminence. 

( d) The ependymal cells form a single layer, and 
many possess microvlll! and cilia. 

(e) Ependymal cells are incapable of absorbing 
substances from the CSF. 

14. The following statements concern the extracellular 
space: 
(a) The space Is formed by the gaps between the 

neurons and not the gaps between the neurog
lial cells. 

(b) The space surrounds the lymphatic capillaries 
present In the brain and spinal cord. 

(c) The space Is not continuous with the subarach
noid space. 

(d) The space is filled with tissue fluid. 
(e) The space is not continuous with the synaptic 

cleft between two neurons. 
15. The following statements concern tumors of neu

roglia: 
(a) They form about 5% of all intracranial tumors. 
(b) Apart from the ependymomas, tumors of neu-

roglia grow slowly and are not highly Invasive. 
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(c) They commonly infiltrate between neurons, 
causing the minimum disturbance of function. 

( d) They are nonmalignant and easily removed 
surgically. 

(e) As they expand, they raise the intracranial 
pressure. 

16. The following statements concern neuroglial cells: 
(a) They tend to be larger than nerve cell bodies. 
(b) Heat Increases the action potential In an axon 

and reduces the signs and symptoms In multi
ple sclerosis. 

(c) Ollgodendrocytes are found some distance 
away from nerve cell bodies and their neurltes. 

(d) Multiple sclerosis ls a disease Involving the 
oligodendrocyte. 

(e) Llke Schwann cells, oligodendrocytes are sur
rounded by a basement membrane. 

17. The following general statements concern the neu
rogllal cells: 
(a) Microglial cells have straight processes with 

splnellke projections. 
(b) Astrocytes form a scaffold for developing neu

rons. 
(c) Oligodendrocyte processes are not continuous 

with the myelin sheaths. 
(d) Ependymal cells have no cUia on their free 

borders. 
( e) Macroglia is the term used to distinguish the 

larger oligodendrocytes from the smaller astro
cyte. 

f) Answers and Explanations to Review Questions 

1. A ls correct. A unipolar neuron Is one that gives rise 
to a single neurlte that divides a short distance from 
the cell body into two branches, one proceeding to 
some peripheral structure and the other entering 
the CNS (see Fig. 2-3). B. A bipolar neuron ls one that 
gives rise to a neurlte that emerges from each end of 
the cell body. The sensory ganglia of the vestibuloc~ 
chlear nerve (eighth cranial nerve) possess bipolar 
neurons. C. Nlssl substance ls not found In the axon 
of a neuron but in the cell body of a neuron. D. The 
Golgi complex is important in the synthesis of cell 
membranes. E. Melanin granules are found in the 
neurons of the substantla nigra, and these neurons 
are responsible for the neurotransmitter dopamine. 

2. B is correct. The protein molecules that extend 
through the full thickness of the plasma membrane 
of a neuron serve as sodium and potassiwn chan
nels (see Fig. 2-21). A. The protein molecules pro
jecting from the surface of the mlcrotubules take 
part in rapid transport in axoplasm. C. The gates of 
the sodiwn and potassium channels are formed of 
protein molecules but not actin molecules. D. The 
large size of the nucleolus In a ne\ll"On Is related to 
the very large volume of cytoplasm possessed by 
certain neurons. E. A synapse is the site where two 

neurons come Into close proximity and where func
tional lnterneuronal communication occurs. 

3. C is correct. The action potential within an axon is 
produced by the sudden influx of Na+ Ions Into the 
cytoplasm (see Fig. 2-17). A. The Initial segment of 
the axon is the first 50 to 100 µm after It leaves the 
axon hillock. B. The nerve impulse generated by 
a neuron does originate at the initial segment of 
an axon but not on the dendrite. D. Following the 
Influx of Na+ Ions In the production of the action 
potential, the permeability for Na+ ions ceases, and 
the permeability for K+ ions increases; thus K+ ions 
start to flow from the cell cytoplasm. E. The spread 
of the action potential along the plasma membrane 
of the axon constitutes the nerve impulse. 

4. Eis correct. The axolemma is the site of nerve con
duction. A The refractory period Is the duration of the 
none.xcltable state of the plasma membrane following 
the passage of a wave of depolarization (seep. 45). 
B. Subthreshold stimuli, when applied to the surface 
of a neuron, can be summated. C. Inhibitory stimuli are 
belleved to produce their effect by causing an influx of 
Ct Ions through the plasma membrane of the neuron. 
D. Hyperpolarization can be produced by causing an 
influx of CI- ions through the plasma membrane. 
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5. A is correct. The synapses may be axodendritic, axo
somatic, or axoaxonic (see Fig. 2-25). B. The synaptic 
cleft is the space between the presynaptic and post
synaptic membranes and measures about 20 nm. 
C. The subsynaptic web lies beneath the postsynap
tic membrane. D. Presynaptic vesicles may contain 
the neurotransmitter substance (see Fig. 2-27). E. The 
majority of neurons produce and release only one 
principal transmitter at all their nerve endings. 

6. A is correct. Nerve fibers are the dendrons and 
axons of a neuron. B. The volume of cytoplasm with
in the nerve cell body Is often far less than the total 
volume of cytoplasm in the neurites. C. Golgi type l 
neurons have very long axons. D. Golgi type II neu
rons have very short axons. E. Golgi type I neurons 
form the Purkinje cells of the cerebellar cortex. 

7. E is correct. Mitochondria are found in the dendrites 
and axons. A. Centrioles are found in mature nerve 
cells as well as in immature dividing nerve cells. 
B. Lipofuscin granules tend to accumulate with age. 
C. The Nissl substance is absent from the axon hill
ock. D. Microfilaments contain actin and probably 
assist in cell transport (see p. 42). 

8. B Is correct. Dendrltic spines are small projections 
of the plasma membrane that increase the receptor 
surface area of the dendrite. A. A dendrite conveys a 
nerve impulse toward the nerve cell body (seep. 48). 
C. The cytoplasm of dendrites contains ribosomes 
and agranular endoplasmic reticulum as well as 
Nissl granules, microtubules, and microfilaments. 
D. Most dendrites taper in width as they extend 
from the nerve cell body. E. Dendrites often branch 
profusely. 

9. A is correct. Neuromodulators may coexist with the 
principal (classic) transmitter at a single synapse 
(see p. 54). B. Neuromodulators often enhance 
and prolong the effect of the principal transmitter. 
C. Neuromodulators act through a second messenger. 
D. Neuromodulators may have a prolonged effect on 
the postsynaptlc membrane. E. ACh (muscarlnic) is a 
good example of a neuromodulator. 

10. C is correct. A receptor is a protein molecule on 
the postsynaptic membrane. A. A lysosome is a 
membrane-bound vesicle that is not covered with 
ribosomes. B. A terminal bouton is the presynaptic 
part of an axon. D. Nissl substance is formed of the 
rough endoplasmic reticulum. E. Microtubules pro
vide a stationary track that allows specific organ
elles to move by molecular motors. 

11. B is correct. Replacement gliosis follows the death 
of neurons in the CNS and is due to the prolifera
tion of astrocytes (seep. 57). A. Fibrous astrocytes 
are located mainly in the white matter of the CNS. 
C. Astrocytes are involved in the absorption of 
GABA as it is secreted by the nerve terminals. 
D. Ollgodendrocytes are responsible for the forma
tion and maintenance of the myelin of nerve fibers 

in the CNS (seep. 58). E. Unlike Schwann cells in the 
PNS, a single oligodendrocyte can form, by means 
of its many processes, several lnternodal segments 
of myelin on the same or different axons. 

12. E is correct. In degenerative lesions of the CNS, the 
circulating blood contributes cells to the popula
tion of microglial cells. A. Microglial cells resemble 
connective tissue macrophages. B. Microglial cells 
are smaller than astrocytes or oligodendrocytes 
(Fig. 2-28). C. Mlcrogllal cells migrate into the CNS 
during fetal life. D. In the presence of damaged neu
rons, microglial cells round off, lose their branches, 
and increase in number. 

13. D is correct. The ependymal cells form a single layer, 
and many possess microvilli and cilia (see p. 60). 
A. Choroidal epithelial cells secrete CSF. B. The ependy
mocytes line the ventricular system but permit CSF to 
enter the extracellular spaces of the nervous system. 
C. Tanycytes have long, branching basal processes, 
many of which have endfeet placed on the capillaries 
of the median eminence. E. Ependymal cells absorb 
substances from the CSF. 

14. Dis correct. The extracellular space is filled with tis
sue fluid. A. The extracellular space ls formed by the 
gaps between the neurons and the neuroglial cells 
(see p. 60). B. The central nervous system does not 
have lymphatic vessels. C. The extracellular space 
is in almost direct continuity with the subarachnoid 
space. E. The extracellular space is continuous with 
the synaptic cleft between two neurons. 

15. E ls correct. As neurogllal tumors expand, they 
raise the intracranial pressure. A. Neuroglial tumors 
form about 40% to 50% of all lntracranial tumors. 
B. Apart from the ependymomas, tumors of neuroglia 
are highly invasive. C. Neuroglial tumors commonly 
infiltrate between neurons, initially causing the mini
mum disturbance of function; later, they completely 
disrupt neuronal activities. D. Neurogllal tumors, 
apart from ependymomas, are highly malignant and 
difficult to remove surgically. 

16. D is correct. Multiple sclerosis is a disease involv
ing the oligodendrocyte (see pp. 63-64). A. Neuroglial 
cells tend to be smaller than nerve cell bodies. B. Heat 
reduces the action potential in an axon and accen
tuates the signs and symptoms in multiple sclero
sis. C. Oligodendrocytes are found close to nerve 
cell bodies and their neurites. E. Unlike Schwann 
cells, oligodendrocytes are not surrounded by a 
basement membrane. 

1 7. B is correct. Astrocytes form a scaffold for develop
ing neurons. A. Microglial cells have wavy processes 
with spinelike projections. C. Oligodendrocyte pro
cesses are continuous with the myelin sheaths. 
D. Ependymal cells have cllla on their free borders. 
E. Macroglia is the collective term sometimes used 
to describe astrocytes and oligodendrocytes as dis
tinct from the smaller microglial cells. 
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Nerve Fibers and Peripheral 
Innervation 

CHAPTER OBJECTIVES 

• To consider the basic structure and fwtctlon of 
nerve fibers 

• To understand the process of nerve degeneration 
and regeneration 

• To review the special organs that lie at the ends of 
sensory and motor nerves 

A 45-year-old man is recovering from a mild upper respi
ratory tract infection when he suddenly notices weakness 
in both legs while walking upstairs. He also develops a 
numb sensation over the lower part of both legs and feet. 
Two days later, while shaving, he notices weakness of the 
muscles on the right side of his face. 

On physical examination, the patient does not appear 
to be ill. He has no pyrexia. Examination of his leg mus
cles shows obvious signs of muscle weakness involving 
both legs, especially below the knees. Both ankle reflexes 
are absent, and the right knee jerk is diminished. He has 
sensory deficits for touch and pain sensations in the dis
tribution of the stocking area of both feet and lower legs 
and a mild fonn of facial nerve palsy involving the right 
side of the face. Neurologic evidence of loss of function 
of the brain or spinal cord is not present. 

In this chapter, the process of nerve degeneration 
and regeneration Is described In detail because nerve 
lesions are very common In clinical practice and can be 
caused by a wide variety of diseases, Including trauma, 
neoplasms, infection, metabolic dysfunction (diabetes), 
and chemical toxins such as lead. The process of nerve 
degeneration is fast and can take place in nerves In the 
central and peripheral nervous systems. The regener
ation of nerves ls slow and confined to the peripheral 
nervous system (PNS). Because so much research 
today is being devoted to investigating why regenera
tion in the central nervous system (CNS) ceases within 
2 weeks, the histologic changes that occur must be 
learned. 

The material In this chapter commonly forms the 
basis for examination questions. 

• To examine the different sensory modalities 

• To learn the tenns used in assessing skin sensory 
loss and abnormal muscle activity 

The patient is suspected of having Guillai~Barre syn
drome and is admitted to the hospital for observation. The 
cause of this disease is unknown, although it is believed 
to be viral and involves the immune system. Histologically, 
the peripheral nerves show focal scattered areas of demy
elination with an accumulation of lymphocytes and maao
phages. As the myelin is lost, the axons are left naked, and 
the Schwann cell bodies remain intact. In the majority of 
patients, recovery occurs in 2 to 4 weeks with nerve remyelin
ation. Hospitalization is necessary in the early stages because 
the disease can spread rapidly to involve the intercostal and 
phrenic nerves, resulting in paralysis of the intercostal mus
cles and diaphragm. For the same reason, the coughing and 
swallowing reflexes should be watched carefully. A dinician 
would find this disease impossible to understand without 
knowledge of peripheral nerve structure. 

NERVE FIBERS 
Nerve fiber ls the name given to an axon (or a dendrite) 
of a nerve cell. The structure of axons and dendrites is 
described on page 33-34. Bundles of nerve fibers found 
in the CNS are referred to as nerve tracts (Fig. 3-1); 
bundles of nerve fibers found in the PNS are called 
peripheral nerves (Fig. 3-2). 

Two types of nerve fibers are present in the CNS and 
PNS: myelinated and nonmyelinated. 

Myelinated Nerve Fibers 
A myellnated nerve fiber Is one that Is surrounded by 
a myelln sheath. The myelin sheath ls not part of the 
neuron but Is formed by a supporting cell (Fig. 3-3; 
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Deec:ending motor pathway, upper 
motor neuron (colleclions of these 

nerve fibers are known as descending 
tractB) \ 
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Figure 3·1 Sections through the thoracic region af the spinal cord showing examples of nerve 
fibers entering or leaving the central nervous system; ascending and descending nerve fibers 
(tracts or pathways) are also shown. 

also see Fig. 3-2). In the CNS, the supporting cell is 
called the ollgodenclrocyte; in the PNS, it is called the 
Schwann cell. 

The myelin sheath is a segmented, discontinuous 
layer interrupted at regular intervals by the nodes 
of Revier (Figs. 34 and 3-5). Each segment of the 
myeltn sheath measures approximately 0.5 to 1.0 mm In 
length. In the CNS, each ollgodendrocyte may form and 
maintain myelln sheaths for as many as 60 nerve fibers 
(axons). In the PNS, only one Schwann cell maintains 
each segment of one nerve fiber. 

Myelln Fonnatlon 

Myelin sheaths begin to form before birth and during 
the first year postnatally. The process has been studied 
with the electron microscope (Fig. 3-6). 

In the peripheral nervous syttem (PNS), the nerve 
fiber or axon first Indents the side of a Schwann cell 
(Fig. 34). Later, as the axon sinks farther Into the 

Schwann cell, the external plasma membrane of the 
Schwann cell forms a meaax.on, which suspends the 
axon within the Schwann cell (Fig. 3-6A). Subsequently, 
the Schwann cell is believed to rotate on the axon so 
that the plasma membrane becomes wrapped around 
the axon in a spiral. The direction of the spiral is 
clockwise In some segments and counterclockwise In 
others. To begin with, the wrappings are loose, but 
gradually the cytoplasm between the layers of the cell 
membrane disappears, leaving cytoplasm near the sur
face and in the region of the nucleus. The wrappings 
become tight wlth maturation of the nerve fiber. The 
thickness of the myelln depends on the number of spi
rals of Schwann cell membrane. Some nerve fibers are 
surrounded by only a few turns of the membrane, while 
others have as many as 50 turns. In electron micro
graphs of cross sections of mature myelinated nerve 
fibers. the myelin is seen to be laminated. Each lamella 
measures 13 to 18 nm thick. The dark major deme llne, 
about 2.5 nm thick, consists of two Inner protein layers 
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Figure 3-2 Exploded view of a peripheral nerve showing the connec:tive tissue sheaths 
and the struc:ture of myelinated and nonmyelinated nerve fibers. 

of the plasma membrane that are fused together. The 
lighter minor dense line, about 10 nm thick. is formed 
by the approximation of the outer surfaces of adjacent 
plasma membranes and is made up of lipid. The fused 
outer protein layers of the plasma membranes are very 
thin and fonn a thin lntraperlod line situated In the 
center of the lighter lipld layer. At the node of Ranvier. 
two adjacent Schwann cells tennlnate, and the myelln 
sheaths become thinner by the turning off of the lamel
lae (Fig. 3-5). At these regions. the plasma membrane of 
the axon, the axolemma, is exposed. 

The lndsures of Schmldt-1.anterman are seen on 
longitudinal sections of myelinated nerve fibers. They 
represent areas where the dark major dense line is 
not formed as a result of the localized persistence of 
Schwann cell cytoplasm (Fig. 3-7). This persistence of 
cytoplasm involves all the layers of the myelin, and 
thus, there Is a continuous spiral of cytoplasm from 
the outermost region of the Schwann cell to the region 
of the axon. This spiral of cytoplasm may provide a 

pathway for the conduction of metabolites from the 
surface region of the Schwann cell to the axon. 

In the cenlral nervous ayatem (Cl6), oligodendro
cytes are responsible for the formation of the myelin 
sheaths. The plasma membrane of the oligodendrocyte 
becomes wrapped around the axon, and the number 
of layers wlll determine the thlckness of the myelin 
sheath (Fig. 3-3). The nodes of Ranvler are sltuated 
in the Intervals between adjacent oligodendrocytes. A 
single oligodendrocyte may be connected to the myelln 
sheaths of as many as 60 nerve fibers. For this reason, 
the process of myellnatlon in the CNS cannot take place 
by rotation of the oligodendrocyte on the axon, as did 
the Schwann cell in the PNS. Myelination in the CNS 
possibly occurs by the growth in length of the process 
of the oligodendrocyte, the process wrapping itself 
around the axon. lncisures of Schmidt-Lanterman exist 
In CNS nerve flbers. Table 3-1 provides a summary of 
facts concerning CNS and PNS myellnatlon. 

(text continue on page 7!1) 
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FlguN 3-3 The relationship between an oligodendrocyte and myelinated nerve fibers 
in the central nervous system. Note the absence of a basement membrane. 
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Figure 3-4 A myelinated nerve fiber in the peripheral nervous system. A-D: Cross sections showing the 
stages in the formation of the myelin sheath. E: A longitudinal section of a mature myelinated nerve fiber 
showing a node of Ranvier. Note the presence of a basement membrane. 
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Figure 3-5 Electron micrograph of a longitudinal section of several 
myelinated axons showing the structure of a node of Ranvier (arrow). At 
the node, two adjacent Schwann cells terminate, and the myelin sheaths 
become thinner by the turning off of the lamellae. Note the many micro
tubules and microfilaments within the axons (x12,220). (Courtesy Dr. H. 
de F. Webster.) 



Figure 3-6 Electron micrograph of a ttansverse section of a peripheral 
nerve showing a myelinated axon with spiral myelin lamellae (center). 
Note the mesaxon (arrow). Parts of two other myelinated fibers are also 
shown. A number of nonmyelinated axons are enclosed in the peripheral 
cytoplasm of a Schwann cell (top). The mesaxons are indicated by arrows 
{x28,000). (Courtesy Dr. H. de F. Webster.) 

Nerve Fiber'$ 77 



78 CHAPTER 3 Nerve Fiber$ and Peripheral Innervation 

Basement membrane,__ __ 

A 

Schmidt-Lanterman lnclsure 

B 

~ \ . 
\ 

\ 
\, 
•, 
\ 

. Axon 

·-..........., 
·--...._, Nucloos of Schwann cell 

/ Cy!Oplum of Schwann cell 

I '\ 

Axon 

/ 
I 

Figure 3.7 Schmidt~nterman incisures in the myelin sheath of a peripheral nerve. A: Trans
verse section of a myelinated nerve fiber. B: Schematic diagram of a myelinated nerve fiber in 
which the myelin sheath has been unrolled. 

Table 3-1 Classification of Neurons 

Peripheral nerve Schwann c:ell Present Present 

CNS tract Oligodendroc:yte Up to 60 Present I Present 

CNS, CW1tn1I nervous system. 

Present 

Absent 



Myelin shea11( 

Processes of Schwann cells 

Nonmyelinated Nerve Fibers 
The smaller axons of the CNS, the postganglionlc axons 
of the autonomic part of the nervous system, and some 
fine sensory axons associated with the reception of 
pain are nonmyelinated. 

In the PNS, each axon, which is usually less than 
1 µm in diameter, indents the surface of the Schwarm 
cell so that it lies within a trough (Fig. 3-2). As many 
as 15 or more axons may share a single Schwann cell, 
each lying within its own trough or sometimes sharing a 
trough. In some situations, the troughs are deep and the 
axons are embedded deep ln the Schwann cells, forming 
a meauon from the Schwann cell plasma membrane 
{Fig. 3-8; also see Fig. 3-6). The Schwann cells lie close 
to one another along the length of the axons, and nodes 
of Ranvier do not exist. 

In areas with synapses or where motor transmis
sion occurs, the axon emerges from the trough of the 
Schwann cell for a short distance, thus exposing the 
active region of the axon (Fig. 3-9). 

In the CNS, nomnyelinated nerve fibers run in small 
groups and are not particularly related to the ollgoden
drocytes. 

Sctrwann cell 
cy!oplaam 
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Figure 3-8 Electron micro
graph of a transverse section of 
a myelinated nerve fiber and sev
eral nonmyelinated nerve fibers. 
(Courtesy Dr. J. M. Kerns.) 

Nonrnyellnated axons Schwann cell Bare axon 

~ //_ 
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Smooth muscle fiber 

Rgure 3-9 Autonomic neuromuscular junction between a 
nonmyelinated axon and a smooth musde fiber. 
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Rgwe 3-10 Peripheral nerve. l.s. Paraffin section. x270. This 
is a higher magnification of a region similar to the boxed area 
of Figure 1a. A distinguishing characteristic of longitudinal 
sections of peripheral nerves is that they appear to follow 
a zigzag course, particularly evident in this photomicrograph. 
The sinuous course of these fibers is accentuated by the pres
ence of nudei of Schwann cells (ScC), fibroblasts (F), and endo
thelial cells of capillaries belonging to 1he endoneurium. Many 
af these nerve fibers are myelinated (M) as corroborated by 
the pAtSence of the nodes af Ranvier (NR) and myelin proteins 
around the axons (Ax). (From Gartner, L P. Color Atlas and 
Text of Histology, 7 e. Baltimore: Wolters Kluwer, 2018.) 

PERIPHERAL NERVES 
Peripheral nerves is a collective term for the cranial 
and spinal nerves. Each peripheral nerve consists of 
parallel bundles of nerve fibers, which may be efferent 
or afferent axons, may be m.yellnated or nonmyelln
ated, and are surrounded by connective tissue sheaths 
(Figs. 3-10 and 3-11). 

The nerve trunk Is surrounded by a dense connective 
tissue sheath called the eplneurlum. (Fig. 3-12). Within 
the sheath are bundles of nerve fibers. each of which 
ls surrounded by a connective tissue sheath called the 
perlneurlwn. Between the individual nerve fibers is 
a loose, delicate connective tissue referred to as the 
endoneurlum. The connective tissue sheaths serve to 
support the nerve fibers and their associated blood 
vessels and lymph vessels. Peripheral nerve fibers can 
be classified according to their speed of conduction and 
size (see Table 2-3). 

Figure 3-11 Peripheral nerve sheaths and compartments. 
A:. A low-power view of a transverse section of a normal 
sural nerve. The nerve fascicles with roughly circular out
lines are surrounded by perineurium and embedded in the 
connective tissue of the epineurium. Epineurial blood ves
sels (A) are also cut in cross section and there is adherent 
adipose tissue. The 1 IJm sections are stained with hema
toxylin and eosin (x16). B: The endoneurial compartment 
containing myelinated and non-myelinated nerve fibers 
and their accompanying Schwann cells is surrounded by 
perineurium. Paraffin section stained with hematoxylin and 
eosin (><45). (From Mills, S. E. Histology for Pathologists, 
4e. Philadelphia, PA: Wolters Kluwer, 2013.) 

Spinal Nerves and Spinal Nerve Roots 
The 31 pairs of spinal nerves leave the spinal cord and 
pass through intervertebral foramina in the vertebral 
column. (For details, see Fig. 1-5.) Each spinal nerve is 
connected to the spinal cord by two roota: the anterior 
root and the poaterlor root (Fig. ~13). The anterior 
root consists of bundles of nerve fibers carrying nerve 
bnpulses away from the CNS, the efferent tlben. The 
poaterlor root consists of bundles of nerve fibers 
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Figunt 3-12 Structure of a peripheral nerve. 

carrying nerve Impulses to the CNS, the afferent ftbera. 
Because these fibers are concerned with conveying 
information to the CNS, they are called eensory fiber& 
The cell bodies of these nerve fibers are situated in a 
swelling on the posterior root called the posterior root 
ganglion. 

Cranial Nerves 
The 12 pairs of cranial nerves (see Fig. 3-13) leave the 
brain and pass through foramina in the skull. Some of 
these nerves are composed entirely of afferent nerve 
fibers bringing sensations to the brain (olfactory, optic, 
and vestlbulocochlear), others are composed entirely 
of efferent fibers ( oculomotor, trochlear, abducent, 
accessory, and hypoglossal), while the remainder pos
sess both afferent and efferent fibers (trtgeminal, facial, 
glossopharyngeal, and vagus). The cranial nerves are 
described in detail in Chapter 11. 

Sensory Ganglia 
The sensory ganglia of the posterior spinal nerve roots 
and of the trunks of the trtgemlnal, facial, glossopharyn
geal, and vagal cranial nerves have the same structure. 
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Each ganglion Is surrounded by a layer of connective 
tissue that is continuous with the eplneuriwn and 
perlneurium of the peripheral nerve. The neurons are 
unipolar, possessing cell bodies that are rounded or 
oval In shape (Fig. 3-14). The cell bodies tend to be 
aggregated and separated by bundles of nerve fibers. 
A single nonmyelinated process leaves each cell body 
and. after a convoluted course, bifurcates at a T junc
tion into peripheral and central branches. The former 
axon terminates in a series of dendrites in a peripheral 
sensory ending, and the latter axon enters the CNS. 
The nerve Impulse, on reaching the T junction, passes 
directly from the peripheral axon to the central axon, 
thus bypassing the nerve cell body. 

Each nerve cell body is closely surrounded by a 
layer of flattened cells called capatlar cell8 or sateJ.. 
lite cell8. The capsular cells are similar in structure to 
Schwann cells and are continuous with these cells as 
they envelop the peripheral and central processes of 
each neuron. 

Autonomic Ganglia 
The autonomic ganglia (sympathetic and parasympa
thetic ganglia) are situated at a distance from the brain 
and spinal cord. They are found in the sympathetic 
trunks, in prevertebral autonomic plexuses (e.g., tn the 
cardiac, cellac, and mesenterlc plexuses), and as gan
glia in or close to viscera. Each ganglion Is surrounded 
by a layer of connective tissue that is continuous with 
the epineurium and perineurium of the peripheral 
nerve. The neurons are multipolar and possess cell 
bodies that are irregular in shape (Fig. 3-15). The den
drites of the neurons make synaptic connections with 
the myelinated axons of preganglionic neurons. The 
axons of the neurons are of small diameter (C fibers) 
and unmyelinated, and they pass to viscera, blood ves
sels, and sweat glands. 

Just as with sensory ganglia, each nerve cell body is 
closely surrounded by cape:ular cells (or 88.lelllte c:e1la ). 
Unlike those of sensory ganglia, however, these capsu
lar cells are slmllar in structure to Schwarm cells and 
are continuous with them as they envelop the periph
eral and central processes of each neuron. 

Peripheral Nerve Plexuses 
Peripheral nerves are composed of bundles of nerve 
fibers. In their course, peripheral nerves sometimes 
divide Into branches that join neighboring peripheral 
nerves. If this occurs frequently, a network of nerves, 
called a nerve plexus. forms. Note that the formation 
of a nerve plexus allows individual nerve fibers to pass 
from one peripheral nerve to another, and In most 
ln.ttancu, branchlng of nerve ftben does not take 
place. A plexus thus permits a redistribution of the 
nerve fibers within the different peripheral nerves. 

At the root of the limbs, the anterior rami of the 
spinal nerves form complicated plexuses. The cervical 
and brach!al plexuses are at the root of the upper limbs 
(Fig. 3-16), and the lwnbar and sacral plexuses are at 
the root of the lower llmbs. This allows the nerve fibers 
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Figure 3-13 A: Transverse section of the 
thoracic region of the spinal cord showing 
the formation of a spinal nerve from the 
union of an anterior and a posterior nerve 
root. B: Transverse section of the pons 
showing the sensory and motor roots of the 
trigeminal nerve. 

Figure 3-14 Sensory ganglion. l.s. Human. Paraffin section. 
x132. The dorsal root ganglion provides a good representative 
example of a sensory ganglion. It possesses a vascular (BV) con· 
nective tissue capsule (C), which also envelops its sensory root. 
The neurons of the dorsal root ganglion are pseudounipolar in 
morphology; therefore, their somata (So) appear spherical in 
shape. The fibers (f), many of which are myelinated, alternate 
with rows of cell bodies. Note that some somata are large 
(arrow), whereas others are small (arrowhead). Each soma is 
surrounded by neuroectodermally derived capsule cells (Cc). 
A region similar to the boxed area is presented at a high mag
nification in Figure 4. (From Gartner, L P. Color Atfas and Text 
of Histology, 7e. Baltimore: Wolters Kluwer, 2018.) 
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Figure 3-15 Photomicrograph of a longitudinal 
section of a ganglion of the sympathetic tTunk 
stained with hematoxylin and eosin (x300). 

derived from different segments of the spinal cord to be 
arranged and distributed efficiently in different nerve 
trunks to the various parts of the upper and lower limbs. 

a rearrangement of nerve fibers before they reach their 
terminal sensory endings. 

The autonomic nervous system also possesses 
numerous nerve plexuses that consist of pregangltonic 
and postgangllontc nerve fibers and ganglia. 

Cutaneous nerves, as they approach their final desti
nation, commonly form flne plexuses that again permit 
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Figure 3-16 Brachia! plexus. 
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RECEPTOR ENDINGS 
.An individual receives Impressions from the outside 
world and from within the body by special sensory 
nerve endings or receptors. 

Sensory receptors can be classified into five basic 
functional types: 

Mechanorecepton respond to mechanical deformation. 
lbermorecepton respond to changes In temperature; 

some receptors respond to cold and others to heat. 
Nod.cepton respond to any stimuli that bring about 

damage to the tissue. 
Electromagnetic recepton, the rods and cones of the 

eyes, are sensitive to changes in light intensity and 
wavelength. 

Chemorecepton respond to chemical changes asso
ciated with taste and smell and oxygen and carbon 
dioxide concentrations in the blood. 

Anatomical Types of Receptors 
For convenience, the sensory endings can be classified, 
on a structural basis, into nonencapsulated and encap
sulated receptors. Table 3-2 classifies and compares the 
receptor types. 

Nonencapsulated Receptors 

Free NerDe Endlll'8 
Free nerve endings are widely distributed throughout the 
body {Fig. 3-17). They are found between the epithelial 
cells of the skin, the cornea, and the alimentary tract, 

and In connective tissues, including the dermis, fascia, 
ligaments, joint capsules, tendons, perlostewn, perl
chondrium, haverslan systems of bone, tympanic mem
brane, and dental pulp; they are also present in muscle. 

The afferent nerve fibers from the free nerve endings 
are either myelinated or nonmyellnated. The terminal 
endings are devoid of a myelin sheath as well as Schwann 
cells covering their tips. 

Most of these endings detect pain, while others 
detect crude touch, pressure, and tickle sensations, and 
possibly cold and heat. 

Merlwl Discs 
Merkel discs are found in hairless skin, for example, the 
fingertips {Figs. 3-18 and 3-19), and In hair follicles. The 
nerve fiber passes into the epidermis and terminates 
as a disc-shaped expansion that ls applied closely to 
a dark-staining epithelial cell in the deeper part of the 
epidermis, called the Merkel cell. in hairy skin, clusters 
of Merkel discs, known as tactile dome., are found in 
the epidermis between the hair follicles. 

Merkel discs are slowly adapting touch receptors 
that transmit information about the degree of pressure 
exerted on the skin, such as from holding a pen. 

Hair Follicle R«eptors 
Nerve fibers wind around the folllcle in its outer con
nective tissue sheath below the sebaceous gland. Some 
branches surround the folllcle, while others run parallel 
to its long axis (Figs. 3-20 and 3-21). Many naked axon 
filaments terminate among the cells of the outer root 
sheath. 

Table 3-2 Classification and Comparison of Receptor Types 

Nonencapsulated Receptors 

Free nerve ending-;-TEpidermis, eomea, gut, 
·- I -,.dennis, ligaments, 

Mechanoreceptor I Pain (fast), pain -rRa'"pid 
(slow), touch I .. _, 

joint capsules, bone, 
dental pulp, etc. I 

(crude), pressure, 
heat and cold 

Merkel discs Hairiess skin 

Hair follicle receptors Hairy skin 
- --

Mechanoreceptor ----Mechanoreceptor 

Touch 

Touch 

Slow 

___ ! Rapid 

Encapsulated Receptors 

Medsn.,. corpusd.. I Oe•mal pap;nae of sldn I Median._, I Touch 
of palm and sole of 
foot 

Pacinian corpuscles De.r'!'is, ligaments, Mechanoreceptor Vibration 
JO•nt capsules, 
peritoneum, external I I genitalia, etc. 

Ruffini eorpuscles ~mis of hairy skiniMechano~ptor }Jtretch 

Neuromuscular f keletal muscle Mechanoreeeptor l Stretch-musde 
spindles length 

Neurotendinous Tendons Mechanoreceptor Compression-
spindles muscle tension 

I 

Rapid 

Rapid 

1 Slow 

I Fast 

1 

Fast 

AS,C 

----t-
A~ 

_____ Al} 

A~ 

Aa..A 
IJ -------t-

A a. 
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Figure 3-17 Free nerve endings in the skin. The nerve fibers in the epidermis 
are naked. 

Bending of the hair stimulates the follicle receptor, 
which belongs to the rapidly adapting group of meclla
noreceptors. While the hair remains bent, the receptor 
Is silent, but when the hair is released, a further burst 
of nerve impulses is initiated. 

Epidermis 

Dermis 

A 

Encapsulated Receptors 

Encapsulated receptors show wide variations in size 
and shape, and the termination of the nerve ls covered 
by a capsule. 

B 

\ 

Tactile cell 
I ,. 

l 

Schwann cell Naked axon 

F'igure 3-18 Merkel discs in the skin. A: Low magnification. B: Merkel disc showing the 
expanded ending of an axon with a stippled tactile cell. 
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Figure 3-19 Photomiaograph of digital skin showing fine nerve terminals 
ending in Merkel discs, stained by the silver method. {Courtesy Dr. N. Cauna.) 
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Figure 3-aO Nerve endings around a hair follicle. 
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Figure 3-.21 Photomicrograph of nerve endings around a hair follicle stained by the 
silver method. (Courtesy Dr. M. J. T. Fitzgerald.) 

Melnner CorpU6clu 
Meissner corpuscles are located In the dermal papillae of 
the skin {Figs. 3-22 and 3-23), especially that of the palm 
of the hand and the sole of the foot. Many also are present 
in the skin of the nipple and the external genitalia. Each 
corpuscle is ovoid in shape and consists of a stack of 

Myellnated nerve fibers----

modified flattened Schwann cells arranged transversely 
across the long axis of the corpuscle. The corpuscle is 
enclosed by a capsule of connective tissue that is con
tinuous with the endoneurlum of the nerves that enter 
it. A few myelinated nerve fibers enter the deep end of 
the corpuscle; myelinated and unmyelinated branches 

Epidermis 

-~---......-_______ _ 
Dermis 

Figure 3-22 Detailed structure of a Meissner corpusde in the skin. 
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decrease In size and ramify among the Schwann cells. 
The nwnber of Meissner corpuscles considerably dimin
ishes between birth and old age. 

se Meissner corpuscles are very sensitive to touch and 
are rapidly adapting mechanoreceptors. They enable 
an individual to distinguish between two pointed struc
tures when they are placed close together on the skin 
(two-point tactile discrimination). 

Pacinian Corpuaclu 
Pacinian corpuscles (Figs. ~24 and ~25) are widely dis
tributed throughout the body and are abundant In the 

--~--~~-:::-:;---1!!~ N dermis, subcutaneous tissue, ligaments, Joint capsules, 

NF 

Figure 3-23 Photomicrograph of a Meissner corpuscle of 
the skin. (Courtesy Dr. N. Cauna.) 

Epidermis 

Dermis 

pleura, peritoneum, nipples, and external genitalia. Each 
corpuscle is ovoid in shape, measuring about 2 mm 
long and about 100 to 500 µm across. It consists of a 
capsule and a central core containing the nerve ending. 
The capsule consists of numerous concentric lamellae 
of flattened cells. A large myelinated nerve fiber enters 
the corpuscle and loses its myelfn sheath and then its 
Schwann cell covering. The naked axon, surrounded by 
lamellae formed of flattened cells, passes through the 
center of the core and terminates in an expanded end. 

The Pacinian corpuscle is a rapidly adapting mecha
noreceptor that is particularly sensitive to vibration. It 
can respond to up to 600 stimuli per second. 

Ruffini Corpaaclu 
Ruffini corpuscles are located In the dermis of hairy 
skin. Each corpuscle consists of several large unmy
eUnated nerve fibers ending within a bundle of collagen 
fibers and surrounded by a cellular capsule. These 

-.....--~- Capsule continuous with 
endoneurlum 

Figure 3-24 Detailed structure of a Pacinian corpuscle in the skin. 



Figure 3-25 Pac:inian c:orpuscle. Paraffin section. 132. 
Pacinian corpuscles, located in the dermis and hypodermis, 
are mechanorec:eptors. They are composed of a core with 
an inner (IC) and an outer {OC) region, as well as a capsule 
(Ca) that surrounds the core. The inner core invests the 
afferent nerve fiber (NF), which loses its myelin sheath soon 
after entering the corpuscle. The core cells are modified 
Sc:hwann cells, whereas the components of the capsule are 
continuous with the endoneurium of the afferent nerve fiber. 
Pacinian corpuscles are readily recognizable in section since 
they resemble the cut surface of an onion. Observe the 
presenc:e of an arrecior pili muscle (AP) and profiles of ducts 
(d) of a sweat gland in the vic:inity of, but not assoc:iated 
with, the pacinian corpuscle. (Fmm Gartner, L. P.. Color Atlas 
and Text of Histology, 7e. Baltimore: Wolters Kluwer, 2018.) 

slowly adapting mechanoreceptors are stretch recep
tors, which respond when the skin is stretched. 

Cutaneous Receptor Function 
The different histologic types of receptors were pre
viously thought to correspond to specific types of 
sensation, until scientists pointed out that some areas 
of the body have only one or two histologic types of 
receptors and yet are sensitive to a variety of different 
stimuli. Moreover, although the body has these differ
ent receptors, all nerves only transmit nerve impulses. 
Now scientists generally agree that the type of sensa
tion felt Is determined by the spectftc area of the CNS 
to which the afferent nerve fiber passes. For example, if 
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a pain nerve fiber is stimulated by heat, cold, touch, or 
pressure, the Individual wtll experience only pain. 

Sensory Stimulus Transduction into 
Nerve Impulse 
Transduction is the process by which one form of 
energy (the stlmulus) ts changed Into another form of 
energy (electrochemical energy of the nerve Impulse). 
The stimulus, when applled to the receptor, brings about a 
change in potential of the plasma membrane of the nerve 
ending. Because this process takes place In the receptor, 
it is referred to as the receptor potential The amplltude 
of the receptor potential ls proportional to the intensity 
of the stimulus. By opening more ton channels for a lon
ger time, a stronger mechanical pressure, for example, 
can produce a greater depolarization than does weak 
pressure. With chemoreceptors and photoreceptors, the 
receptor potential is produced by second messengers 
activated when the stimulus agent binds to the mem
brane receptors coupled to G proteins. If large enough, 
the receptor potential will generate an AP that wtll travel 
along the afferent nerve fiber to the CNS. 

Joint Receptors 
Four types of sensory endings can be located in the 
capsule and ligaments of synovial joints. Three of these 
endings are encapsulated and resemble Pacinian, Ruf
fini, and tendon stretch receptors. They provide the 
CNS with information regarding the posttlon and move
ments of the Joint. A fourth type of ending is nonen
capsulated and is thought to be sensitive to excessive 
movements and to transmit pain sensations. 

Neuromuscular Spindles 
Neuromuscular spindles, or muscular spindles (Figs. 3-26 
and 3-27), are found in skeletal muscle and are most 
numerous toward the tendtnous attachment of the 
muscle. They provide the CNS with sensory Information 
regarding the muscle length and the rate of change in 
the muscle length. The CNS uses this information to 
control muscle activity. 

Each spindle measW"eS about 1 to 4 mm in length 
and is surrounded by a fusiform capsule of connective 
tissue (Fig. 3-28). Within the capsule are 6 to 14 slender 
lntrafulal muad.e ftben; the ordinary muscle fibers sit
uated outside the spindles are ref erred to as ex.trafusal 
fibers. The intrafusal fibers of the spindles are of two 
types: the nuclear bag and nuclear chaln fibers. The 
nuclear bag fibers are recognized by the presence of 
numerous nuclei In the equatorial region, which conse
quently Is expanded; also, cross striations are absent In 
this region. ln the nuclear chain fibers, the nuclei form 
a single longitudinal row or chain in the center of each 
fiber at the equatorial region. The nuclear bag fibers 
are larger in diameter than the nuclear chain fibers, 
and they extend beyond the capsule at each end to be 
attached to the endomysium of the extrafusal fibers. 

The two types of sensory innervation of muscle spin
dles are annulospiral and flower spray. The annuloeplral 
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Figure 3-26 Neuromuscular spindle showing two types of intrafusal fibers: the nuclear bag 
and nuclear chain fibers. 

endlngl are situated at the equator of the intrafusal 
fibers. As the large myellnated nerve fiber pierces the 
capsule, It loses Its myelln sheath, and the naked axon 
winds spirally around the nuclear bag or chain portions 
of the lntrafusal fibers. 

The Dower...,ray endings are situated mainly on 
the nuclear chain fibers some distance away from the 
equatorial region. A myellnated nerve fiber slightly 
smaller than that for the annulospiral ending pierces 
the capsule and loses its myelin sheath, and the naked 
axon branches tenninally and ends as varicosities; it 
resembles a spray of flowers. 

Stretching (elongation) of the intrafusal fibers results 
In stlmulatlon of the annulospiral and flower-spray 
endings, and nerve Impulses pass to the spinal cord In 
the afferent neurons. 

Motor innervation of the intrafusal fibers is provided 
by fine y motor fibers. The nerves terminate In small 
motor endplates situated at both ends of the lntrafusal 
fibers. Stimulation of the motor nerves causes both 
ends of the intrafusal fibers to contract and activate 
the sensory endings. The equatorial region, which lacks 
cross striations, is noncontractlle. The extrafusal fibers 
of the remainder of the muscle receive their innervation 
In the usual way from large o;.size axons. 

Neuromuscular Spindle Function 
Under resting conditions, the muscle spindles give rise 
to afferent nerve bnpulses all the time, and most of 
this information Is not consciously perceived. When 
muscle actlvlty occurs, either actively or passively, the 
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Figure 3-27 Photomicrograph of a neuromuscular spindle. 
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Figure 3-28 Muscle spindle. Mouse. Electron microscopy. x6,300. Part3 of the outer capsule 
(oC) may be observed at the corners of this elec110n micrograph. The periaxial space (PS) 
surrounds the slender inner capsule (iC), whose component cells form attenuated branches, 
subdividing the axial space (AS) into several compartments for the nudear chain (NC) and 
nudear bag (NB) intrafusal fibers and their corresponding sensory terminals (Sn. Note that 
the attenuated proc:vsses of the inner capsule cells establish contact with each other (arrows). 
(From Ovalle, W., Dow, P. (1983). Comparative ultrastructure of the inner capsule of the muscle 
spindle and the tendon organ. American Journal of Anatom}'I 166, 343-357.) 
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lntrafusal fibers are stretched, and the rate of passage 
of nerve Impulses to the spinal cord or brain increases 
in the afferent neurons. Slmllarly, If the lntrafusal fibers 
are now relaxed due to the cessation of muscle activity, 
the result is a decrease in the rate of passage of nerve 
Impulses. The neuromuscular spindle thus plays a very 
Important role lo keeping the CNS Informed about the 
length of a muscle and the rate of change of its length, 
thereby indirectly influencing the control of voluntary 
muscle. 

Stretch Reflex 

The neurons of the spinal cord Involved In the sim
ple stretch reflex are as follows. Stretching a muscle 
results In elongation of the intrafusal fibers of the 
muscle spindle and stimulation of the annulospiral and 
flower-spray endings. The nerve impulses reach the 
spinal cord In the afferent neurons and synapse with 
the large a motor neurons situated In the anterior gray 
horns of the spinal cord. Nerve impulses now pass via 
the efferent motor nerves and stimulate the extrafusal 
muscle fibers, and the muscle contracts. This simple 
stretch reflex depends on a two-neuron arc consisting 
of an afferent neuron and an efferent neuron. Interest
ingly, the muscle spindle afferent Impulses Inhibit the a 
motor neurons supplying the antagonist muscles. This 
effect ls called reciprocal lnhlbltton. 

• 

lntrnusal Fiber Control 

In the brain and spinal cord, certain centers give rise to 
tracts that synapse with y motor neurons in the spinal 
cord. The reticular formation, the basal ganglia, and 
the cerebellum are examples of such centers. By these 
means, these centers can greatly Influence voluntary 
muscle actlvtty. The 'Y efferent motor fibers cause short
ening of the lntrafusal fibers, stretching the equatorial 
regions and stimulating the annulosplral and Oower
spray endings. This, In turn, Initiates the reflex contrac
tion of the extrafusal fibers described previously. 

Approximately one-third of all the motor fibers pass
ing to a muscle are 'Y efferents; the remaining two-thirds 
are the large a motor fibers. The nuclear bag fibers 
are believed to be concerned with dynamic responses 
and are associated more with position and velocity of 
contraction, whereas the nuclear chain fibers are associ
ated with slow static contractions of voluntary muscle. 

Neurotendinous Spindles 
Neurotendinous spindles (Golgi tendon organs) are pres
ent in tendons and are located near the junctions of ten
dons with muscles (Fig. 3-29). They provide the CNS with 
sensory information regarding the tension of muscles. 

Ea.ch spindle consists of a fibrous capsule that 
surrounds a small bundle of loosely arranged tendon 
(collagen) fibers Ontrafusal fibers). The tendon cells are 

Muscle tlbel"B 
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Figure 3-29 A neurotendinous spindle. 



larger and more numerous than those found elsewhere 
In the tendon. One or more myellnated sensory nerve 
fibers pierce the capsule, lose their myelln sheath, 
branch, and terminate in club-shaped endings. 

The nerve endings are activated by being squeezed 
by the adjacent tendon fibers within the spindle when 
tension develops in the tendon. Unlike the neuromus
cular spindle, which is sensitive to changes in muscle 
length, the neurotendinous organ detects changes in 
muscle tension. 

Neurotendlnous Sptndle Function 
Increased muscle tension stimulates the neuroten
dinous spindles, and an increased number of nerve 
impulses reach the spinal cord through the afferent 
nerve fibers. These fibers synapse with the large a 
motor neurons situated in the anterior gray horns of the 
spinal cord. Unlike the muscle spindle reflex, this reflex 
Is inhibitory and Inhibits muscle contraction. In this 
manner, the tendon reflex prevents the development of 
too much tension ln the muscle. Although this function 
Is probably important as a protective mechanism, Its 
main function ls to provide the CNS with information 
that can influence voluntary muscle activity. 

EFFECTOR ENDINGS 
The PNS controls muscle and secretory cell functions. 
These axonal endings establish chemical synapses on 
nonneuronal cells such as skeletal, smooth, and cardiac 
muscle cells and to the cells of glandular tissue. 
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Skeletal Muscle Innervation 
Skeletal muscle is Innervated by one or more nerves. In 
the limbs and head and neck, the innervation is usually 
single, but, in the large muscles of the abdominal wall, 
the innervation is multiple, the latter muscles having 
retained their embryonic segmental nerve supply. 

The nerve supply and blood supply to a muscle 
enter It at a more or less constant position called the 
nearovatCUlar hilus. The nerve to a muscle contains 
motor and sensory fibers. The motor fibers are of three 
types: (1) large a myellnated fibers, (2) small y myelin
ated fibers, and (3) fine wamyellnated C fibers. The large 
myelinated axons of the a anterior horn cells supply the 
extrafusal fibers that form the main mass of the muscle. 
The small ymyelinated fibers supply the intrafusal fibers 
of the neuromuscular spindles. The fine unmyellnated 
fibers are postganglionic autonomic efferents that sup
ply the smooth muscle in the walls of blood vessels. 

The sensory fibers are of three main types: (1) 
myelinated fibers that originate in annulospiral and 
flower-spray endings of the neuromuscular spindles, 
(2) myelinated fibers that originate in neurotendinous 
spindles; and (3) myellnated and nonmyellnated fibers 
that originate from a variety of sensory endings in mus
cle connective tissue. 

Motor Unit 
The motor unit may be defined as the single a motor 
neuron and the muscle fibers that it Innervates 
(Fig. 3-30). The muscle fibers of a single motor unit 
are widely scattered throughout the muscle. Where 

Afferent neuron 

Neuromusoolar 
spin dies 

\ 
' l 

r-~~\ 

\ 

\ 
\ 
\ 

Lower motor Alpha anterlor 
neuron hom cell 

~. Motor end-plate 

Figure 3-30 Simple reflex arc consisting of an afferent neuron arising from neuromuscular 
spindles and neurctendinous spindles and an efferent lower motor neuron whose cell body is an 
a anterior horn cell within the spinal cord. Note that the efferent neuron terminates on muscle 
fibers at motor endplates. 
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fine, precise muscle control ts required, such as In the 
extraocular muscles or the small muscles of the hand, 
the motor units possess only a few muscle fibers. 
Where precise control Is not necessary, however, as 
In a large limb muscle such as the gluteus maximus, a 
single motor nerve may Innervate many hundreds of 
muscle fibers. 

Skeletal Muscle Neuromuscular Junctions 
Skeletal muscle fibers are innervated by large, « myelin
ated nerve fibers derived from large motor neurons In 
the anterior gray columns (horns) of the spinal cord 
or from cranial nerve motor nuclei. As each myelln
ated fiber enters a skeletal muscle, It branches many 
times. The number of branches depends on the size of 
the motor unit. A single branch then terminates on a 

;;· 

Sole plate 
A 

muscle fiber at the neuromUIClllar joncdon or motor 
endplate {Figs. 3-31 and 3-32). 

The great majority of muscle fibers are Innervated by 
just one motor endplate. On reaching the muscle fiber, 
the nerve loses Its myelin sheath and breaks up Into a 
number of fine branches. Each branch ends as a naked 
axon and forms the neural element of the motor end
plate (Fig. 3-33). The axon is expanded slightly and con
tains many mitochondria and vesicles (approximately 
45 nm in diameter). At the site of the motor end plate, the 
surface of the muscle fiber is elevated slightly to form 
the mwicular element of the plate, often referred to 
as the 90Je plate (see Fig. 3-31A). The elevation is due to 
the local accumulatlon of granular sarcoplasm beneath 
the sarcolemma and the presence of numerous nuclei 
and mitochondria, the latter providing the ATP, which 
ls the energy source for acetylcholine (ACh) synthesis. 

.lJnctlonal folds 

Figure 3-31 A: A skeletal neuromuscular junction. B: Enlarged view of a muscle 
fiber showing the terminal naked axon lying in the surface groove of the muscle 
fiber. 
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Figure 3-32 Photomicrograph showing nerve fibers terminating on skeletal muscle fibers at 
motor endplates, stained histochemically for acetylcholinesterase and counterstained with silver. 
{Courtesy Dr. M. J. T. Fitzgerald.) 

Muscle fiber 

Motor endplate 
\ 
'· 

_, 
,• 

'\ 
\ 
\ 

'• 

B 

Figure 3-33 A: Photomicrograph of a motor endplate showing terminal branching of a nerve 
fiber. B: Electron micrograph of a terminal axon at a motor endplate showing the axon lying in a 
groove on Ute surface of the muscle fiber. (Courtesy Dr. J. M. Kerns.) 
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Figure 3-34 Electron micrograph of a cross section of an axon at a motor endplate showing the 
axon lying in a groove of folded sarcolemma. (Courtesy Dr. J. M. Kems.) 

The expanded naked axon lies in a groove on the 
surface of the muscle fiber outside the plasma mem
brane (sarcolemma). Each groove is formed by the 
lnfoldlng of the plasma membrane. The groove may 
branch many times, with each branch containing a 
division of the axon. Importantly, the axons are truly 
naked; the Schwann cells merely serve as a cap or roof 
to the groove and never project Into lt. The floor of 
the groove ls formed of the plasma membrane, which 
is thrown into numerous small folds, called junctlonal 
folds. which increase the surface area of the plasma 
membrane that lies close to the naked axon (Fig. 3-34). 

The plasma membrane of the axon (the axolemma or 
presynaptic membrane) is separated, by a space about 
30 to 50 nm wide, from the plasma membrane of the 
muscle fiber (the sarcolemma or postsynaptic mem
brane). This space constitutes the synapdc cleft. The 
synaptic cleft ls fllled with the basement membranes 
of the axon and the muscle fiber (see Fig. 3-318). The 
motor endplate is strengthened by the connective 
tissue sheath of the nerve fiber (endoneurlum), which 
becomes continuous with the connective tissue sheath 
of the muscle fiber (endomysium). 

A nerve impulse (AP), on reaching the presynaptlc 
membrane of the motor endplate, causes the opening 
of voltage-gated Caz+ channels that allow Ca2+ ions to 
enter the axon. This stimulates the fusion of some of 
the synaptic vesicles with the presynaptic membrane 
and causes the release of ACh Into the synaptic cleft. 
The ACh Is thus discharged Into the cleft by a process 
of ezocytods and diffuses rapidly across the cleft to reach 

the nicotinic type of ACh receptors on the postsynaptic 
membrane of the junctional folds. The postsynaptic mem
brane possesses large numbers of ACh-gated channels. 

Once the ACh-gated channels are opened, the post
synaptic membrane becomes more permeable to Na• 
ions, which flow Into the muscle cell, and a local 
potential called the endplate potential Is created. (The 
ACh-gated channels are also permeable to K:'" Ions, 
which flow out of the cell but to a lesser extent.) H the 
endplate potential is large enough, the voltage-gated 
channels for Na+ ions are opened, and an AP will be 
initiated and spread along the surface of the plasma 
membrane (sarcolemma). The wave of depolarization 
is carried into the muscle fiber to the contractile myofi
brils through the system of T tubules. This leads to the 
release of Ca2+ ions from the sarcoplasmic reticulum, 
which, in tum, causes the muscle to contract. 

The amount of ACh released at the motor endplate 
will depend on the number of nerve Impulses arriving at 
the nerve terminal. Once the ACh crosses the synaptic 
cleft and triggers the Ionic channels on the postsynap
tic membrane, it Immediately undergoes hydrolysis due 
to the presence of the enzyme acetylchollnesterate 
(ACbE) (see Fig. 3-32). The enzyme adheres to the fine 
collagen fibrils of the basement membranes in the cleft; 
some of the ACh diffuses away from the cleft. The ACh 
remains in contact with the postsynaptic membrane 
for about 1 msec, and it is rapidly destroyed to prevent 
re-excltatlon of the muscle fiber. After the fall In concen
tration of ACh In the cleft, the Ionic channels close and 
remain closed until more ACh arrives. 



Skeletal muscle fiber contraction is thus controlled 
by the frequency of the nerve Impulses that arrive at 
the motor nerve terminal. A resting muscle fiber shows 
small occasional depolarizations ( endplate potentials) 
at the motor endplate, which are insufficient to cause 
an AP and make the fiber contract. These are believed 
to be due to the sporadic release of ACh into the synap
tic cleft from a single presynaptic vesicle. 

The sequence of events that takes place at a motor 
endplate on stimulation of a motor nerve can be briefly 
summarized as follows: 

ACh ~ Nicotinic type of ACh receptor, ACh.gated 
channels opened~ Na+ Influx~ Endplate potential 
created 

Endplate potential {if large enough) ~ Na+-gated chan
nels opened ~Na+ influx~ AP created 

AP~ Increased release of Caz+~ Muscle fiber contraction 
hnmediate hydrolysis of ACh by AChE ~ ACh-gated 

channels closed ~ Muscle fiber repolarization 

U drugs having a similar chemical structure to ACh 
were to arrive at the receptor site of a motor endplate, 
they might bring about the same changes as ACh and 
mimic its action. Two examples of such drugs are Dlcodne 
and carbamylchollne. If, on the other hand, drugs having 

/ Schwann cell 
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a similar chemical structure to ACh were to arrive at the 
receptor site of a motor endplate and were unable to bring 
about the sequence of changes normally induced by ACh, 
they would occupy the receptor site and block access of 
ACh. Such drugs would be competing with ACh and are 
called competltlve blocldng agenta. An example of such 
a drug is d-tubocurarlne. which causes skeletal muscle to 
relax and not contract by preventing the action of locally 
produced ACh (seep. 114). 

Smooth Muscle Neuromuscular Junctions 
In smooth muscle, where the action is slow and wide
spread, such as within the wall of the intestine, the 
autonomic nerve fibers branch extensively; thus, a 
single neuron exerts control over a large number of 
muscle fibers. In some areas (e.g., the longitudinal layer 
of smooth muscle ln the intestine), only a few muscle 
fibers are associated with autonomic endings, the wave 
of contraction passing from one muscle cell to another 
by means of gap junctions (Fig. 3-35). 

In smooth muscle, in which the action is fast and pre
cision is required, such as in the iris, the branching of 
the nerve fibers is less extensive; thus, a single neuron 
exerts control over only a few muscle fibers. 

Figure 3-35 Autonomic neuromuscular junction. 
The exposed axons are close to the smooth muscle 
fibers. 
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Figure 3-36 Nerve fibers ending around glandular acini. 

The autonomic nerve fibers, which are postgangU
onic, are nonmyellnated. and terminate as a series of 
varlcosed branches. An interval of 10 to 100 nm may 
exist between the axon and the muscle fiber. At the 
site where transmission ls to occur, the Schwann cell is 
retracted so that the axon lies within a shallow groove 
on its surface. Therefore, part of the axon is naked, 
pennitting free diffusion of the transmitter substance 
from the axon to the muscle cell. Here, the axoptasm 
contains numerous vesicles similar to those seen at the 
motor endplate of skeletal muscle. 

Smooth muscle ts innervated. by sympathetic and 
parasympathetic parts of the autonomic system. Those 
nerves that are chollnerglc ltberate ACh at their endings 
by a process of exocytosls, with the ACh being present 
in the vesicles at the nerve ending. Those nerves that 
are noradrenergic liberate noreplnephrlne (NE) at their 
endings by a process of exocytosls, with the NE being 
present in dark-cored vesicles at the nerve endings. Both 
ACh and NE bring about depolarization of the muscle 
fibers innervated, which thereupon contract. The fate of 
these neurotransmitter substances differs. ACh is hydro
lyzed in the presence of AChE in the synaptic cleft of the 
muscle fiber, and NE is taken up by the nerve endings. 
Notably, in some areas of the body {e.g., bronchial mus
cle), the NE liberated from postgangltonlc sympathetic 
fibers causes smooth muscle to relax and not contract. 

Cardiac Muscle Neuromuscular Junctions 
Nonmyelinated postganglionic sympathetic and parasym
pathetic autonomic nerves extend into the cormective 
tissue between the muscle fibers and terminate in close 
proximity to the Individual cardiac muscle fibers. At the 
site where transmission takes place, the axon becomes 
naked because of the retraction of the Schwann cell. This 
permits free diffusion of the neurotransmitter substance 

from the axon to the muscle fiber. Because of the presence 
of Intermittent desmosomes and gap )wictlons between 
abutting muscle fibers, excitation and contraction of one 
muscle fiber rapidly spread from fiber to fiber. 

Nerve Endings on Secretory Cells of Glands 
Nonmyelinated postganglionic autonomic nerves 
extend into the connective tissue of glands and branch 
close to the secretory cells (Fig. 3-36}. In many glands, 
the nerve fibers have been found to Innervate only the 
blood vessels. 

SEGMENTAL INNERVATION OF SKIN 
The area of skin supplled by a single spinal nerve and. 
therefore, a single segment of the spinal cord is called 
a d.ermatome. On the trwik, dermatomes extend rolUld 
the body from the posterior to the anterior median 
plane. Adjacent dermatomes overlap considerably, so 
to produce a region of complete anesthesia, at least 
three contiguous spinal nerves have to be sectioned. 
Note that the area of tactile loss is always greater than 
the area of loss of painful and thermal sensations. The 
reason for this difference ts that the degree of overlap 
of fibers carrying pain and thermal sensations ls much 
more extensive than the overlap of fibers carrying tac
tile sensations. Dermatomal charts for the anterior and 
posterior surfaces of the body are shown in Figures 3-37 
and3-38. 

In the limbs, the arrangement of the dermatomes is 
more complicated because of the embryologic rotation 
of the limbs as they grow out from the trunk. 

In the face, the divisions of the trigeminal nerve sup
ply a precise area of skin, with little or no overlap to the 
cutaneous area of another division. 
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Rgure 3-37 Anterior aspect of the body showing the distribution of cutaneous nerves 
on the left side and dermat:omes on the right side. 
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Figure 3-38 Posterior aspect of the body showing the distribution of cutaneous 
nerves on the left side and dermatomes on the right side. 

SEGMENTAL INNERVATION 
OF MUSCLES 
Skeletal muscle also receives a segmental Innervation. 
Most of these muscles are innervated by more than 
one spinal nerve and, therefore, by the same number 
of segments of the spinal cord. Thus, to paralyze a 
muscle completely, sectioning several spinal nerves or 
destroying several segments of the spinal cord would 
be necessary. 

Leaming the segmental Innervation of all the mus
cles of the body Is an Impossible task. Nevertheless, the 
segmental Innervation of the following muscles should 

be known because testing them by eliciting simple mus
cle reflexes in the patient is possible (Fig. 3-39): 

Bleeps brachll tendon reflex C5-C6: Flexlon of the 
elbow Joint by tapping the bleeps tendon 

Triceps tendon reflex C6-C7 and CS: Extension of the 
elbow Joint by tapping the triceps tendon 

Brachioradlalll tendon reflex C5-C6 and C7: Supina
tion of the radioulnar joints by tapping the insertion 
of the brachioradialis tendon 

AbdomlDal mperftclal reflexes: Contraction of under
lying abdominal muscles by stroking the skin: upper 
abdominal skin T6-T7, middle abdominal skin T8-T9, 
lower abdominal skin T10-T12 
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Flgu ... 3-39 Biceps brac:hii tendon reflex. Note that the reflex arc: 
passes through the fifth and sixth cervical segments of the spinal cord. 
This is usually monosynaptic, and the intemuncial neuron (black) is 
absent. 

Patellar tendon reflex (knee Jen) 1.2, I.3, and IA: Exten
sion of knee joint on tapping the patellar tendon 

Achlllea tendon reflex (ankle jerk) SI and S2: Plantar 
Hexion of ankle joint on tapping the Achilles tendon 
(calcaneus tendon) 

MUSCLE TONE AND MUSCLE ACTION 
A motor unit consists of a motor neuron in the ante
rior gray colunm (horn) of the spinal cord and all the 
muscle fibers it supplles (Fig. 3-40). In a large buttock 
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Figure 3-40 Components of a motor unit. 

muscle, such as the gluteus maxlmus, where fine con
trol Is wanecessary, a given motor neuron may supply 
as many as 200 muscle fibers. In contrast, In the small 
muscles of the hand or the extrinsic muscles of the 
eyeball, where fine control is required, one nerve fiber 
supplies only a few muscle fibers. 

Every skeletal muscle, while resting, is in a partial 
state of contraction, a condition referred. to as ma. 
de tone. With no intermediate stage, muscle fibers 
are either fully contracted. or relaxed; therefore, a few 
muscle fibers within a muscle are fully contracted all 
the time. To bring about this state and to avoid fatigue, 
different groups of motor units and, thus, different 
groups of muscle fibers are activated at different times. 
This is accomplished by the asynchronous discharge of 
nervous impulses in the motor neurons in the anterior 
gray horn of the spinal cord. 

Basically, muscle tone is dependent on the integrity of 
a simple monosynaptic reflex arc composed of two neu
rons in the nervous system (Fig. 3-41). The lengthening 
and shortening in a muscle are detected by sensitive sen
sory endings called mOlcle spindles (see p. 90), and the 
tension Is detected by tendon tplndles (seep. 92). The 
nervous impulses travel In the large afferent fibers to 
the spinal cord. There, they synapse with the motor 
neurons situated In the anterior gray column, which, 
in tum, send impulses down thetr axons to the muscle 
fibers. The muscle spindles themselves are innervated by 
small r efferent fibers that regulate the response of the 
muscle spindles, acting synergically with external stretch. 
In this manner, muscle tone is maintained reflexly and 
adjusted to the needs of posture and movement. 

Should the afferent or efferent pathways of the reflex 
arc be cut, the muscle would lose its tone immediately and 
become flaccid. A Oaccld muscle, on palpation, feels like 
a mass of dough that has completely lost Its resilience. It 
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quickly atrophies and becomes reduced in volume. The 
degree of activity of the motor anterior column cells and, 
therefore, the degree of muscle tone depends on the sum
mation of the nerve Impulses received by these cells from 
other neurons of the nervous system. 

Muscle movement is accomplished by activating 
increasing numbers of motor units and, at the same 
time, reducing the activity of the motor units of muscles 
that will oppose or antagonize the movement. When 
the maximum effort ts required, all the motor units of a 
muscle are active. 

MOTOR UNIT SUMMATION 
When a muscle begins to contract, the smaller motor 
units are stimulated frrst. This is because the smaller 
motor units are innervated by smaller neurons in the 
spinal cord and brainstem, and they have a lower 
threshold of excitability. As the contraction increases, 
progressively larger motor units are recruited. This 
phenomenon causes a gradual increase in muscle 
strength as the muscle contracts. 

MUSCLE FATIGUE 
The progressive loss of strength of a muscle with pro
longed strong contraction is due to the reduction in 
the amounts of ATP within the muscle fibers. Nerve 
impulses continue to arrive at the neuromuscular junc
tion, and normal depolarization of the plasma mem
brane of the muscle fiber occurs. 

POSTURE 
Posture ls the position adopted by the Individual within 
his or her environment. in the standing position, the 

j 

Anterior gray column 
cf spinal coro 

Figure 3-41 Simple reflex ere consist
ing of an afferent neuron arising from 
neuromuscular spindles and neuroten
dinous spindles and an efferent neuron 
whose cell body lies in the anterior 
gray column (hom) of the spinal cord. 
Note that for simplicity, the afferent 
fibers from the neurotendinous spindle 
and the neuromuscular spindle are 
shown as one pathway; in fact, the neu
rotendinous receptor is inhibitory and 
reduces tone, whereas the neuromus
cular spindle is excitatory and increases 
tone. 

line of gravity passes through the odontold process 
of the axis, behind the centers of the hip joints, and in 
front of the knee and ankle joints. In order to stablllze 
the body and prevent It from collapsing, humans have 
well-developed antlgravity muscles that exhibit the 
greatest degree of tone. Therefore, posture depends on 
the degree and distribution of muscle tone, which, in 
turn, depends on the normal integrity of simple reflex 
arcs centered in the spinal cord. 

An individual may assume a particular posture (sit
ting or standing) over long periods of time with little 
evidence of fatigue. The reason for this Is that muscle 
tone ls maintained through different groups of muscle 
fibers contracting in relays, with only a small number 
of muscle fibers within a muscle being in a state of con
traction at any one tlme. The active muscle fiber groups 
are scattered throughout the muscle. 

In order to maintain posture, the simple muscle 
reflex, on which muscle tone is dependent, must receive 
adequate nervous input from higher levels of the ner
vous system (Fig. 342). For example, impulses arising 
from the labyrinths and neck muscles, information 
arising from the cerebellum, midbrain, and cerebral 
centers, and general information arising from other 
muscle groups, joints, and even skln receptors wlll 
result in nervous impulses Impinging on the large ante
rior gray column cells (i.e., the final common pathway) 
controlling the muscle fibers. 

When an Individual assumes a given posture, the 
tone of the muscles controlling that posture Is con
stantly undergoing fine adjustments so that the posture 
is maintained. Normal posture thus depends not only 
on the integrity of the reflex arc but also on the sum
mation of the nervous impulses received by the motor 
anterior gray column cells from other neurons of the 
nervous system (Fig. 343). The detail of the different 
nervous pathways Involved In bringing the Informa
tion to the anterior gray column cells Is dealt with In 
Chapter 4. 
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Figure 3-42 Nervous input from higher levels of the central nervous system, which can 
influence the activity of the anterior gray column (horn) cells of the spinal cord. 
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Figure 3-43 Normal postural tone of skeletal muscle is dependent not only on the integrity of 
the reflex arc but also on the summation of the nervous impulses received by the motor anterior 
gray column (horn) cells from other neurons of the nervous system. 



Neuronal Response to Injury 
The survival of a neuron's cytoplasm depends on its being 
connected, however Indirectly, with the nucleus. The 
nucleus plays a key role in the synthesis of proteins, which 
pass into the cell processes and replace proteins that have 
been metabolized by cell activity. Thus, the cytoplasm of 
axons and dendrites will undergo degeneration quickly if 
these processes are separated from the nerve cell body. 

Nerve Cell Body Injury 
Severe damage of the nerve cell body due to trauma, inter
ference wlth the blood supply, or disease may result in 
degeneration of the entire neuron, including its dendrites 
and synaptic endings. In the brain and spinal cord, the neu
ronal debris and the fragments of myelln (If the processes 
are myellnated) are engulfed and phagocytosed by the 

Di8tal end 
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mlcrogllal cells. Later, the neighboring astrocytes prollfer
ate and replace the neuron with scar tissue. 

In the peripheral nervous system (PNS), the tissue 
macrophages remove the debris, and the local fibroblasts 
replace the neuron with scar tissue. 

Nerve Cell Process Injury 
If the axon of the nerve cell ls divided, degeneratJve changes 
will take place in (1) the distal segment that Is separated 
from the cell body, (2) a portion of the axon proEimal to 
the injury, and (3) possibly the cell body from which the 
axon arises. 

CHANGES IN THE DISTAL SEGMENT OF lHE AXON 
The changes spread distally from the site of the lesion 
(Fig. 3-44) and include Its terminations; the process ls 
referred to as walledan degenerallon. In the PNS, on the fll'St 
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Figure 3-44 A-D: Degeneration and 
regeneration in a divided nerve. 
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Figure 3-45 Photomicrographs of motor neurons of 
the anterior gray column of the spinal cord. A: Nissl 
substance in normal neurons. B: Following section of 
anterior roots of spinal nerve, showing chromatolysis. 

day, the axon becomes swollen and lrregular; by the third or 
fourth day, the axon Is broken Into fragments, and the debris 
ls digested bythe surrounding Schwann cells and tissue mac
rophages. The entire axon Is destroyed within a week. 

Meanwhile, the myeUn sheath slowly breaks down, and 
lipid droplets appear within the Schwann cell cytoplasm. 
Later, the droplets are extruded from the Schwann cell and 
subsequently phagocytosed by tissue macrophages. The 
Schwarm cells now begin to proliferate rapidly and become 
arranged In parallel cords within the persistent basement 

membrane. The endoneurlal sheath and the contained cords 
of Schwann cells are referred to as a band fiber. If regener
ation does not occur, the axon and the Schwann cells are 
replaced by fibrous tissue produced by local fibroblasts. 

(n the central nervous system (CNS), degeneration of 
the axons and the myelln sheaths follows a similar course, 
and the debris Is removed by the phagocytfc activity of the 
mlcrogllal cells. Llttle Is known about the role of ollgod~ 
drocytes in this process. The astrocytes now proliferate 
and replace the axons. 

CHANGES IN nlE PROXIMAL SEGMENT OF nlE AXON 
The changes in the proximal segment of the axon are similar 
to those that take place In the distal segment (see Ftg. M-4) 
but extend only proldmally above the lesion as far as the 
first node of Ranvler. The proliferating cords of Schwann 
cells 1n the peripheral nerves bulge from the cut surfaces of 
the endoneurial tubes. 

CHANGES IN nlE NERVE CELL BODY 
The changes that occur In the cell body following injury to 
Its axon are referred to as retrograde degeneration; the 
changes that take place in the proximal segment of the axon 
commonly are Included under thls heading. The possible 
reason for these changes ls that section of the axon cuts off 
the cell body from lts supply of trophic factors derived from 
the target organs at the distal end of the axon. 

The most characteristic change occurs in the cell body 
within the first 2 days following Injury and reaches Its 
maximum within 2 weeks. The Nissl material becomes fine, 
granular (Figs. 345 and 346), and dispersed throughout 
the cytoplasm, a process known as c:hromatoly111s. Chro
matolysls begins near the axon hillock and spre<lds to all 
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Figur. 3-46 The changes that 
may take place in a nerve cell 
body following division of one 
of its processes. 



parts of the cell body. In addltton, the nucleus moves from 
its central location toward the periphery of the cell, and 
the cell body swells and becomes rounded. The degree 
of chromatolysls and the degree of swelling of the cell are 
greatest when the injury to the axon is close to the cell 
body. In some neurons, very severe damage to the axon 
close to the cell body may lead to death of the neuron. On 
the other hand, damage to the most distal process may 
lead to little or no detectable change In the cell body. The 
dispersal. of the Niss! materlaJ--that Is, the cytoplasmic 
RNA-and the swelling of the cell are caused by cellular 
edema. The apparent loss of staining affinity of the Niss! 
material is due to the wide dispersal of the cytoplasmic 
RNA. The movement of the nucleus away from the center 
of the cell may be due to the cellular edema. 

Synaptic terminals are seen to withdraw from the sur
face of the injured nerve cell body and its dendrites and 
are replaced by Schwann cells in the PNS and mlcroglial 
cells or astrocytes in the CNS, a process called aynaptic 
ttrlppblg. Its possible causes a.re {l) loss of plasma mem
brane adhesiveness following Injury and (2) stimulation of 
the supporting cells by chemicals released from the injured 
neuron. If the injury ts sufficiently great, the cells of the 
Immune system-namely, monocytes and macrophages-
may migrate into the area. 

Neuronal Recovery 
In contra.st to the rapid onset of retrograde degeneration, 
the recovery of the nerve cell body and regeneratton of its 
processes may take several months. 

Nerve Cell Body Recovery 
The nucleolus moves to the periphery of the nucleus, and 
polysome clusters reappear in the cytoplasm. This indi
cates that RNA and protein synthesis Is being accelerated 
In preparation for the reformation of the axon. Thus, the 
original Niss! structure reconstitutes, cell body swelling 
decreases, and the nucleus returns to its characteristic 
central position (Fig. 3-46). 

Regeneration of Peripheral Nerve Axons 
Regrowth of the axons (motor, sensory, and autonomic) ls 
possible In peripheral nerves and appears to depend on 
the presence of endoneurlal tubes and the special quali
ties possessed by Schwann cells. Sprouts from the axons 
grow from the proximal stump and into the distal stump 
toward the nerve's end organs. The following mechanisms 
are thought to be Involved: (1) the axons are attracted by 
chemotroplc factors secreted by the Schwann cells in the 
dbtal stump, (2) growth-stimulating factors exist within 
the distal stump, and (3) inhibitory factors are present 
in the perineurium to inhibit the axons from leaving the 
nerve. 

The satisfactory regeneration of axons and the retum of 
normal function depend on the following factors: 

1. In crush nerve Injuries, in which the uon ls dlvided or 
Its blood supply has been interfered with but the endo
neurlal sheaths remain Intact. regeneration is likely. 

2. In nerves that have been completely severed, the chance 
of recovery is much less because the regenerating fibers 
from the proximal stump may be directed to an Incor
rect destination in the distal stump-that is, cutaneous 
fibers entering Incorrect nerve endings or motor nerves 
supplying lncorred muscles. 
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3. If the distance between the proximal and distal stumps 
of the completely severed nerve is greater than a few 
millimeters or the gap becomes ftlled with proWeratlng 
fibrous tissue or Is simply ftlled by adjacent muscles 
that bulge lnto the gap, then the chances of recovery are 
very poor. The outgrowing axonal sprouts escape into 
the surrounding connective tissue and form a tangled 
mass or neuroma. In these cases, early close surgical 
approximation of the severed ends, lf posslble, greatly 
facllltates the chances of recovery. 

4. When mixed nerves (those containing sensory, motor, 
and autonomic fibers) a.re completely severed, the 
chances of a good recovery are very much less than 
when the nerve is purely sensory or purely motor. The 
reason for this ts that the regenerating fibers from the 
proximal stump may be guided to an Incorrect destina
tion in the distal stump; for example, cutaneous fibers 
may enter motor endoneurial tubes and vice versa. 

5. Inadequate physiotherapy to the paralyzed muscles 
will result in their degeneration before the regenerating 
motor axons have reached them. 

6. The presence of infection at the site of the wound will 
seriously interfere with the process of regeneration. 

Jf the proximal and distal stumps of the severed nerve 
are In close apposition, the following regeneratlve p~ 
cesses talce place (see Fig. 3-44). The Schwann cells, having 
undergone mitotic division, now Hll the space within the 
basal lamina of the endoneurial tubes of the proximal 
stump as far proximally as the next node of Ranvter and In 
the distal stump as fa:r distally as the end organs. Where a 
small gap exists between the proldmal and distal stumps, 
the multiplying Schwann cells form a number of cords to 
bridge the gap. 

Ea.ch proximal axon end now gives rise to multiple fine 
sprouts or filaments with bulbous tips. These filaments, 
as they grow, advance along the clefts between the 
Schwann cells and thus cross the Interval between the 
proximal and distal nerve stumps. Many such filaments 
now enter the proximal end of each endoneurial tube and 
grow distally in contact with the Schwann cells (Fig. 3-47). 
Although the Hlaments from many different uons may 
enter a single endoneurial tube, only one filament per
sists, the remainder degenerate. and that one filament 
grows distally to reinnervate a motor or sensory end 
organ. While crossing the gap between the severed nerve 
ends, many filaments fail to enter an endoneurial tube and 
grow out Into the surrounding connective tissue. Note 
that the formation of multiple sprouts or fllaments from 
a single proximal axon greatly Increases the chances that 
a neuron will become connected to a sensory or motor 
ending. Why one filament within a single endoneurial tube 
should be selected to persist while the remainder degen
erate remains unknown. 

Once the axon has reached the end organ, the adjacent 
Schwann cells start to lay down a myelln sheath. This pro
cess begins at the site of the original lesion and extends In 
a distal dire.ction. By this means, the nodes of Ranvier and 
the Schmldt-Lantennan lnclsures are formed. 

Many months may elapse before the axon reaches its 
appropriate end organ, depending on the site of the nerve 
Inf ury. The rate of growth has been estimated to be approx
imately 2 to 4 mm per day. However, in light of the almost 
certain delay incurred by the axons as they cross the site 
of the Injury, an overall regeneratton rate of 1.5 mm per 
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Figure 3-47 Photomicrograph of a longitudinal section of t~e distal ~um~ ?f the sciatic 
nerve showing evidence of degeneration and axon regeneration following injury. (Courtesy 
Dr. M. J. T. Fitzgerald.) 

day la a useful figure to remember clinically. Even If all the 
difficulties outlined above are overcome and a given neuron 
reaches the original end organ, the enlarging axonal flla
ment within the endoneur1al tube reaches only about 80% of 
its original diameter. For thl5 reason, the conduction veloc
ity will not be as great as that of the original axon. Moreover, 
a given motor axon teoda to Innervate more muscle fibers 
than formerly; thus, the controJ of muscle is less precise. 

Regeneration of Central Nervous System Axons 
In the CNS, axons attempt to regenerate, as evidenced by 
sprouting of the uona, but the process ceases after about 
2 weeks. Long.distance regeneration is rare, and the injured 
uons make few new synapses. Evidence that restoration 
of function takes place does not exlst. The regeneration 
process ls aborted by the absence of endoneurlal tubes 
(which are necessary to guide the regenerating axons), the 
failure of ollgodendrocytes to serve In the same manner 
as Schwann cells, and the laying down of scar tissue by 
the active astrocytea. Absence of nerve growth factors in 
the CNS or that the neurogllal cells may produce nerve 
growth-Inhibiting factors Is also possible. 

Resean:h has shown that the Schwann cell basal laminae 
contain lamlnJn and ceJ~lon molecules of the lmmuno
globulin family, both of which stimulate axon growth. The 
CNS contains only low concentrations of these molecules. In 
the embryo, when uon growth actlvely takes place In both 
the CNS and PNS, growth-promottng factors are present In 
both systems. Later In development, these factors disappear 
In the CNS. Myelln In the CNS Inhibits axonal growth, and 
myelination in the CNS occurs late in the development pro
cess when growth of the main nervous pathways is complete. 

Central axons may not be as good at regeneration as 
peripheral axons. In tissue culture, peripheral axons are 
m~ successful at growth than central axons. Moreover, 
the ability of central axons to grow decreases with age. 

NEUROBIOLOGIC RESEARCH INTO CENTRAL NERVOUS 
SYSTEM REGENERATION 
Because traumatlc Injury to the CNS produces such dev
astating disabilities that are largely Irreversible, neurobl
ologists are now enthusiasticaJly pressing forward with 

research In this area. Differences are known to exist between 
the environment in the CNS and PNS. Moreover, the abil
ity of centraJ axons in lower vertebrates, such as frogs, to 
regenerate provides an enormous stlmulus for future work. 

Research has taken the following directions: 

1. Molecules present In the PNS, such as lamln!ns and neu
rotrophlns, have been Introduced Into the CNS at the 
site of Injury to promote axon growth. 

2. Schwann cells have been grafted Into the CNS, and cen
tral axons will grow Into the graft. 

3. Attempts have been made to reduce the inhibitory fac
tors present In the CNS. Infusion of antlbodJes at the site 
of lnJury bu been carried out with some success. 

4. The Introduction of antl-lnflammatory agents to sup
press the neurogllal and monocyte response has been 
used with success. Metbylpred.nlaolone is now com
monly used as soon as possible after the lncJdent In all 
patients with spinal cord Injuries. 

Although a vaat amount of research still needs to be 
done, a combination of treatments may provide the return 
of some function to these patients with CNS injuries. 

Transneuronal Degeneration 
The responses of a single neuron to lnJury were considered 
In the previous section. In the CNS, U one group of neurons 
ts injured, then a second group farther along the pathway, 
serving the same function, may also show degenerative 
changes. This phenomenon is referred to as ulerop'ade 
tnmDearoul dqmeratloa. For example, U the uons 
of the ganglion celt. of the retina are severed, not Clllly do 
the distal ends of the uoos that go to the lateral genlcu
late bodies undergo degeneration but also the neurons ln 
the lateral genlculate bodies with which these axons form 
synapses undergo deaeneration. In fact, a further set of neu
rons may be Involved In the degenerative process 1n the 
visual Cort9. 

In situations In the CNS In which multiple neurons 
synapse with a single distal neuron, Injury to one of the 
proximal neurons Is not followed by degeneration of the 
distal neuron. 



Experimentation on animals with artificial lesions of the 
CNS has shown that retropade trananeuronal degenera
don may occur In certain situations. 

Neuronal Degeneration Associated 
with Senescence 
Many neurons degenerate and disappear during fetal devel· 
opment. This process is believed to be due to their failure 
to establish adequate functional connections. During post
natal life, further gradual neuronal degeneration continues 
to occur. ln old age, an Individual may have lost up to 20% of 
the original number of neurons. This may account to some 
extent for the loss of efficiency of the nervous system that 
is associated with senescence. 

Atrophy of Voluntary Muscle and Other End Organs 
Following Peripheral Nerve Degeneration 
Voluntary muscle undergoes degenerative changes follow
ing motor nerve section. First, the response to acetylchollne 
(ACh) is altered, followed by gradual wasting of the sarco
plasm, and Hnally loss of the fibrils and striations. Eventu
ally, the muscle completely atrophies and Is replaced by 
fibrous tissue. ReiDnervation of the muscle halts Its degen
eration, and, If the muscle atrophy Is not too advanced, 
normal structure and function return. 

Furthermore, if the motor nerve that supplies fast white 
voluntary muscle fibers Is exchanged for a motor nerve that 
sup piles slow red voluntary muscle fibers, the muscle fibers 
change their structural and functional properties to comply 
with the new type of Innervation. This experimental result 
strongly suggests not only that voluntary muscle cells are 
dependent on the presence of intact motor nerves but also 
that the nerve has some trophic Influence on the muscle 
and even determines the type of muscle that it innervates. 

Another end organ, the taste bud, also depends on the 
Integrity of the sensory nerve. If the nerve is sectioned, 
the taste bud quicldy atrophies. Once the sensory nerve 
regenerates into the mucous membrane, new taste buds 
develop. 

Traumatic Lesions of Peripheral Nerves 
Seddon (1944) described three clinical types of nerve Injury: 

• Neuropra:da is a transient block. The paralysis is incom
plete, re.covery is rapid and complete, and microscopic 
evidence of nerve degeneration does not exist. Pressure 
Is the most common cause. It Is essentially a temporary 
Interference In function. 

• Axonotmeala ls a nerve lesion In which the axons are 
damaged but the surrounding connective tissue sheaths 
remain more or Jess intact. Wallerian degeneration occurs 
peripherally. Functional recovery Is more rapid and more 
complete than after complete section of the nerve trunk 
because the nerve fibers, although severely damaged, 
for the most part retain their normal anatomical relation
ships to one another, owing to the preservation of the 
connective tissue sheaths. Crush injuries, traction, and 
compression are the most common causes. 

• Neurotmeals ls complete section of the nerve tnmk. 

Symptoms and Signs of Neurotmesls 
Completely dividing a peripheral nerve can be seen in the 
clinic as paralysis or anesthesia, or both. The magnitude of 
Injury Is assessed by reflexive response, muscle strength, 
and distribution of cutaneous sensation Joss. 
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MOTOR CHANGES 
The muscles that are Innervated show flaccid paralysis and 
rapidly waste. The reflexes in which the muscles participate 
are lost. The paralyzed muscle ceases to respond to far
adlc sttmulatlon after 4 to 7 days. After 10 days, the muscle 
responds only sluggishly to galvanic stimulation, and the 
strength of the current must be greater than that required 
for a normal innervated muscle. This altered response of 
muscle to electrical stimulation is known as the reaction 
or degeneration. 

SENSORY CHANGES 
Cutaneous sensibility Is completely lost over the area exclu
sively supplied by the nerve. This area is surrounded by a 
zone of partlal sensory loss where adjacent sensory nerves 
overlap. The skin area In which the sensation of light touch 
Is lost ls much greater than the area lost to pinprick. 

VASOMOTOR, SUDOMOTOR, AND TROPHIC CHANGES 
Section of a peripheral nerve results ln the Interruption of 
postgangllonlc sympathetic fibers traveling In the nerve. As 
a result of the Joss of vascular control, the skin area at first 
becomes red and hot. Later, the affected area becomes blue 
and colder than normal, especially in cold weather. Because 
of the loss of sudomotor control, the sweat glands cease 
to produce sweat, and the skin becomes dry and scaly. 
Nail growth becomes retarded as the direct result of poor 
peripheral clrc:ulation. If a large area of the body is dener
vated, as in cases in which the sciatic nerve is sectioned, 
the bones undergo decalcificat.ion as a result of disuse and 
loss of circulatory control. 

RECOVERY FROM NEUROlMESIS 
Assuming that the divided peripheral nerve has been ~ 
fully sutured together, a clinician must be aware of the 
symptoms and signs of recovery and their sequence. 

MOTOR RECOVERY 
Regenerating motor axons grow at an average rate of about 
1.5 mm per day. The proximal muscles will recover first, 
and the distal muscles will recover later. The muscles may 
respond to faradlc stimulation before voluntary control 
returns. 

SENSORY RECOVERY 
Sensory recovery occurs before voluntary movement 
returns. The part of the nerve distal to the section becomes 
very sensitive to mechanical stimulation once the regen
erating sensory axons have entered the distal segment. 
Simple tapping of the distal nerve trunk gives rise to a tin
gling sensation In the area of cutaneous distribution of the 
nerve. This sign ls referred to as the TIDel sip. Recovery 
of deep cutaneous sensibility-that Is, pain caused by deep 
pressure-is the first sign of recovery. This is followed by 
the return of poorly localized, superficial cutaneous pain. 
Vasomotor control also returns at about th1s tlme. Later, 
the sensations of heat and cold are recovered. Ught touch 
and tactile discrimination are the last sensations to retum; 
these sensations return many months later and are often 
incomplete. 

Specific Spinal Nerve Injuries 
Table 3-3 summarizes the Important features found In cervi
cal and lumbosacral root syndromes (a detailed description 
of the neurologlc deficits following the many spinal nerve 
injuries seen In clinical practice Is beyond the scope of this 
book). Tables that summarize the branches of the brachial 
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Table 3-3 Important Features Found in Cervical and Lumbosac:ral Root Syndromes 

C5 ~,,.,.1,;de of •PP•• l O.bo;d and b;cops bmlhi I Shoulder abduction, -f.iceps 
part of arm elbow flexion _ _.___ 

C6 Lateral side of foreann Extensor carpi radialis longus Wrist extensors Brachioradialis 
and brevis 

C7 Middle finger Triceps and flex.or carpi Extension of elbow and Triceps 
radialis flexion of wrist 

C8 - I Medial side of forea-rm--F-le-xor digitorum superfic:ialis I Finger flexion 
and profundus 

None 

L1 Groin lliopsoas Hipflexion 

Anterior part of thigh lliopsoas, sartorius, hip I Hip flexion, hip adduction 
adductors 

--+--

L2 

Cremaster 

Cremaster 

Medial side of knee lliopsoas, sartorius, I Hip flexion, knee 
_.___quadriceps, hip adductors extension, hip adduction 

L3 Patellar 

L4 Medial side of calf Tibialis anterior, quadriceps Foot inversion, knee 
extension 

Patellar 

LS Lateral side of lower 
leg and dorsum of 
foot 

Extensor hallucis longus, Toe extension, ankle None 
extensor digitorum longus dorsiflexion 

Gastrocnemius, soleus _I Ankle plantar flexion Ankle jerk 
--+--

$1 

$2 

Lateral edge of foot 

Posterior part of thigh Flexer digitorum longus, Ankle plantar flexion, toe None 
flexor hallucis longus flexion 

(l'able 34) and lumbar and sacral (l'able 3-5) plexuses and 
their distribution are also included. These tables can assist 
the reader ln determining the specific nerve lesion associ
ated with a particular motor or sensory deficit In the upper 
or lower limbs. 

Cranial nerve Injuries are considered In Chapter 11. 

Basic Clinical Principles Underlying 
Peripheral Nerve Injuries 
• Jn open, dirty wounds, which carry a high risk of infection, 

the sectioned nerve should be ignored, and the wound 
infection should be treated. Later, when the wowid has 
healed satlsfactorily, the nerve should be explored, and 
the cut ends of the nerve should be sutured together. 

• For a patient with a healed wound and no evidence of nerve 
recovery, the treatment should be conservative. Sufficient 
time should be allowed to elapse to enable the regenerat
ing nerve fibers to reach the proldmaJ muscles. If recovery 
fails to occur, the nerve should be explored surgically. 

• Jn cases In which connective tissue, bone fragments, or 
muscles come to lie between the cut ends of a severed 
nerve. the nerve should be explored; if possible, the cut 
ends of the nerve should be brought together and sutured. 

• The nutrition of the paralyzed muscles must be maintained 
with adequate physiotherapy. Wann baths, massage, and 
warm clothing help to maintain adequate clrculatlon. 

• The paralyzed muscles must not be allowed to be 
stretched by antagonist muscles or by gravity. Moreover, 
excessive shortening of the paralyzed muscles leads to 
contracture of these muscles. 

• Moblllty must be preserved by daily passive movements 
of all joints in the affected area. Failure to do this results 
tn the formation of adhesions and consequent Umitatlon 
of movement. 

Once voluntary movement returns in the most proximal 
muscles, the physiotherapist can assist the patient In per
forming active exercises. This not only aids ln the return 
of a normal circulation to the affected part but also helps 
the patient to learn once again the complicated muscular 
performance of skilled movements. 

Nerve Transplantation 
Nerve grafts have been used with some success to restore 
muscle tone in facial nerve palsy. In mixed nerve injuries, 
nerve grafts have succeeded only ln restoring some sen
sory function and slight muscle activity. The presence of 
two suture lines and the increased possiblllty of mixing the 
nerve fibers ls probably the reason for the lack of success 
with nerve grafts. In most nerve injuries, even when the gap 
between the proximal and distal ends is as great as 10 cm, 
moblllzlng the nerve or altering its position In relation to 
Joints so that the proximal and distal ends may be brought 
together without undue tension ls usually possible; the 
ends are then sutured together. 

Peripheral Nerve Tumors 
A peripheral nerve consists essentially of nerve fibers 
(axons), each of which is associated with Schwann cells; the 
fibers are either myellnated or nonmyellnated. The nerve 
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TableM Branches of the Brachia! Plexus and Their Distribution 

Roots 

Do1$<1I scapular nerve (CS} 

Long thoracic nerve (C5-C7) 

Upper Trunk 

Suprascapular nerve (C5-C6) 

Nerve to subclavius (C5-C6) 

Lateral Cord 

Lateral pectoral nerve (C5-C7) 

Musc:uloc:utaneous nerve (C5-C7) 

Rhomboid minor, rhomboid major, levator scapulae muscles 

Serratus anterior muscle 

Supraspinatus and infraspinatus muscles 

Subclavius 

Pectoralis major muscle 

Coracobrachialis, biceps brachii, brachialis muscles; supplies skin 
along lateral border of forearm when it becomes the lateral 
cutaneous nerve of forearm 

Lateral root of median nerve {C5-C7) 

Posterior Cord 

---<11-s-e-e medial root of median nerve 

Upper subscapular nerve {C5-C6) 

Thoracodorsal nerve (C6-C8) 

Lower subscapular nerve (C5-C6} 

Axillary nerve (C5-C6) 

---~l_s_u_bscapularis muscle 

Latissimus dorsi muscle 

Subscapularis and teres major muscles 

Deltoid and teres minor muscles; upper lateral cutaneous nerve of 

Radial nerve (CS-C8, T1} 

arm supplies skin over lower half of deltoid muscle 

-------11-li-r-iceps, anconeus, part of brachialis, brachioradialis, extensor carpi 
radialis longus; via deep radial nerve branch supplies extensor 
muscles of forearm: supinator, extensor carpi radialis brevis, 
extensor carpi ulnaris, extensor digitorum, extensor digiti minimi, 
extensor indicis, abductor pollicis longus, extensor pollicis 
longus, extensor pollicis brevis; skin, lower lateral cutaneous 
nerve of arm, posterior cutaneous nerve of arm, and posterior 
cutaneous nerve of forearm; skin on lateral side of dorsum of 
hand and dorsal surface of lateral 3Y.2 fingers; articular branches 
to elbow, wrist, and hand 

Medial Cord 

Medial pectoral nerve {CS, T1) 

Medial cutaneous nerve of arm joined by 
intercostal brac:hial nerve from second 
intercostal nerve (C8, T1-T2) 

Pectoralis major and minor muscles 

--i-s-k-in of medial side of arm 

Medial cutaneous nerve offorearm (CS, T1) 

Ulnar nerve {CS, T1) 

I Skin of medial side of forearm 

Flexor carpi ulnaris and medial half of flexor digitorum profundus, 
flexor digiti minimi, opponens digiti minimi, abductor digiti 
minimi, adductor pollicis, third and fourth lumbricals, interossei, 
palmaris brevis, skin of medial half of dorsum of hand and palm, 
skin of palmar and do1$<ll surfaces of medial 1Y.2 fingers 

Medial root of median nerve (with lateral 
root) forms median nerve (C5-C8, T1) 

_ _,,l_P_ro- nator teres, flexor carpi radialis, palmaris longus, fle.xor 
digitorum superficlalis, abductor pollicis brevis, flexor pollicis 
brevis, opponens pollicis, first two lumbricals (by way of anterior 
interosseous branch), flexor pollicis longus, flexor digitorum 
profundus (lateral half), pronator quadratus, palmar cutaneous 
branch to lateral half of palm and digital branches to palmer 
surface of lateral 3Y.2 fingers; articular branches to elbow. wrist,, 
and carpal joints 
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Table3-5 Branches of the Lumbar and Sacral Plexuses and Their Distribution 

Femoral nerve {Ll-1..4) lliacus, pectineus, sartorius, quadriceps femoris muscles; skin, medial cutaneous and 
intermediate cutaneous nerves of thigh, saphenous nerve to medial side of leg, 

--...--medial side of foot as far as ball of big tee; articular branches to hip and knee joints 

Obturator nerve (Ll~) Pectineus, adductor longus, adductor brevis, adductor magnus (adductor portion), 
gracilis muscles; skin, medial side of thigh; articular branches to hip and knee joints ---

Sciatic nerve (L4-L5, S1-S3) ---
Common peroneal nerve Biceps femoris muscle (short head); skin, lateral cutaneous nerve of calf, sural 

communicating branch to lateral side of leg, lateral side of foot, and little toe 

Superficial peroneal nerve 

Deep peroneal nerve 

I Peroneus longus and brevis muscles; skin, lower leg, and dorsum of foot 

Tibialis anterior, extensor hallucis longus, extensor digitorum longus, peroneus 
tertius, extensor digitorum brevis muscles; skin, cleft between the first and second 
toes; articular branches to tibiofibular;. ankle, and foot joints 

Tibial nerve Semitendinosus, biceps femoris (long head), semimembranosus, adductor magnus 
(hamS1ring part}, gastrocnemius, soleus, plantaris, popliteus, tibialis posterior, 
flex.or digitorum longus, flex.or hallucis longus muscles; skin, medial side of ankle; 
articular branches to hip, knee, and ankle joints 

Medial plantar nerve Abductor hallucis, flexor digitorum brevis, flexor hallucis brevis, first lumbrical 
muscles; skin, medial side of sole of foot; articular branches to foot joints 

Lateral plantar nerve -----,- Flexor accessorius, abductor digiti minimi, flexor digiti minimi brevis, second, third, 
I and fourth lumbricals, adductor hallucis, all interossei muscles; skin of lateral side 

of sole of foot 

fibers are arranged in parallel bundles and are surrounded 
by connective tissue sheaths. 

A benlp Dbroma or a mallpant tarcoma may arise In 
the connective Ussue of the nerve and does not differ from 
similar tumors elsewhere. NeurllemmoJDM are believed to 
arise from Schwann cells. They arise from any nerve trunk, 
cranial or spinal, and in any part of its course. Primary 
tumors of the axons are very rare. 

Blood Vessels, Lymf?hatics, and Endoneurial 
Spaces within Peripheral Nerves 
Peripheral nerves receive branches from arteries In the 
regions they pass through. The anastomotic network that 
exists within a nerve is considerable. and local !schemta 
does not occur If a single artery is obstructed. 

A plexus of lymph vessels lies within the epineurial con
nective tissues, and this drains to regional lymph nodes. 

As demonstrated by the results of experiments In which 
dyes have been injected into peripheral nerves, spaces 
exist between Individual nerve fibers. These endoneurlal 
spaces evidently provide a potential route for the ascent of 
tetanaa toa:ln to the spinal cord. 

Local Anesthetic Action on Nerve Conduction 
Local anesthetics are drugs that block nerve conduction 
when applled locally to a nerve fiber in suitable concentra
tions. Their slte of actJon is the axolemma (plasma mem· 
brane), and they interfere with the transient increase in 
permeability of the axolemma to Na•, K+, and other tons. 
The sensitivity of nerve fibers to local anesthetics ls related 
to the size of the nerve fibers (see Table 2-3). Small nerve 

fibers are more susceptible than large fibers; small fibers 
are also slower to recover. 

Cocaine has been used clinlcally to block nerve conduc
tion. Unfortunately, It ls a strong stimulant of the cerebral 
cortex and readily causes addictJon. Procaine Is a s~ 
theUc compound that is widely used as a local anesthetic 
agent. 

Apparent Recovery of Central Nervous 
System Function 
Axon regeneration In the brain and spinal cord ls mmlmal 
following a lesion, yet considerable functional recovery 
often occurs. Several explanations exist, and more than one 
mechanism may be involved. 

1. Nerve fiber function may be Impaired from compresslon 
by edema fluid. Once the edema subsides, a substantial 
recovery may take place. 

2. The damaged nerve fiber proximal to the lesion may 
form new synapses with neighboring normal neurons. 

3. Following a leslon to branches of a nerve, all the neu· 
rotransmltters may pass down the remaining branches, 
producing a greater effect. 

4. Following a leslon of an afferent neuron, an increased 
number of receptor sites may develop on a postsyna~ 
tic membrane. This may result In the second neuron 
responding to neurotransmitter substances from nelgh· 
boring neurons. 

5. Nonfunctioning neurons may take over the function of 
damaged neurons. 

6. The damaged nerve fiber proximal to the lesion may 
form new synapses wlth neighboring normal neurons. 



7. The normal neighboring nerve fibers may give off 
branches distal to the lesion, which then follow the path
way previously occupied by the damaged fibers. 

8. If a particular function, such as the contraction of voJ.
untary muscle, is served by two neural pathways In the 
CNS and one pathway ls damaged, the remaining undam
aged pathway may take over the entire function. Thus, 
conceivably, if the corticospinal tract is injured, the cor
tlcoretlculospinal tract may take over the major role of 
controlllng the muscle movement. 

9. Wlth Intensive physiotherapy, patients may be trained 
to use other muscles to compensate for the loss of para
lyzed muscles. 

Herpes Zoster 
Herpes zoster, or shingles, Is a relatively common condi
tion caused by the reactivation of the latent variceJJa zoster 
virus In a patient who has previously had chickenpox. The 
Infection ls found In the flrst sensory neuron In a cranial 
or spinal nerve. The lesion ls seen as an inflammation and 
degeneration of the sensory neuron with the formation of 
vesicles with inflammation of the skin. The first symptom is 
pain in the distribution of the sensory neuron, followed in 
a few days by a skin eruption. The condition occurs most 
frequently in patients over age 50 years. 

Polyneuropathy 
PoJyneuropathy Is an impairment of function of many 
peripheral nerves simultaneously. The many causes 
include Infection (endotoxln of diphtheria, Gulllaln-Barre 
syndrome [see Clinical Example at beginning of chapter]), 
metaboJtc disorders (vitamins 8 1 and 8 12 deficiency, poi
soning by heavy metals, drugs), and endocrine disorders 
(diabetes). Axon degeneration and/or segmental demye
lination may take place, and the neuron cell body may be 
involved. Jn mild cases, the condition is reversible, but in 
severe cases, lt may be permanent. Both sensory and motor 
symptoms and signs may be evident. 

Receptors 
Sensory endings are found throughout the body In both 
somatic and visceral areas. Their wide distribution is for
tunate, because they enable us to react to changes in the 
external and internal environment. 

To make a diagnosis or study the effect of treatment 
on a disease process, a clinician relies almost entirely on 
the patient's ability to describe changes in subjective sen
sations or to respond to specific stimuli during a physical 
examination. Such descriptions, such as •1m1tellke pain," 
"dull and aching pain," "colicky pain," "pins and needles," 
and "cannot feel anything" are very familiar to the prac
ticing cJlnician. Each main type of sensation that can be 
experienced, such as pain, temperature, and touch and 
pressure, is called a modality of sensation. The type of 
modality felt by a patient from a particular part of the body 
ts determined by the specific area of the CNS to which the 
afferent nerve fiber passes. However, remembering that 
axons carrying specific modalities are associated with one 
or more anatomically distinct receptors is clinically useful 
(Table 3-6). 

Sensory Receptors and Age 
With life expectancy increasing, many patients now reach 
the age when sensory receptor degeneration can cause 
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Table 3-6 Receptors and Associated 
Functions 

Free nerve endings Pain, touch, pressure, tickle 
sensations, possibly cold 
and heat 

Merkel discs Touch and pressure 

Hair follicle receptor Touch 

Meissner corpuscles ~ch (two-point tactile-
discrimination) 

Pacinian corpusdes 

Ruffini corpuscles 

Pressure and vibration 

Sntch 
Neuromuscular spindles Elongation of muscle {stnJtch) 

Neurotendinous spindles Tension 

dlsequillbrlum. This critical age varies In different individ
uals, but once It starts, the sensory systems progressively 
deteriorate, involving not only visual and auditory systems 
but also proprioception and the ability to Integrate the 
afferent information entering the CNS. 

Sensory Modality Examination 
An accurate physical examination may enable the neurolo
gist to make a precise diagnosis. He or she may be able to 
determine whether a particular sensaUon can or cannot be 
appreciated or whether it ls less than normal. The clinician 
will be able to determine the precise area over the surface 
of the body where lmpalrment of sensation Is found. The 
following sensations are usually tested: 

1. light tondl. This is tested by gently touching the skin 
with a wisp of cotton; the patient has the eyes closed and 
responds "yes" whenever the stimulus Is felt. Recognize 
that different areas of the skin normally exhibit different 
thresholds for touch. The back and buttocks are less 
sensitive than the face or fingertips. On hairy surfaces, 
the slightest movement of a hair usually can be felt. 

2. l.ocallzadon of touch. After detecting the light touch 
with the eyes closed, the patient ts asked to place a 
finger on the exact site touched. Failure to accomplish 
this may be due to damage to the cerebral cortex. 

3. Two-point tactile dl9Cl'tmlnallon. Two blunt points 
are applied to the skin surface while the patient's eyes 
are closed. Gradually, the points are brought closer 
together until the patient ts unable to distinguish two 
definite points. A normal person ls able to distinguish 
two separate points on the Up of the Index finger when 
they are separated by a distance greater than about 
3 mm. On the back, however, they have to be separated 
by as much as 3 to 4 cm. 

4. Pain. The skin may be touched with the sharp end of a 
pin. First, the pain threshold Is established and then the 
areas of diminished or lost pain sensation are mapped 
out. Apply the stimulus in an irregular manner, first 
using the sharp end of the pin and then the dull head, 
with the patlent responding "sharp" or •dull." Certain 
diseases, such as tabes dorsalis or polyneuropathy 
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(polyneuritis), may produce a delay of up to 3 seconds 
before the patient recognizes the sharp pain. 

5. Pret91U'e pain. This poorly localized pain Is perceived 
by deep pressure on a muscle or by squeezing a tendon. 

6. Temperabue te9llng. Test tubes filled with hot or cold 
water may be used. When the test tubes are applied to 
the skin, the patient responds with either "warm" or 
"cold." First, the temperature threshold ls estabUshed 
and then the areas of diminished or lost temperature 
sensation are mapped out. 

7. Vibration. When the handle of a vibrating tuning fork is 
applied to the skin over bone (e.g., the medial malleolus 
of the tibia or the olecranon process of the ulna), a tln
gllng sensation Is felt. This Is due to the stJmulatJon of 
superficial and deep pressure receptors. The patient Is 
asked to respond when the first vibration is felt as well 
as when the vibration can no longer be detected. The 
perception of vibration in the legs is usually diminished 
after age 60 years. 

8. Appftdadon of form (lteJ.'eo8DOIU). With the patient's 
eyes closed, the examiner places common objects, such 
as coins or keys, in the patient's hands. The patient nor
mally should be able to Identify objec::ts by moving them 
around in the hand and feeling them with the fingers. 

9. PMllve movements ofjolDIL This test may be carried 
out on the fingers or toes. With the patient completely 
relaxed and In the supine position with eyes closed, the 
digit Is flexed or extended irregularly. After each move
ment. the patient is asked, "Js the digit 'up' or 'down'?" 
A normal individual not only can determine that pas
sive movement ls taking place but also Is aware of the 
direction of the movement. 

10. POlhlral eemlblllty. This ls the abillty to describe the 
position of a llmb when lt Is placed In that position 
while the patient's eyes are closed. Another way to per· 
form the test Is to ask the patient, wlth eyes closed, to 
place the limb on the opposite side in the same position 
as the other limb. The applicatlon and Interpretation 
of the results of these tests will be understood more 
fully when the afferent or sensory pathways have been 
discussed (see Chapter 4). 

Phantom Limb 
Wherever a particular sensory pathway is stimulated 
along its course from the receptor to the sensory cortex 
of the brain, the sensatJon experienced by the lndMdual Is 
referred to the site of the receptor. For example. If the pain 
fibers from the receptors In the little finger are stbnulated ln 
the ulnar nerve at the elbow, the Individual wlU experience 
pain in the little finger and not at the elbow. 

Following the amputation of a limb, the patient may 
experience severe pain in the absent limb due to pressure 
on the nerve fibers at the end of the stump. This phenomer 
non Is referred to clinically as phantom Umb. 

Action of Drugs and Other Agents on Skeletal 
Neuromuscular Junctions 
Table 3-7 gives some examples of drugs and diseases affect
ing the motor end plates In skeletal muscle. 

Neuromuscular Blocking Agents 
d·Tubocurarine produces flaccid paralysis of skeletal mus
cle, first affecting the extrinsic muscles of the eyes and then 
those of the face, the extremities, and finally the diaphragm. 

Table 3·7 Drugs and Diseases Affecting the Motor Endplates in Skeletal Muscle 

-
$ 

chloride 

Drug 

4-Aminopyridine 

Guanidine hydro 

Succinylcholine 

~ Tubocurarine 

Dimethyltubocura 

Gallamine 

Benzoquinonium 

Physostigmine 

Neostigmine 

Disease 

Botulinum toxin 

Myasthenia gravis 

rine 

Yes -
Yes 

ACh, aca1:ylcholine; AChE, acetylcholinestaraae. 

Yes 

Yes 

Yes 

[ Yes 

Yes -
Yes -- ,...__ 

Yes 

Yes 

Destruction of .... i-----+------
receptors 



Dlmelbyltubocunrlne, pll•mlne, and bemoqolnoninm 
have slmllar effects. 

These drugs combine with the receptor sites at the post
synaptlc membrane normally used by ACh and thus block 
the neurotransmitter action of ACh. Therefore, they are 
referred to as competitive blocking agents, as they are com
peting for the same receptor site as ACh. As these drugs are 
slowly metabolized, the paralysis passes off. 

l)ecemdhcmlam and llllCdnykbolbie also paralyze skel
etal muscle, but their action differs from that of competltive 
bloddng agents because they produce thelr effect by causing 
depolarization of the motor endplate. Acting like ACh, they 
depolarize the postsynapttc membrane, and the muscle 
contracts once. This Is foll~ by flacdd paralysis and 
blockage of neuromuscular acttvtty. Although the blocking 
action endures for some time, the drugs are metabollzed, and 
the paralysis puaes off. The actual paralysis is produced by 
the continued depolarization of the postsynaptic membrane. 
Remember that continuous depolartzallon does not produce 
continuous skeletal muscle contraction. RepoJarlzaUon has 
to tm place before further depoJarlzaUon can occur. 

Neuromuscular blocking agents are commonly used with 
general aoesthetlcs to produce the desired degree of muscle 
relaxation without using larger doses of general anesthetics. 
Because the respiratory muscles are paralyzed, facilities for 
arttflclal respiration are essential. 

Anticholinuterases 
Pbpcwdp•ne and nemdgmlne have the capaclty to com
bine with acetylchollnesterase (AChE) and prevent the 
esterue from Inactivating ACh. In addition, neostlgmlne 
has a direct stimulating action on skeletal muscle. The 
actions of both druga are reversible, and they have been 
used with success in the treatment of myasthenia gravis. 

Bacterial Toxin• 
Clodrldlam botullnum, the causative organism in certain 
cases of food poisoning, produces a toxin that Inhibits the 
release of ACh at the neuromuscular Junction. Death results 
from paralysis of the respiratory muscles. The course of the 
disease can be Improved by the administration of calcium 
gluconate or guanidine, which promotes the release of ACh 
from the nerve terminals. 

Motor Nerve and Skeletal Musde 
Not only does the motor nerve control the activity of the 
muscle it supplies but also its integrity is essential for the 
muscle's normal maintenance. Following section of a motor 
nerve, the muscle fibers rapidly atrophy and are replaced 
by connective tissue. The total bulk of the muscle may be 
75% reduced In u little as 3 months. This degree of atrophy 
does not occur if the muscle simply is immobilized; that is, 
it is not just disuse atrophy. ApparenUy, the maintenance of 
normal muscle ls dependent on the conttnued recepUon of 
ACh at the postsynapUc membrane at the neuromuscular 
Junction. 

Denervation Supersensitivity of Skeletal Musde 
After approldmately 2 weeks of denervatton, skeletal mus
cle fibers respond to externally applied ACh at sites other 
than the neuromuscular junctions. This supersensitivity 
could be mcplained on the basis that many new ACh recep
tors have developed along the length of the muscle fibers 
following denervatton. 
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Myasthenia Gravis 
Myasthenla gravls Is a common disease characterized by 
drooping of the upper eyelids (ptosis), double vision (dipk>
pla), difficulty In swallowing ( dysphagla), difficulty In talking 
(dysarthria), and general muscle weakness and fatigue. Ini
tially, the disease most often lnwlves the muscles ol the eye 
and the pharym. and the symptoms can be relieved with 
rest. In the progressive form of the disease, the weakness 
becomes steadily worse, and ultimately death occurs. 

The condition ls an autoimmune disorder In which anti
bodies are produced against the olcotlnic ACh receptors on 
the postsynapttc membrane. The cause of the autoimmune 
disorder Is unknown. The antibodies Interfere with the syn
aptic transmission by reducing the number of receptors or 
by blocking the interaction of ACh with its receptors. The 
sl2e of the junctional folds Is also reduced, and the width 
of the synaptic cleft ts Increased. Together, these changes 
result in reduced amplitude In endplate potentials. The 
condition can be temporarily relieved by AChE druga such 
as neoedpllne, which potentiates ACh's action. 

In adults with myasthenia gravis, about 70% show 
evidence of hyperplasia of their thymus glands. In the thy
mus, T cells, which mediate Immune protection, undergo 
maturation. Ezcesslve synthesis of thymlc hormones that 
stimulate the development of T cells may contribute to the 
autoimmune response. 

A rare congenital form of myuthenia gravis may exist 
from birth, with no abnormal antibody present. The ca.uses 
of the congenital disease Include AChE defldency at the 
motor endplatea, impaired release of ACh, Impaired capac
ity of the receptors to interact with ACh, and a reduced 
number of ACh receptors. 

Hypolcalemic Periodic Paralysis and 
Hyparlcalamic Paralysis 
Hypokalemlc periodic paralysis and hyperkalemic paralysis 
are diseases due to decreased or Increased blood potas
sium levels. The ability of ACh to Initiate electrical changes 
In the postsynapUc membrane of the neuromuscular Junc
tion can be greatly influenced by the level of blood poi.. 
sium, and this blood change is responsible for the paralysis 
In these patients. 

Action of Drugs on Neuromuscular Junctions 
in Smooth and Cardiac Musde and Nerve 
Endings on Secretory Cells 
In normal body physiology, ACh released from postgangll
onlc parasympathetic Hbers can bring about depolar12atlon 
and resulting contraction of smooth muscle fibers. ACh, 
however, is a useless drug to be administered by the clini
cian, because It ts rapidly destroyed by the cbo1baeslerMes. 
Also, Its actions are so widespread that It cannot be used 
selectively. By sllahtly changing the structure. as in the case 
of methacJtollne cblodde or ~ the drugs are less 
susceptible to destruction by the cholinesterases but still 
possess the ability to reart with the receptors. 

Atropine and -=opolandDe are druga that compete with 
ACh for the same receptors. These drugs are competitive 
antagonists of ACh at receptor sites of smooth muscle, 
cardiac muscle, and various secretory cells. 

Norepinephrine is released from postganglionic sympa
thetic fibers and can bring about depolarization of smooth 
muscle in the walls of arteries, for example, resulting In their 
contraction. At other sites, such as the bronchi, It causes 
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smooth muscle relaxation. Sympathetic receptors have 
been classlfled as a and ~· The functions associated with a
receptors are vasoconstrtctton, mydrlasls (dilatation of the 
pupil), and relaxation of the smooth muscle of the Intestine. 
~Receptors are associated with vasodilatation, cardtoaccel· 
eration, bronchial relaxation, and intestinal relaxation. 

Phenm:ybmzamlne has been found to block a-receptors, 
whereas propranolol blocks lkeceptors. The structure of 
these receptors Is not known. 

Sensory Perception Abnormalities 
Abnormalities in sensory perception should be looked for 
on the face, trunk, and limbs. Anas of diminished pain sen
sation (hypalgesf.a) or touch sensation (hypeadaeala) or 
heightened sensation (hyperestheala) should be identified. 
Abnormal sensations (pare.ahetda), such as pins and nee
dles, may be experienced by a patlent who has a lesion 
located anywhere along the sensory pathway from the 
peripheral nerve to the cerebral cortex. The areas of sen
sory abnormality should be precisely defined and recorded, 
with each modality being recorded separately. 

Testing sensory function requires practice and experi· 
ence. Many patients have difficulty in responding to a cllni· 
clan's examination of the sensory system. Some individuals 
try to assist the examiner by wrongfully anticipating the 
correct response. This problem can largely be overcome 
by testing for cutaneous sensibility with the patient's eyes 
closed. In this way, the paUent cannot see which areas 
of skin are being tested. Other patients find It difficult to 
understand exactly what information is required of them. 
Some intelligent patients respond more to differences In 
intensity of stimulation rather than giving a simple "yes• or 
"no" answer to the question "Can you feel anything?" The 
clinician must always be aware of the possibility of hyste
ria, which occurs when a patient complains of sensory loss 
that has no neuroanatomical explanation. For example, a 
total loss of skin sensation on one side of the face. includ
ing the angle of the jaw, would Infer that the patient has 
a lesion Involving the Hfth cranial nerve In the pons and 
the greater auricular nerve (C2-C3), which Is anatomically 
very unlikely. Patience and objectivity are required, and 
if doubt exists as to the accuracy of the assessment, the 
patient should be reexamined on another occasion. 

Segmental Innervation of the Skin 
Because large nerve plexuses are present at the roots of the 
upper and lower limbs, a single spinal nerve may send both 
motor and sensory fibers to several peripheral nerves, and 
conversely, a single peripheral nerve may receive nerve 
fibers from many spinal nerves. Moreover, a lesion of a seg. 
ment of the spinal cord, or posterior root, or spinal nerve 
wlll result In a sensory loss that ls different from that occur
ring alter a lesion of a peripheral nerve. 

The area of skin supplied by a single spinal nerve and, 
therefore, a single segment of the spinal cord is called a 
dennatome. A clinician should remember that dermatomes 
overlap and that, In the trunk, at least three contiguous spl· 
nal nerves have to be sectioned to produce a region of com
plete anesthesia. Remember also that the degree of overlap 
for painful and thermal sensations is much greater than 
that for tactile sensation. A clinician should have a working 
Jmowledge of the segmental (dermatomaI) Innervation of 
skin, because with a pin or a piece of cotton, he or she can 
determine whether the sensory function of a particular 
spinal nerve or segment of the spinal cord is normal. When 

examining the dermatomal charts, note that because of 
the development of the upper limbs, the anterior rami of 
the lower cervical and first thoracic spinal nerves have 
lost their cutaneous Innervation of the trunk anteriorly, 
and at the level of the second costal cartilage, the fourth 
cervical dermatome is contiguous with the second thoracic 
dermatome. In the sensory Innervation of the head, the 
trlgemlnal (fifth cranial) nerve suppJles a large area of the 
face and scaJp, and Its cutaneous area ls contiguous with 
that of the second cervical segment. 

Because the dermatomes run longitudinally along the 
long axis of the upper limbs, sensation should be tested 
by dragging a wisp of cotton or a pin along the long axis of 
the medlaJ and lateral borders of the limbs. On the trunk, 
the dermatomes run almost horizontally, so the stimulus 
should be applied by moving in a vertical direction. 

Segmental Innervation of the Muscles 
Remember that most skeletal muscles are innervated by 
more than one spinal nerve and, therefore, by the same nwn
ber of segments of the spinal cord. Complete destruction of 
one segment of the spinal cord as the result of trauma or 
pressure fTom a tumor wlll cause weakness of all the mu~ 
cles that are innervated from that segment. To paralyze a 
muscle completely, several adjacent segments of the spinal 
cord have to be destroyed. 

Because of the presence of the cervical, braclllaJ, and 
lumbosacral plexuses, the axons of motor anterior 111ay 
column cells are redistributed into a number of peripheral 
nerves. Knowing this, the clinician, is able to distinguish 
between a lesion of a segment of the spinal cord, an an~ 
rlor root, or a spinal nerve on the one hand and a lesion 
of a peripheral nerve on the other hand. For example, the 
musculocutaneous nerve of the arm, which receives nerve 
fibers from the fifth, sixth, and seventh cervical segments 
of the spinal cord, supplies a finite number of muscles
namely, the biceps brachll, the brac!Ualis, and the coraco
brachlalls muscles-and section of that nerve would result 
In total paralysis of these muscles; a lesion of the fifth, 
sixth, and seventh cervtcaJ spinal segments, or their ante
rior roots or their spinal nerves, would result in paralysis 
of these muscles and also partial paralysis of many other 
muscles, Including the deltoid, suprasplnatus, teres minor, 
and lnfrasplnatus. 

The segmental Innervation of the biceps brachll, triceps, 
brachloradlalls, muscles of the anterior abdominal wall, 
quadriceps femorls, gastroc:nemius, and soleus should be 
memorized, as testing them is possible by eliciting their 
reftex contruUon (see p. 110). 

Muscle Tone 
Skeletal muscle tone Is due to the presence of a few muscle 
fibers within a muscle being ln a state of full contraction 
all the time. Muscle tone Is controlled reflexly from affer
ent nerve endings situated in the muscle itself. Therefore, 
any disease process that interferes with any part of the 
reflex arc will abolish the muscle tone. Some samples are 
syphilitic Infection of the posterior root (tabes dorsalls); 
destruction of the motor anterior 11Jay column cells, as In 
poliomyelitis or syringomyella; destruction of a segment of 
the spinal cord by trauma or pressure from a tumor; sec
tion of an anterior root; pressure on a spinal nerve by a 
prolapsed lntervertebraJ disc; and section of a peripheral 
nerve, as in a stab wound. All these cllnlcaJ conditions wlll 
result ln Joss of muscle tone. 



Although the basic mechanism underlying muscle tone 
Is the integrity of the spinal segmental reflex, this reflex 
activity Is lnfluenced by nervous Impulses received by the 
anterior horn cells from all levels of the brain and spinal 
cord. Spinal shock, which follows injury to the spinal cord 
and is caused by loss of functional activity of neurons, will 
result In dlmin1shed muscle tone. Cerebellar disease also 
results In dlm1nlshed muscle tone because the cere~ 
lum facilitates the stretch reflex. The reticular formation 
normally tends to Increase muscle tone, but its actlvity Is 
Inhibited by higher cerebral centers. Therefore. if the higher 
cerebral control is interfered with by trauma or disease. the 
inh1bltlon ts Jost and the muscle tone Is exaggerated ( decer
ebrate rigidity). Primary degeneration of the muscles them
selves (myopathles) can also cause loss of muscle tone. 

Posture 
The posture of an Individual depends on the degree and 
distribution of muscle tone and, therefore, on the activity 
of the motor neurons that supply the muscles. The motor 
neurons in the anterior gray columns of the spinal cord are 
the points where the nervous impulses converge from many 
posterior nerve roots and the descending fibers from many 
different levels of the brain and spinal cord. The successful 
coordination of all these nervous infiuences results In a 
normal posture. 

When someone is in the standing posture, remarkably 
little muscular activity is taking place in the muscles of the 
limbs and trunk. This Is because the center of gravity of 
any part of the body Is maiDly above the joints on which 
its weight is directed. Moreover, In many Joints, such as 
the hip and the knee, the ligaments are very strong and 
support the body in the erect posture. However, a person 
cannot remain standing If all muscles are paralyzed. Once a 
person starts to fall, either forward, backward, or laterally, 
the muscle spindles and other stretch receptors immedi
ately Increase their acttvity, and the reflex arcs come into 
play; thus, reflex compensatory muscle contractions take 
place to restore the state of balance. The eyes and the 
receptors In the membranous labyrinth also play a vital 
part In the maintenance of balance. The Importance of the 
eyes In maintaining the erect position can easily be tested 
in a normal person. Once the eyes are closed, the person 
shows a tendency to sway slightly because he or she now 
must rely exclusively on muscle and labyrinthine receptors 
to preserve his or her balance. 

Pathologic alteration In muscle tone will therefore affect 
posture. For eumple, In hemtplegla or In Parkinson disease, 
in which hypertoniclty exists, posture will be changed. As 
with cerebellar disease, hypotonlclty will cause drooping 
of the shoulder on the affected side. Lesions involving 
peripheral nerves that Innervate antlgravlty muscles will 
produce wrlstdrop (radial nerve) and footdrop (common 
peroneal nerve). 

Clinical Observation of Muscular Activity 
Magnitude of muscle Injury Is evaluated through observa
tion of size, tone, and the presence of Involuntary move
ments. 

Muscular Power 
Ask the patient to perform movements for which the mus
cle under examination Is primarily responsible. Next, ask 
the patient to perform each movement against resistance 
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and compare the strengths of the muscles on the two sides 
of the body. Section of the peripheral nerve that supplies 
the muscle or disease a1fecting the anterior gray column 
cells (e.g., poliomyelitis) will clearly reduce the power of or 
paralyze the muscles involved. 

Muscle Wasting 
Muscle wastlng occurs within 2 to 3 weeks after section of 
the motor nerve. In the limbs, It Is eastly tested by mea
suring the diameter of the limbs at a given point over the 
Involved muscle and comparing the measurement obtained 
with that at the same site on the opposite limb. 

Muscular Fasciculation 
Twitching of groups of muscle fibers ls seen most often In 
patients with chronic disease that a1fects the anterior horn 
cells (e.g., progressive muscular atrophy). 

Mu1cular Contracture 
Muscular contracture occurs most commonly in the mus
cles that normally oppose paralyzed muscles. The muscles 
contract and undergo permanent shortening. 

Muscle Tone 
A muscle without tone-that is, one in which the simple 
spinal reflex arcs are not functioning-is noncontractile 
and doughllke on palpation. Degrees of loss of tone may 
be tested by passively moving the Joints and comparing 
the resistance to the movements by the muscles on the two 
sides of the body. Increase in muscle tone can occur follow
ing the removal of the cerebral inhibition on the reticular 
formation. 

Muscular Coordination 
To determine muscular coordination, ask the patient to 
touch, with the eyes open, the tip of the nose with the tip of 
the forefinger and then ask to repeat the process with the 
eyes closed. A simllar test of the lower limbs may be canted 
out with the pattent lying down. Ask the patient to place one 
heel on the opposite knee, with the eyes open and then ask 
to repeat the process with the eyes closed. 

Another test Is to ask the patient to quickly suplnate 
and pronate both forearms simultaneously. Disease of 
the cerebellum, for example. which coordinates muscular 
activity, would result In Impaired ablllty to perform these 
rapid repetitive movements. 

Involuntary Movement of Muscles 
Tic is a coordinated, repetitive movement involving one or 

more muscles. 
Chorellorm. movements are quick, Jerky, Irregular move

ments that are nonrepetltive. Swift grimaces and sudden 
movements of the head or Umbs are examples of this 
condition. 

Atbetodl consists of slow, sinuous, writhing movements 
that most commonly involve the distal segments of the 
limbs. 

Tremor Is the alternating contraction of the agonlsts and 
antagonists of a Joint. 

Myodonut consists of shockllke muscular contractions of 
a portion of a muscle. an entire muscle, or a group of 
muscles. 

Tonic lp&llD refers to a sustained contraction of a muscle 
or group of muscles, as In the tonic phase of an epileptic 
seizure. 
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Neurologic Sensory and Motor Symptom..-Are 
They Always of Primary Neurologic Origin? 
A neurologic diagnosis depends on determining the site of 
the lesion and the nature of the pathology causing the dis
ease. The clinician cannot comider the nervous system in 
isolation, because the neurolo&lc symptoms and sip may 
depend on dlaorders mainly involving another system. For 

Nerve Fibers 

• Myellnated nerve fibers are surrounded by 
segmented, discontinuous myelln sheaths from 
supporting neuroglia cells. 

• In the PNS, multiple Schwann cells wrap around a 
single axon In a Ught spiral. 

• In the CNS, a single oligodendrocyte will extend 
multiple myeUn processes that cover portions of 
multlple nerve Obers. 

• Some smaller axons do not require myelination, such 
as fine sensory or postgangUoolc autonomic nerves. 

Peripheral Nerves 

• The 31 pairs of spinal nerves and 12 pairs of cranial 
nerves each carry sensory and/or motor nerve fibers. 

• Spinal nerves carrying sensory information have 
a dorsal root ganglion, formed by the collection 
of unipolar cell bodies. Cranial nerves carrying 
sensory fibers also have sensory ganglia. 

• Sympathetic and parasympathetic nerves have 
autonomic ganglia, formed by the collection of 
postsynaptlc autonomic cell bodies, located away 
from the brain and spinal cord. 

• Peripheral nerve bundles may divide into branches 
that join neighboring peripheral nerves, forming a 
nerve plexus. This allows nerve fibers from different 
spinal cord segments to be distributed efficiently in 
different nerve trunks to various parts of the body. 

Conduction in Peripheral Nerves 

• Reversing the negative resting potential by dJffusion 
of sodium (Na1 and potassium (K.1 across the 
plasma membrane, resulting in propagation of 
electrical depolarization down the fiber, Is called an 
action potential. 

• For a short time after the action potential, the 
nerve is unable to be excited because the sodium 
channels are Inactivated. This ls called the absolute 
refractory period. 

eumple, a cerebral embolism may follow the formation of a 
blood clot on the ventricular wall of a patient with coronary 
thrombosis. A cerebral abscess may follow the formation oI 
a IUDJI ab5cess. Therefore. neurologic examination in many 
patients should be accompanied by a more general physical 
examination involving other systems. 

• Conduction velocity Is posltlvely affected by factors 
such as fiber diameter and myellnatlon. 

Receptor Endings 

• Sensory receptors are classified by functional type 
(mechanoreceptors, thermoreceptors, nociceptors, 
electromagnetic receptors, and chemoreceptors) 
and anatomical type (encapsulated or 
nonencapsulated). 

• Free nerve endings are nonencapsulated and 
typically detect pain, crude touch, pressure, and 
tickle sensations. 

• Merkel discs are nonencapsulated endings found 
In hairless skin and are considered to be slowly 
adapting touch receptors. 

• Hair follicle receptors are nonencapsulated endings 
that surround the hair follicle and respond to 
bending the halr. 

• Meissner corpuscles are encapsulated ending found 
In the dermal papUiae of the skin and function as 
rapidly adapting fine touch detectors. 

• Pacinian corpuscles are encapsulated endings in the 
skin that respond to vibration sensations. 

• Ruffini corpuscles are encapsulated stretch 
receptors in the skin. 

• Neuromuscular and neurotendinous spindles are 
found in muscles and tendons to detect muscle 
stretch and muscle tension, respectively. 

Effector Endings 

• Skeletal muscle ls innervated by large myellnated 
nerve fibers derived from motor neurons in the 
anterior gray horns of the spinal cord. 

• A single nerve fiber terminates on multiple muscle 
fibers at a site referred to as a neuromuscular 
junction or motor endplate. 

• Smooth muscle and cardiac muscle fibers are 
innervated by sympathetic and parasympathetic 
parts of the autonomic system. 
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1. A 20-year-old man is seen in the emergency depart
ment following an automobile accident. A diagno
sis of fracture dislocation of the fourth thoracic 
vertebra Is made, with Injury to the spinal cord 
as a complication. A lamtnectomy ls performed to 
decompress the spinal cord In order to avoid per
manent injury to the tracts of the cord. What Is a 
nerve tract In the spinal cord? How does this differ 
in structure from a peripheral nerve? 

2. Multiple sclerosis is an example of a demyelinating 
disease of the nervous system. Many other diseases 
of the nervous system also have the common 
pathologic feature of destruction of the myelin 
sheaths of nerve fibers. How does myelination nor
mally take place in peripheral nerves and central 
nervous system tracts? When does myelination of 
nerves normally take place? 

3. The myeltn sheath ts said to be formed In the 
peripheral nervous system (PNS) by the rotation 
of Schwann cells on the axon so that the plasma 
membrane becomes wrapped around the axon In a 
spiral. In the central nervous system (CNS), do the 
oligodendrocytes rotate on the axons In a similar 
manner to fonn myelin? 

4. A 26-year-old man is involved in a street brawl and 
receives a knife wound to the right ann at about the 
midhwneral level. Physical examination reveals that 
the median nerve has been sectioned. Motor loss 
consists of paralysis of the pronator muscles of the 
forearm and the long flexor muscles of the wrist and 
fingers, with the exception of the flexor carpi ulnarts 
and the medial half of the flexor dlgitorum profundus. 
As a result, the right forearm ts kept in the supine 
position; wrist llexlon ls weak and accompanied by 
adduction. The latter deviation ls due to the paralysis 
of the llexor carpi radlalls and the strength of both 
the flex.or carpi ulnarls and the medial half of the 
ftexor digitorum profundus. No Hexion is possible at 
the interphalangeal joints of the index: and middle 
fingers, although weak flexion of the metacarpopha
langeal joints of these fingers was attempted by the 
interossei. When the patient is asked to make a fist 
of his right hand, the Index and, to a lesser extent, 
the middle fingers tends to remain straight, while the 
ring and little fingers flex. The latter two fingers are 
weakened by the loss of the flexor dlgltorwn superfi
clalls. Flexion of the terminal phalanx of the thumb Is 
lost due to paralysis of the flexor polllcis longus. The 
muscles of the thenar eminence are paralyzed, and 
the right thumb is laterally rotated and adducted. 

Sensory loss of the skin of the right hand involves 
the lateral half of the palm and the palmar aspect 
of the lateral three and a half fingers. There is also 
sensory loss of the skin of the distal parts of the 
dorsal surfaces of the lateral three and a half fingers. 
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The skin areas involved in sensory loss become 
warmer and drier than normal, evidencing vasomo
tor changes. This is due to arteriolar dilatation and 
absence of sweating resulting from loss of sympa
thetic nervous control. 

(a) Describe the changes that would take place 
In the median nerve proximal and distal to the 
site of section. (b) How would you treat this case? 
(c) What will be the first signs and symptoms to 
Indicate that the nerve ls regenerating adequately? 
( d) Which function will return first-sensory or 
muscular? (e) About how long will it take for the 
nerve to regenerate and reach its end organs? 

5. A 45-year-old woman with a right-sided facial palsy 
is examined. When questioned, she says that 
3 years previously she had experienced a weakness 
of the right side of the face and some degree of loss 
of taste sensation following a ride In an open car on 
a cold day. A diagnosis of Bell palsy was made. What 
Is Bell palsy? How would you treat this patient? 

6. A family with five small children move into an old 
house. Six months later, the mother notices that her 
I-year-old son is becoming somnolent and quiet. 
Whereas previously he was very active and crawled 
around the house, he now tends to lie about the 
ftoor, uninterested in his toys. He has also stopped 
eating well and is very constipated. The mother 
decides to take him to a pediatrician when, as she 
puts it, the child suddenly "threw a fit." Examination 
reveals no positive physical signs except for a dark 
line between the gums and teeth. When questioned 
further, the mother admits that the child liked 
sucklng the peeling paint on the railings outside 
the house. A diagnosis of chronic lead poisoning is 
made. This is conflnned by finding that the blood 
lead level was in excess of 50 µg per 100 mL. What 
effect does lead have on the nervous system? 

7. A 54-year-old man suddenly develops severe pain 
down both legs In the distribution of the sciatic 
nerve. He also notices numbness In the buttocks 
and perineum and recently notes that he cannot 
feel the passage of urine or feces. A diagnosis is 
made of central protrusion posteriorly of the inter
vertebral disc between the third and fourth lumbar 
vertebrae. The symptoms Indicate that the cauda 
equtna ts being pressed on. Can regeneration occur 
In the cauda equlna? 

8. By what anatomical route ts tetanus toxin believed to 
pass from a wound to the central nervous system? 

9. Following an automobile accident, a 35-year-old man 
is seen in the emergency department with fractures 
of the fifth and sixth ribs on the right side. In order 
to relieve the pain and discomfort experienced by 
the patient when breathing, the clinician decides to 
block the right fifth and sixth intercostal nerves by 
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injecting a local anesthetic, lidocaine (Xylocaine), 
around the nerve trunks. What is the effect of the 
local anesthetic agent on the nerve fibers? Are the 
large-diameter or the small-diameter nerve fibers 
more susceptible to the action of the drug? 

10. A 65-year-old man, on returning home from a 
party, finds that he cannot climb the stairs. He has 
consumed a large amount of whiskey and seems 
to have lost control of his legs. He sits down on 
a chair in the hallway and is soon in a deep, stu
porous sleep, with his right arm suspended over 
the back of the chair. The next morning, he wakes 
with a severe headache and loss of the use of his 
right arm and hand. During examination In the 
emergency department, the patient is found to have 
severe paralysis involving branches of the medial 
cord of the brachia) plexus and the radial nerve. 
The diagnosis is neuropraxia, which occurred as 
the result of the pressure of the back of the chair 
on the involved nerves. What is neuropraxia? How 
does this differ from axonotmesis and neurotmesis? 
What is the prognosis in this patient? How would 
you treat this case? 

11. A well-known politician ls attending a rally when a 
youth suddenly steps forward and shoots him in 
the back. Examination in the emergency depart
ment shows that the bullet has entered the back 
obliquely and is lodged in the vertebral canal at the 
level of the eighth thoracic vertebra. The patient 
cannot feel anything below this level and is para
lyzed from the waist downward. At the operation, 
a Iaminectomy is performed, and the bullet is 
removed. Considerable damage to the spinal cord 
is noted. What changes take place in the spinal cord 
when the nerve fibers are damaged? Does regenera
tion take place in the central nervous system? 

12. An IS-year-old woman visits her physician because 
she has burns, which she cannot feel, on the tips of 
the fingers of the right hand. She also mentions that 
she has weakness of her right hand. On physical 
examination, severe scarring of the fingers of the 
right hand is noted. Obvious atrophy of the small 
muscles of the right hand is also found. Testing 
the sensory modalities of the skin of the entire 
patient shows total loss of pain and temperature 
sensation of the distal part of the right upper limb. 
The left hand has diminished sensibility to pain and 
temperature. Definite muscular weakness is demon
strated In the small muscles of the right hand, and 
a small amount of weakness also is found in the 
muscles of the left hand. A diagnosis of syringo
myelia was made. (a) Using your neuroanatomical 
knowledge, describe the type of sensory nerve 
endings that are sensitive to pain and temperature. 
(b) How would you examine a patient to determine 
cutaneous pain and temperature sensory loss? 

13. A 35-year-old man, while walking past some work
men who are digging a hole in the road, suddenly 
becomes aware of a foreign body in his left eye. 
Because the cornea is extremely sensitive, he 
suffers considerable discomfort. What sensory 

endings are present in the cornea? Is the cornea 
sensitive to stimuli other than pain? 

14. A 60-year-old man visits his physician because for 
the past 3 months he has been experiencing an 
agonizing stabbing pain over the middle part of the 
right side of his face. The stabs last a few seconds 
but might be repeated several times. "The pain is 
the worst I have ever experienced," he tells his clini
cian. He has noticed particularly that a draft of cold 
air on his face or the touching of a few scalp hairs 
in the temporal region can trigger the pain. Physical 
examination reveals no sensory or motor loss of the 
trigeminal nerve. A diagnosis of trigeminal neuralgia 
is made. Using your knowledge of neuroanatomy, 
explain why hairs are so sensitive to touch. 

15. A 50-year-old man is diagnosed as suffering from 
tabes dorsalls. On physical examination, many 
signs of the syphilitic disease are present, includ
ing a total lack of deep sensation to pain. Intense 
squeezing of the calcaneus tendon or the testicles 
produces no response. Using your knowledge of 
neuroanatomy, explain how deep pain sensation is 
normally experienced. 

16. While carrying out a physical examination of a 
patient, the clinician asks the patient to cross his 
knees and relax his leg muscles. The left ligamen
tum patellae are then struck smartly with a reflex 
hammer, which immediately produces an invol
untary partial extension of the left knee joint (the 
knee-jerk test is positive). How does the central 
nervous system receive nervous information from 
the quadriceps femoris muscle in order that it may 
respond reflexly by extending the knee? 

17. A 55-year-old man suffering from syphilis of the 
spinal cord presents characteristic symptoms and 
signs of tabes dorsalis. He has experienced severe 
stabbing pains in the abdomen and legs for the last 
6 months. When asked to walk, the patient is seen 
to do so with a broad base, slapping the feet on the 
ground. How would you test the patient's ability 
to perceive the position of his lower extremities 
and his vibratory sense? Using your knowledge of 
neuroanatomy, explain how a normal individual is 
able to perceive the position of the extremities and 
detect vibrations. 

18. Using your knowledge of pharmacology, name two 
drugs that act as competitive blocking agents on 
skeletal neuromuscular junctions. Name the chem
ical substance against which these agents are com
peting. Name the sites at which the blocking agents 
are believed to act. 

19. Name a drug that will bring about flaccid paralysis 
of skeletal muscle by causing depolarization of the 
postsynaptic membrane. 

20. In cases of severe food poisoning, the organism Clos
tridium botulinum may be found to be responsible. 
How does this organism cause paralysis of the 
respiratory muscles? 

21. During a ward round, an orthopedic surgeon states 
that the degree of muscular atrophy that occurs in 
a limb immobilized in a cast is totally different from 



the degree of muscular atrophy that follows section 
of the motor nerve supply to muscles. The surgeon 
asks a medical student to explain this difference. 
How would you account for this difference in the 
degree of muscular atrophy? 

22. A 57-year-old man visits his physician because of 
pain In the right buttock that extends down the 
right leg, the back of the thigh, the outer side and 
back of the calf, and the outer border of the foot. 
The patient gives no history of previous injury but 
states that the pain started about 3 months ago as 
a dull, low backache. Since that time, the pain has 
increased in intensity and has spread down the right 
leg. When asked If the pain has ever disappeared, 
he replied that on two separate occasions the pain 
has diminished in intensity, but his back remains 
"stiff" all the time. He says the pain is aggravated by 
stooping or by coughing and sneezing. Sometimes, 
he experiences a "pins and needles" sensation along 
the outer border of his right foot. After a complete 
physical examination, a diagnosis is made of her
niation of a lumbar intervertebral disc. Using your 
knowledge of anatomy, state which intervertebral 
disc is most likely to have been herniated. 

23. A 61-year-old woman is seen by her physician 
because she Is experiencing a shooting, burning pain 
in the left side of her chest. Three days later, a group 
of localized papules appears on the skin covering the 
left fifth intercostal space. One day later, the papules 
become vesicular; a few days later, the vesicles dry 
up into crusts. The crusts later separate, leaving 
small permanent scars. The patient also notices 
some loss of sensibility over the left side of the 
chest. A diagnosis of herpes zoster is made. Using 
your knowledge of anatomy, state the segment of the 
spinal cord involved with the disease. 

24. While examining the sensory Innervation of the skin 
of the head and neck in a patient, a medical student 
has difficulty remembering the dermatomal pattern 
at the junction of the head with the neck and at 
the junction of the neck with the thorax. Are the 
dermatomes arranged in a special manner In these 
areas? If so, what is the underlying reason for this? 

25. On physical examination, a 30-year-old man is found 
to have weakness and diminished tone of the rhom
boid muscles, deltoids, and biceps brachii on both 
sides of the body. The degree of weakness is greater 
on the right side. The biceps tendon jerk is absent 
on the right side and diminished on the left side. 
The triceps jerks are normal on both sides of the 
body. The muscles of the trunk and lower limb 
show increased tone and exhibit spastic paralysis. 
Radiology of the vertebral column reveals the pres
ence of vertebral destruction due to a tumor arising 
within the vertebral canal. Using your knowledge of 
anatomy, answer the following questions: (a) Which 
vertebra is likely to have the tumor within the verte
bral canal? (b) Name the segments of the spinal cord 
that are being pressed on by the tumor. (c) Which 
segments of the spinal cord participate in the reflex 
arcs responsible for the biceps brachii tendon jerk? 
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(d) Why do the rhomboid and deltoid muscles exhib
it diminished muscle tone, whereas the muscles of 
the lower limb exhibit increased tone? 

26. Name three clinical conditions that could result in a 
loss of tone of skeletal muscle. 

27. A 69-year-old man with advanced tabes dorsalis 
is asked to stand with his toes and heels together 
and his eyes closed. He immediately starts to sway 
violently, and if the nurse had not held on to his 
arm, he would have fallen to the ground (positive 
Romberg test). Why was it vital for this patient to 
keep his eyes open in order to remain upright? 

28. A 63-year-old man with moderately advanced Par
kinson disease is disrobed and asked to walk in 
a straight line in the examining room. The phy
sician observes that the patient has his head 
and shoulders stooped forward, the arms slightly 
abducted, the elbow joints partly flexed, and the 
wrists slightly extended with the fingers flexed at 
the metacarpophalangeal joints and extended at 
the interphalangeal joints. On starting to walk, the 
patient leaned forward and slowly shuffles his feet. 
The farther he leans forward, the more quickly he 
moves his legs, so that by the time he has crossed 
the room, he is almost running. The patient's face 
is masklike and exhibits few emotional movements. 
The hands show a coarse tremor, and the muscles 
of the upper and lower limbs show increased tone 
in the opposing muscle groups when the joints are 
passively moved. Parkinson disease, or the parkin
sonian syndrome, can be caused by a number of 
pathologic conditions, but they usually interfere in 
the normal function of the corpus strlatum or the 
substantia nigra or both. Using your knowledge 
of the anatomy and physiology of muscle action, 
explain the different signs seen in this important 
syndrome. 

29. A IO-year-old girl Is taken to a neurologist because 
of a 6-month history of epileptic attacks. The par
ents describe the attacks as starting with sudden 
involuntary movements of the trunk, arms, or legs. 
Sometimes, the muscle movements are slight, but at 
other times, they are so violent that she has been 
known to throw an object in her hand across the 
room. At yet other times, the patient just falls to 
the ground as the result of a sudden loss of muscle 
tone. Having hit the ground, the patient wlll immedi
ately rise to her feet. On one occasion, she severely 
bruised her head and shoulder by striking a chair 
and a table. One month ago, the parents notice 
that their daughter appears to lose consciousness 
briefly. On that occasion, she is carrying on a nor
mal conversation when she suddenly stops and 
her gaze becomes fixed. After a few seconds, she 
becomes alert and continues her conversation. 
This patient is suffering from a form of epilepsy 
known as petit mal. What is the correct term for the 
sudden involuntary contraction of the muscles of 
the trunk or extremities? Name the condition of a 
patient who suddenly loses all muscle tone and falls 
to the ground. 
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30. A 45-year-old man suffering from amyotrophlc lat
eral sclerosis Is examined by a third-year medical 
student. The student found that the flexor and 
extensor muscles of the knee and ankle joints of 
the right leg are weaker than those of the left leg. 
However, she Is of the opinion that the muscles of 
the left leg also are somewhat weaker than normal. 
On palpation of the extensor muscles of the right 
thigh, twitching of the muscle fibers In the quad
riceps muscle Is detected. Marked atrophy of the 
muscles of both legs also Is noted. Cutaneous sen
sory loss In either limb ls not evident. Amyotrophlc 
lateral sclerosis Is a condition In which the motor 
anterior horn cells of the spinal cord and brainstem 
degenerate with secondary degeneration of the 
nervous tracts in the lateral and anterior portions 

of the spinal cord. Why do you think this patient 
had weakness and atrophy of the muscles of the 
lower limbs? What is the correct clinical term for 
the twitching of the muscle fibers in the extensor 
muscles of the right knee? 

31. A 12-year-old girl is diagnosed as suffering from a 
medulloblastoma of the cerebellum. Clinical and 
radiologic examinations reveal that the tumor is 
predominantly Invading the right cerebellar hemi
sphere. Knowing that the cerebellum is concerned 
with the coordination of motor activity so that 
complex voluntary movements Involving antago
nistic muscle groups can take place in a precise 
manner, what should you test for to demonstrate 
loss of cerebellar function? Describe the test for 
each parameter. 

Answers and Explanations to Clinical Problem Solving 

1. Nervous tracts are bundles of nerve fibers found 
in the brain and spinal cord, most of which are 
myelinated. Some of the main structural differences 
between a myelinated nerve tract and a myelinated 
peripheral nerve fiber are as follows: 

Nerve Tract 
Oligodendrocyte 
Mesaxon absent 
Schmidt-Lanterman incisures present 
Nerve fibers supported by neuroglla 
Peripheral Nerve Fiber 
Schwann cell 
Mesa:xon present 
Schmidt-Lanterman lncisures present 
Nerve fibers supix>rted by connective tissue sheaths, 

endoneurlum, perlneurium, and epineurlum 

2. Myelination Is fully described on page 72. Myelln 
sheaths begin to form during fetal development and 
during the first year postnatally. 

3. No. In the CNS, a single ollgodendrocyte may be 
responsible for the formation of myelln for as many 
as 60 nerve fibers. Clearly, It would not be possible 
for an ollgodendrocyte to rotate on each axon as 
does the Schwann cell in the PNS. In the CNS, the 
process of the oligodendrocyte is believed to grow 
in length and wrap itseH around the axon. 

4. (a) The microscopic changes that occur in the prox
imal and distal segments of a divided peripheral 
nerve are fully described on page 105. Remember 
that In the proximal segment, the changes occur 
only as far proximally as the next node of Ranvler, 
whereas the changes spread distally from the site 
of the lesion and Include its terminations. (b) If 
one bears In mind the considerations outlined on 
page 109 and that the surgeon has the experience 
to perform nerve suture, the following treatment 
should be instituted. H the knife was clean, the 
nerve should be immediately sutured, and any 
arterial damage should be 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 should be 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 protect
ed with a suitable splint, and the joints are gently 
exercised dally. (c) Once the regenerating axons 
have entered the distal segment, the nerve distal 
to the section becomes very sensitive to mechan
ical stimulation (Tinel sign). (d) Sensory recovery 
occurs first. Deep pressure sensation is the first 
sign of recovery. This is followed by the return of 
superficial cutaneous pain and vasomotor control of 
blood vessels. Later, the sensations of heat and cold 
return. Later still, light touch and tactile discrimina
tion reappear. Sensory recovery occurs before there 
Is return of voluntary movement. (e) For clinical 
purposes, a figure of 1.5 mm per day Is the average 
rate of regeneration. Use this figure to determine 
approximately how long it will take for a regenerat
ing nerve to reach Its end organs. 

5. Bell palsy is produced by swelling of the seventh 
cranial nerve (facial nerve) in the facial nerve canal 
of the skull. Its cause is unknown, although it often 
follows exposure to cold. Since the facial canal is 
bony, the nerve cannot expand and consequently 
becomes compressed and lschemic. In severe cases, 
the muscles of facial expression are paralyzed on 
one side of the face, and there ls loss of taste sensa
tion In the anterior part of the tongue on the same 
side. Massage of the paralyzed muscles should be 
undertaken to preserve their Integrity until nerve 
function returns. The majority of patients recover 
completely. In this patient, a serious residual palsy 
existed 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 to anastomose its proximal end to the distal 



end of the facial nerve. Although the right half of 
the tongue would be paralyzed, this causes little 
disability. A reasonable return of facial movement 
can be expected. The patient learns to move the 
face instead of the tongue by practicing in front of 
a mirror. Note that both the hypoglossal and facial 
nerves are peripheral nerves; therefore, regenera
tion is possible. The prognosis is especially good 
since the hypoglossal nerve is purely a motor 
nerve. 

6. Lead causes neuronal degeneration in the central 
nervous system and demyelination in the tracts of 
the spinal cord and peripheral nerves. The treat
ment ls to remove the child from the source of the 
lead and to aid rapid excretion by administering 
calcium dlsodlum versenate-a chelating agent. 
Nontoxic lead versenate is excreted in the urine. 

7. Yes. 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 endoneurlal sheaths and 
Schwann cells. Therefore, if adequate treatment is 
promptly instituted, regeneration will take place. 

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

9. Lidocaine is a local anesthetic that blocks nerve 
conduction when applied to a nerve fiber. The anes
thetic acts on the axolemma and interferes 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 sus
ceptible to the action of this drug. 

10. 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 . Microscopic evidence 
of degeneration does not exist. Axonotmesis is the 
term applied to a nerve lesion in which 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. The paralyzed muscles 
must 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. 

11. Degeneration in the CNS occurs 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 phagocytosed by the 
microglial cells. 
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The axons attempt to regenerate, as evidenced by 
sprouting of the axons, but no evidence shows that 
restoration of function ever occurs. The reasons for 
the failure of regeneration are fully described on 
page 107. 

12. Syringomyelia is a chronic disease of the spinal 
cord that is due to a developmental abnormality in 
the formation of the central canal. It ls character
ized by the appearance of a fluid-filled cavity within 
the spinal cord that gradually enlarges, causing 
destruction 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 cavity was encroaching on the motor 
anterior horn cells of both sides as well, causing 
weakness of the small muscles of the hands. 

(a) As ls now generally accepted, the type of sen
sation felt is determined not by a specific receptor 
but by the specific area of the central nervous sys
tem to which the afferent nerve fiber passes. Free 
nerve endings are commonly associated with axons 
serving pain and temperature. (b) The examination 
of a patient to test different sensory modalities is 
discussed on page 113. 

13. The only sensory receptors present in the cornea 
are free nerve endings. The cornea is sensitive 
to touch and temperature changes in addition to 
pain. 

14. All hair follicles are richly innervated. Free nerve 
endings are found as a branching network that 
winds around the folllcle below the entrance of the 
sebaceous duct. Merkel discs also are found in the 
epidermis of the folllcle. The hair shaft acts as a 
lever, so the slightest movement of the hair readily 
stimulates the nerve endings in the hair follicle. In 
this patient suffering from trigeminal neuralgia, the 
temporal region of the scalp was the trigger area, 
which, on stimulation, Initiated the Intense stabs of 
pain in the distribution of the maxillary division of 
the trlgemlnal nerve. 

15. Numerous free nerve endings are found in the con
nective tissue of tendons and the testes. Normally, 
squeezing these structures elicits an aching type of 
pain. In tabes dorsalis, the disease process affects 
the sensory neurons In the posterior roots of the 
spinal nerves. 

16. Striking the llgamentum patellae with a reflex ham
mer causes elongation of the intrafusal fibers of 
the muscle spindles of the quadriceps muscle and 
stimulation of the annulospiral and flower-spray 
endings. The nerve impulses reach the spinal cord 
In the afferent neurons within the femoral nerve and 
enter the cord at the level of L2-L4. The afferent 
neurons synapse with the large a motor neurons 
in the anterior gray horns of the spinal cord. Nerve 
impulses now pass via the efferent motor neurons 
in the femoral nerve and stimulate the extrafusal 
muscle fibers of the quadriceps muscle, which then 
contracts. The muscle spindle afferent impulses 
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inhibit the motor neurons of the antagonist muscles 
(see reciprocal inhibition, p. 92). 

1 7. To test position sense, the patient is placed in the 
supine position and is asked to close the 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, 
"Is the toe pointing up or down?" Another simple 
test is to ask the patient, again with the eyes closed, 
to place the right heel on the left shin and run it 
down the shin to the dorsum of the left foot. The 
patient ls then asked to repeat the performance 
with the left heel on the right shin. 

Vibratory sense can 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 the vibration is first felt and when it 
ceases. Symmetrical points on the two limbs may 
be compared, and the clinician can use his or her 
own limbs as a control. In the normal individual, the 
sense of position depends on the central nervous 
system receiving adequate information from the 
pressure receptors (P acinian 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 tendons ( espe
cially the neurotendinous spindles). 

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

Appreciation of the passive movements of joints, 
postural sensibility, and vibration sense is often lost 
in tabes dorsalis due to syphilitic destruction of the 
posterior columns of the spinal cord and degenera
tion of the posterior roots. 

18. d-Tubocurarine, dimethyltubocurarine, gallamine, 
and benzoquinonium are examples of competitive 
blocking agents. These drugs compete with the 
neurotransmitter acetylcholine (ACh). The com
petitive blocking agents are believed to combine 
with the same sites at the postsynaptic membrane 
(sarcolemma) of the motor endplate normally used 
byACh. 

19. Decamethonium and succinylcholine paralyze skel
etal muscle by depolarizing the motor endplate. 

20. C. botulinum produces a toxin that inhibits the 
release of acetylcholine at the motor endplate. Death 
results from paralysis of the respiratory muscles. 

21. Skeletal muscles that are not used, such as in a limb 
fitted with a splint immobilizing a fracture, undergo 
disuse atrophy. The longer the muscles are not 
used, the greater the degree of atrophy. In severe 
cases, the atrophy may amount to as much as 25% 
of the muscle mass. The muscle fibers rapidly atro
phy following section of a motor nerve, so the total 
mass of the muscle may be reduced by as much as 
75% in as little as 3 months. The precise reason for 
this severe atrophy is not understood. Apparently, 
the maintenance of normal muscle depends on the 
continued reception of acetylcholine and trophic 

substances from the nerve terminals at the post
synaptic membrane at the neuromuscular junction. 
The latter mechanism would be impossible if the 
motor nerve was sectioned and the distal end had 
degenerated. 

22. 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 involve
ment of these roots Is usually due to herniation of 
the fourth or fifth lumbar intervertebral disc. 

23. Herpes zoster is a viral infection of the posterior 
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 distri
bution of the fifth left lntercostal 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. 

24. The trigeminal (5th cranial) nerve innervates the 
skin of the greater part of the face. The next der
matome that occurs inferior to this is that of the 
2nd cervical nerve. The 6th to the 12th cranial 
nerves do not innervate the skin of the face. At the 
junction of the neck with the thorax, the 4th cervi
cal dermatome is contiguous with the 2nd thoracic 
dermatome; the anterior rami of the lower cervical 
and 1st thoracic spinal nerves lose their cutaneous 
distribution on the neck and trunk during the devel
opment of the upper limb. 

25. (a) The physical examination revealed weakness of 
the rhomboid, deltoid, and biceps brachll muscles, 
which are 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 vertebrae, respectively. 
(b) The fifth and sixth cervical segments of the spi
nal cord are being pressed on. (c) The biceps bra
chii reflex arc involves the fifth and sixth segments 
of the spinal cord. (d) The rhomboid and deltoid 
muscles show diminished muscle tone because 
the reflex arcs on which their tone depends travel 
through the compressed segments of the spinal 
cord; that is, the reflex arcs were no longer func
tioning normally. Because of the pressure of the 
tumor on the cervical region of the spinal cord, 
the nervous pathways passing down to lower seg
ments of the spinal cord were interrupted. This 
resulted in the motor anterior gray column cells of 
the segments of the cord below the level of com
pression receiving diminished information from 
the higher centers, with a consequent increase in 
muscle tone. 

26. Any disease process that can interrupt the normal 
functioning of the basic spinal reflex arc on 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 on a spinal nerve, a posterior root, or an 
anterior root; syringomyelia; and poliomyelitis. 



27. Tabes dorsalls, which ls a syphilitic Infection of 
the brain and spinal cord, produces degeneration 
of the central processes of the posterior root 
ganglion cells and also, usually, the ganglion cells 
themselves. The lower thoracic and lumbar sacral 
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. Eyesight in this patient compensated for 
lack of proprioception. 

28. In a normal individual, standing and walking are 
largely automatic, but a.s you have read In this chap
ter, these actMtles are highly complex and require 
the proper Integration of neural mechanisms at all 
levels of the spinal cord and brain. The basic mech
anism underlying muscle tone ls the spinal seg
mental reflex. In order to maintain normal posture, 
these reflex arcs must receive adequate nervous 
Input from higher levels of the nervous system. 
Diseases Involving the corpus strlatum ( caudate 
and Ientlform nuclei) or the substantla nigra result 
in an alteration in the pattern of nervous impulses 
impinging on the anterior horn cells of the spinal 
cord, hence the abnormal muscle tone. The increased 
tone is equal in extent in opposing muscle groups. The 
tremor of the parkinsonian syndrome is produced by 
the alternating movements of the agonlst and antag
onist muscles of a joint. The tremor Is most prom
inent 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. In Parkin
son disease, neuronal degeneration is seen In the 
substantia nigra, resulting in the loss of inhibitory 
control of the substantia nigra over the lentiform 
nucleus, putamen, and caudate nucleus. 

e Review Questions 

Directions: Each of the numbered Items In this section 
Is followed by answers. Select the ONE lettered answer 
that ts CORRECT. 

I. The following statements concern nerves: 
(a) Nerve tract is the name given to a nerve fiber 

in the peripheral and central nervous systems 
(PNS and CNS). 

(b} The supporting cell of a myelinated nerve fiber 
in the CNS is called an oligodendrocyte. 

(c) A node of Ranvier in peripheral nerves is where 
two Schwann cells come together and cover the 
exposed part of the plasma membrane of the axon. 

( d) Nodes of Ranvier are absent from myelinated 
nerve fibers in the CNS. 
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29. The syndrome of petit mal commonly has three 
sets of symptoms: (a) myoclonlc jerks, In which the 
patient experiences sudden lnvolwitary contrac
tlon of the muscles of the trunk and extremitles; 
(b) aldnetlc seizures, In which all muscles of the 
body suddenly lose tone; and (c) brief losses of 
consciousness, ln which the patient loses contact 
with the environment for a few seconds. 

30. 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. 

31. (a) Muscular hypotonla, which ls 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 affected 
side drops because of loss of muscle tone. With the 
patient disrobed, ask her to stand up straight with 
her back toward you. With a Wlilateral cerebellar 
lesion, the shoulder on the affected side may be 
lower than that on the opposite, normal side. (c) 
Disorders of voluntary movement (ataxia) due to 
loss of muscle coordination. (d) Nystagmus. This 
Is an Involuntary to-and-fro movement of the eyes. 
It ls commonly demonstrated. in cerebellar disease 
and Is due to lack of muscle coordination. When the 
eyes are turned horizontally, quick. rhythmic jerks 
occur In the direction of gaze. In wlilateral cerebellar 
lesions. the amplitude of nystagmus is greater and its 
rate is slower when the eyes are rotated toward the 
side of the lesion than when they are displaced to the 
opposite side. 

(e) The major dense line of myelln consists of two 
inner lipid layers of the plasma membrane that 
are fused together. 

2. The following statements concern nerves: 
(a) The minor dense line of myelln ls made up of 

protein. 
(b) lnclsures of Schmidt-Lanterman are caused by 

the mesaxons of the Schwann cells. 
(c) Only five or six unmyelinated axons may share 

a single Schwann cell in the peripheral nervous 
system (PNS). 

( d) The node of Ranvier is the site of nerve activity. 
(e) Chromatolysis Is the term used to describe the 

changes In the arrangement of Nlssl material 
within the axon following Injury. 
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3. The following statements concern an oligodendro
cyte: 
(a) A single oligodendrocyte may be associated 

with one segment of myelin on a single axon. 
(b) lncisures of Schmidt-Lanterman are not pres

ent in the myelinated fibers of the central ner
vous system (CNS). 

(c) Myelination in the CNS occurs by the rotation 
of the axon within the oligodendrocytic process 
and the wrapping of it around the axon. 

( d) A nonmyelinated axon in the CNS has a special 
relationship with the oligodendrocyte. 

(e) A single oligodendrocyte may be associated 
with the myelln sheaths of as many as 60 axons. 

4. The following statements concern spinal nerves: 
(a) There are 26 pairs. 
(b) They are formed by the union of anterior and 

posterior nerve roots. 
(c) The posterior ramus contains only sensory 

axons. 
( d) The anterior root contains only sensory axons. 
(e) The posterior root ganglion contains bipolar 

neurons enveloped in capsular cells. 
5. The following statements concern peripheral nerve 

plexuses: 
(a) They are formed by a network of connective 

tissue fibers. 
(b) Bundles of nerve fibers do not branch, and, in 

most instances, the individual nerve fibers do 
not branch. 

(c) Plexuses at the roots of the limbs are formed 
from posterior rami of spinal nerves. 

( d) The plexuses of the autonomic nervous system 
possess a network of efferent nerve fibers and 
no nerve cells. 

(e) A plexus situated at the root of a limb permits 
nerve fibers from different segments of the 
spinal cord to become rearranged so that they 
more easily travel to different parts of the limb. 

6. The following statements concern nerve conduc
tion: 
(a) Adequate stimulus decreases the permeability 

of the axolemma to Na+ ions at the point of 
stimulation. 

(b) During the absolute refractory period, a very 
strong stimulus will excite the nerve fiber. 

(c) As the action potential moves along the axon, 
the entry of Na+ ions into the axon increases 
and the permeability to K+ ions decreases. 

(d) A typical action potential is about +40 mV. 
(e) In the resting unstimulated nerve fiber, the 

interior of the axolemma is positive to the 
exterior. 

7. The following statements concern the propagation 
of a nerve impulse: 
(a) Conduction velocity is smallest in nerve fibers 

having a large cross-sectional diameter. 
(b) In nonmyellnated nerve fibers, the action poten

tial occurs along the length of the fiber. 
( c) A myelinated nerve fiber can be stimulated only 

between the nodes of Ranvier. 

( d) Saltatory conduction occurs only in the central 
nervous system. 

( e) At the node of Ranvier, the action potential has 
no effect on the surrounding tissue fluid. 

8. The following statements concern Wallerlan degen
eration: 
(a) Myelin breaks down into droplets that are phago-

cytosed by the Schwann cells. 
(b) The axon rapidly disappears. 
(c) Schwann cells round off and do not multiply. 
(d) In the central nervous system (CNS), debris is 

removed by the astrocyte cells. 
(e) In the peripheral nervous system (PNS), tissue 

macrophages play no part in the digestion of 
the nerve fragments. 

9. The following statements concern the failure of 
regeneration of nerve fibers In the central nervous 
system (CNS): 
(a) Endoneurial tubes are present. 
(b) Oligodendrocytes have a basement membrane. 
(c) Oligodendrocytes fail to multiply and form a 

band fiber, as do Schwann cells in the periph
eral nervous system (PNS). 

(d) Blood supply is not usually adequate. 
(e) Nerve growth factors are not present. 

10. The following factor may explain the partial return 
of function following injury to the spinal cord: 
(a) Edema fluid persists at the site of injury. 
(b) Nonfunctional neurons never take over the 

function of damaged neurons. 
(c) Reduction in the number of receptor sites may 

occur on the postsynaptic membranes. 
( d) Some of the axons completely regenerate. 
( e) With training, the patient may use other muscles 

to compensate for the loss of paralyzed muscles. 
11. The following statements concern receptor end

ings: 
(a) Rods and cones of the eyes are chemoreceptors. 
(b) Taste and smell endings are electromagnetic 

receptors. 
( c) Free nerve endings have no Schwann cells cov

ering their tips. 
(d) Merkel discs are fast-adapting touch receptors. 
( e) Meissner corpuscles are absent from the skin of 

the palm of the hand and the sole of the foot. 
12. The following statements concern receptor end

ings: 
(a) Pacinian corpuscles are slowly adapting mech

anoreceptors. 
(b) Ruffini corpuscles are fast-adapting stretch 

receptors found in the dermis of hairy skin. 
(c) Each Pacinian corpuscle has no capsule but has 

a central core containing the nerve ending. 
( d) Annulospiral endings in skeletal muscle do not 

possess intrafusal muscle fibers. 
(e) The number of Meissner corpuscles consider

ably diminishes between birth and old age. 
13. The following statements concern cutaneous recep

tors: 
(a) Different histologic types of receptors transmit 

different types of nerve impulses. 



(b) The type of sensation felt is determined by the 
specific area of the central nervous system 
(CNS) to which the sensory nerve fiber passes. 

( c) Transduction at the receptor is the process by 
which the stimulus is changed into the mechan
ical energy of the nerve impulse. 

(d) When applied to the receptor, the stimulus 
brings about a change in the potential of the 
plasma membranes of the capsule cells and not 
the nerve ending. 

( e) If small enough, the receptor potential will gen
erate an action potential in the afferent sensory 
nerve fiber. 

14. The following statements concern the function of a 
neuromuscular spindle: 
(a) It gives rise to intermittent afferent nerve 

impulses. 
(b) Only active muscle movement causes an 

increase in the rate of passage of nerve impulses 
in the afferent nerve fiber. 

(c) The neuromuscular spindle keeps the central 
nervous system (CNS) informed about muscle 
activity. 

(d) The neuromuscular spindle directly influences 
the control of voluntary movement. 

(e) Flower-spray endings are situated mainly on 
the nuclear bag fibers close to the equatorial 
region. 

15. The following statements concern the neurotendi
nous spindles: 
(a) They are situated in tendons some distance 

away from the musculotendinous junction. 
(b) The nerve terminates in a single club-shaped 

ending. 
(c) Each has a fibrous capsule, loosely arranged 

collagen fibers, and tendon cells. 
(d) Neurotendinous spindles are found only In 

slow-acting muscles. 
(e) The neurotendinous spindle is activated by 

changes in muscle tension and stimulates mus
cle contraction. 

16. The following statements concern the neuromuscu
lar junctions in skeletal muscle: 
(a) Each terminal branch of the motor nerve ends 

as an axon covered with fine connective tis
sue. 

(b) Each axon lies in a groove on the surface of 
the muscle fiber formed by the infolding of the 
muscle plasma membrane (sarcolemma). 

(c) Having caused depolarization of the postsyn
aptlc membrane, acetylchollne (ACh) ls reab
sorbed into the axon terminal. 

( d) ACh is released from the axon terminal when 
the nerve impulse leaves the initial segment of 
the axon. 

(e) Schwann cells form the floor for the groove on 
the surface of the muscle fiber. 

17. The following statements concern the neuromuscu
lar junctions on smooth and cardiac muscle: 
(a) In smooth muscle, the autonomic nerve fiber 

exerts control over a single muscle fiber. 

Review Questions 127 

(b) In smooth muscle, the wave of contraction does 
not pass from one muscle fiber to another. 

(c) In cardiac muscle, the wave of contraction 
spreads slowly from one muscle fiber to another 
by way of desmosomes and gap junctions. 

(d) Autonomic nerve fibers terminate on smooth 
muscle as unmyelinated fibers. 

(e) At the site of the neuromuscular junction, the 
axon is completely surrounded by Schwann cells. 

18. The following statements concern skin sensations 
and dermatomes: 
(a) To produce a region of complete anesthesia on 

the trunk, at least three segments of the spinal 
cord have to be damaged. 

(b) When contiguous spinal nerves are sectioned, 
the area of tactile loss is always smaller than 
the area of loss of painful and thermal sensa
tions. 

(c) The dermatome present on the medial side of 
the wrist is CS. 

( d) The dermatome present on the point of the 
shoulder is C2. 

(e) The dermatomes for the limbs run almost hori
zontally. 

19. The following statements concern muscle reflexes: 
(a) The biceps brachii tendon reflex involves the 

C5-C6 segments of the spinal cord. 
(b) The triceps tendon reflex involves the Tl seg

ment of the spinal cord. 
(c) The patellar tendon reflex (knee jerk) involves 

LS-Sl segments of the spinal cord. 
( d) A tumor pressing on the second, third, and 

fourth lumbar segments of the spinal cord is 
likely to interfere with the ankle jerk. 

(e) The abdominal superficial reflexes involve T3-
TS segments of the spinal cord. 

20. The following statements concern the dermatomes 
of the trunk and lower limbs: 
(a) The TS dermatome includes the skin of the 

umbilicus. 
(b) The LS dermatome lies over the lateral side of 

the knee joint. 
(c) The L2 dermatome lies over the medial side of 

the knee joint. 
( d) The S2 dermatome runs along the lateral side of 

the foot. 
(e) The LI dermatome lies over the Inguinal liga

ment. 
21. The following statements concern muscle innerva

tion: 
(a) A motor unit consists of the posterior root 

ganglion and all the neuromuscular spindles to 
which it is connected. 

(b) In the small muscles of the hand, one nerve 
fiber supplies large numbers of muscle fibers. 

(c) Neurotendinous spindles are innervated by 
nonmyelinated nerve fibers. 

(d) Muscle tone is dependent on the integrity of a 
simple monosynaptic reflex arc. 

(e) They motor efferent fibers innervate the extra
fusal fibers of a muscle spindle. 
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22. The following statements concern skeletal muscle 
action: 
(a) When a muscle begins to contract, the larger 

motor units are stimulated first. 
(b) Muscle fatigue is caused by an exhaustion of 

the presynaptlc vesicles at the neuromuscular 
junction. 

(c) When a prime mover contracts, the antagonis
tic muscles are Inhibited. 

{d) When a muscle is paralyzed, It does not imme
diately lose Its nonnal tone. 

(e) To paralyze a muscle completely, destroying 
several adjacent segments of the spinal cord or 
their nerve roots is not necessary. 

23. The following statements concern posture: 
(a) In the standing position, the line of gravity 

passes through the odontoid process of the 
axis, behind the centers of the hip joints, and in 
front of the knee and ankle joints. 

(b) Posture depends on the strength of the joint lig
aments and not on the degree and distribution 
of muscle tone. 

(c) A particular posture can often be maintained 
for long periods by groups of muscle fibers In a 
muscle contracting together continuously. 

( d) The cerebral cortex has no role in the mainte
nance of normal posture. 

(e) Nerve impulses arising in the eyes and ears 
cannot influence posture. 

24. The following clinical observation on muscle acti
vity can be made: 
(a) Muscle contracture is a condition In which the 

muscle contracts for a long period of time. 
(b) Muscle fasciculation is seen with chronic dis

ease that affects sensory nerves supplying 
muscles. 

(c) Muscle atrophy does not take place when a 
limb is immobilized in a splint. 

(d) Muscle wasting can occur if only the efferent 
motor nerve fibers to a muscle are sectioned. 

(e) Wasting does not occur in the muscles acting 
on the shoulder joint in patients with painful 
perlcapsulltis involving that joint. 

fi Answers and Explanations to Review Questions 

1. B Is correct. The supporting cell of a myelinated 
nerve fiber In the CNS is called an oligodendrocyte. 
A. Nerve tract Is the name given to a nerve fiber In 
the CNS. C. A node of Ranvier in peripheral nerves 
Is where two Schwann cells terminate and the plas
ma membrane of the axon Is exposed (see p. 72). 
D. Nodes of Ranvier are present in myelinated nerve 
fibers in the CNS. E. The major dense line of myelin 
consists of two inner protein layers of the plasma 
membrane that are fused together. 

2. D is correct. The node of Ranvier is the site of nerve 
activity. A. The minor dense line of myelln is made 
up of lipid. B. lncisures of Schmidt-Lanterman 
represent where the dark major dense line Is not 
fanned as a result of the localized persistence of 
Schwann cell cytoplasm (Fig. 3-7). C. As many as 
15 or more unmyelinated axons may share a single 
Schwann cell in the PNS. E. Chromatolysis is the term 
used to describe the changes in the arrangement of 
Nissl material within the cytoplasm of the nerve cell 
body following injury (see p. 106). 

3. E is correct. A single oligodendrocyte may be asso
ciated with the myelin sheaths of as many as 60 
axons (seep. 72). A. A single oligodendrocyte may 
be associated with several segments of myelin on 
a single axon. 8. lncisures of Schmidt-Lanterman 
are present In the myelinated fibers of the CNS. 
C. Myellnatlon In the CNS occurs by the growth 
In length of the ollgodendrocytic process and the 
wrapping of It around the axon. D. A nonmyellnated 
axon in the CNS has no special relationship with the 
oligodendrocyte (see p. 79). 

4. B is correct. Spinal nerves are formed by the union of 
anterior and posterior nerve roots (Fig. 3-1). A. There 

are 31 pairs of spinal nerves. C. The posterior ramus 
of a spinal nerve contains both motor and sensory 
axons. D. The anterior root of a spinal nerve contains 
only motor axons. E. The posterior root ganglion of a 
spinal nerve contains unipolar neurons enveloped in 
capsular cells. 

5. Eis correct. A peripheral nerve plexus situated at 
the root of a limb permits nerve fibers from differ
ent segments of the spinal cord to become rear
ranged so that they more easily travel to different 
parts of the limb (seep. 81). A. Peripheral nerve 
plexuses are formed by a network of nerve fibers. 
B. In peripheral nerve plexuses, bundles of nerve 
fibers branch, but In most instances, the Individ
ual nerve fibers do not branch. C. The peripheral 
nerve plexuses at the roots of the limbs are formed 
from the anterior raml of the spinal nerves. D. The 
nerve plexuses of the autonomic nervous system 
possess a network of nerve fibers and nerve cells. 

6. D is correct. In nerve conduction, a typical action 
potential is about +40 mV (see pp. 44--45). A. In nerve 
conduction, an adequate stimulus Increases the per
meability of the axolemma to Na+ ions at the point of 
stimulation. B. During the absolute refractory period 
of nerve conduction, no stimulus, no matter how 
strong, will excite the nerve fiber. C. During nerve 
conduction, the action potential moves along the 
axon; the entry of Na+ ions into the axon ceases, and 
the permeabllity of the plasma membrane of the 
axon to I(+ ions increases (seep. 44). E. In the resting 
unstimulated nerve fiber, the interior of the plasma 
membrane (axolemma) is negative to the exterior. 

7. B is correct. In nonmyelinated nerve fibers, the 
action potential occurs along the length of the fiber. 



A. Conduction velocity is greatest in nerve fibers 
having a large cross-sectional diameter. C. A myelin
ated nerve fiber can be stimulated only at the nodes 
of Ranvier. D. Saltatory conduction occurs in both 
the peripheral and central nervous systems. E. At 
the node of Ranvier, the action potential sets up 
an electrical current in the surrounding tissue fluid 
(seep. 72). 

8. A is correct. In Wallerian degeneration, the myelin 
breaks down into droplets that are phagocytosed 
by the Schwann cells. B. In Wallerian degeneration, 
the axon first breaks up into fragments before it is 
phagocytosed by the surrounding Schwann cells 
(seep. 105). C. In Wallerian degeneration, the Schwann 
cells proliferate rapidly and become arranged in par
allel cords within the persistent basement membrane. 
D. In Wallerian degeneration in the CNS, the debris 
is removed by the microglial cells. E. In Wallerian 
degeneration in the PNS, the tissue macrophages 
are very active in removing the nerve fragments. 

9. C Is correct. Following Injury to the CNS, the oligo
dendrocytes fail to multiply and form a band fiber as 
do Schwann cells in the damaged PNS (seep. 106). 
A. The absence of endoneurial tubes may be import
ant in the failure in the regeneration of injured CNS 
tissue (see p. 106). B. Ollgodendrocytes have no 
basement membrane. D. Blood supply to the central 
nervous tissue Is usually adequate. E. In the CNS, no 
nerve growth factors are present. 

10. E is correct. The partial return of function seen 
in spinal cord injuries may be due in part to the 
patient using other muscles to compensate for the 
loss of the paralyzed muscles. A. Following injury to 
the central nervous system, the edema fluid usually 
subsides at the site of Injury and will result In some 
clinical improvement (see p. 107). B. Nonfunctional 
neurons may take over the function of damaged 
neurons. C. The receptor sites on the postsynaptic 
membrane may increase in number and be respon
sible for some posttraumatic improvement. D. Evi
dence does not show that destroyed axons in the 
central nervous system completely regenerate after 
injury. 

11. C is correct. Free nerve endings have no Schwann 
cells covering their tips (seep. 84). A. The rods and 
cones of the eyes are examples of electromagnetic 
receptors. B. Taste and smell receptors are chemo
receptors. D. Merkel discs are slow-adapting touch 
receptors. E. Meissner corpuscles are present in the 
skin of the palm of the hand and the sole of the foot. 

12. E Is correct. The number of Meissner corpuscles Is 
considerably reduced between birth and old age. 
A. Pacinian corpuscles are fast-adapting mechano
receptors. B. Ruffini corpuscles are slow-adapting 
stretch receptors found in the dermis of hairy skin. 
C. Each Pacinlan corpuscle has a Iamellated cap
sule and a central core containing the nerve ending 
(Figs. 3-23 and 3-24). D. Annulosplral endings in skel
etal muscle do possess intrafusal muscle fibers. 

13. B is correct. The type of sensation felt is determined 
by the specific area of the CNS to which the sensory 
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nerve fiber passes (see p. 89). A. Although a variety 
of histologic types of receptors exist, their nerves 
only transmit the same nerve impulses. C. Trans
duction at the receptor is the process by which the 
energy of the stimulus Is changed Into electrochemi
cal energy of the nerve impulse. D. When applied to 
the receptor, the stimulus brings about a change in 
the potential of the plasma membrane of the nerve 
ending (seep. 89). E. If large enough, the receptor 
potential will generate an action potential in the affer
ent sensory nerve fiber. 

14. C Is correct. The neuromuscular spindle keeps the 
CNS informed about muscle activity (seep. 89). A. 
The neuromuscular spindle gives rise to afferent 
nerve impulses all the time. B. When active or pas
sive muscle movement occurs, the rate of passage 
of nerve Impulses In the afferent nerve fibers of the 
neuromuscular spindles increases. D. The neuro
muscular spindle Indirectly Influences the control 
of voluntary movement (seep. 90). E. Flower-spray 
endings are situated mainly on the nuclear chain 
fibers some distance from the equatorial region 
(Fig. 3-25). 

15. C is correct. Each neurotendlnous spindle has a 
fibrous capsule, loosely arranged collagen fibers, 
and tendon cells (see p. 92). A. Neurotendinous 
spindles are situated in tendons close to the mus
culotendinous junction. B. The nerve ends within 
the spindle by branching and terminating in club
shaped endings. D. Neurotendinous spindles are 
found in fast- and slow-acting muscles. E. The 
neurotendinous spindle is activated by changes in 
muscle tension and inhibits muscle contraction. 

16. B is correct. At a neuromuscular junction, each 
axon lies in a groove on the surface of the mus
cle fiber formed by the infolding of the muscle 
plasma membrane (sarcolemma) (Fig. 3-30). A. At 
a neuromuscular junction, each terminal branch of 
the motor nerve ends as a naked axon. C. Having 
caused depolarization of the postsynaptlc mem
brane, ACh is immediately hydrolyzed in the synap
tic cleft by acetylcholinesterase (seep. 96). D. ACh 
is released from the axon terminal when the nerve 
impulse reaches the neuromuscular junction. E. 
At the neuromuscular junction, the Schwann cells 
form a cap or roof for the groove on the surface of 
the muscle fiber. 

17. D is correct. Autonomic nerve fibers terminate 
on smooth muscle fibers as unmyelinated fibers 
(seep. 98). A. In neuromuscular junctions of smooth 
muscle, the autonomic nerve fiber exerts control 
over several muscle fibers (seep. 98). B. In smooth 
muscle, the wave of contraction passes from one 
muscle fiber to another by means of gap junctions. 
C. In cardiac muscle, the wave of contraction 
spreads rapidly from one muscle fiber to another 
by way of desmosomes and gap junctions. E. At the 
site of a neuromuscular junction involving smooth 
muscle, the axon lies in a shallow groove on the 
muscle surface, and the Schwann cell is retracted 
to expose the axolemma (Fig. 3-34). 
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IS. A ls correct. To produce a region of complete anes
thesia on the trunk, at least three segments of the 
spinal cord have to be damaged (seep. 9S). B. When 
contiguous spinal nerves are sectioned, the area of 
tactile loss Is always greater than the area of loss of 
painful and thermal sensations. C. The dermatome 
present on the medial side of the wrist is CS. D. The 
dermatomes present on the point of the shoulder 
are C3-C4. E. Limb dermatomes run almost vertical
ly (see Figs. 3-36 and 3-37). 

19. A ls correct. The biceps brachii tendon reflex Involves 
C5-C6 segments of the spinal cord (seep. 100). B. The 
triceps tendon reflex involves the C6-C7 and CS 
segments of the spinal cord. C. The patellar tendon 
reflex (knee jerk) involves the L2-IA segments of 
the spinal cord. D. A tumor pressing on the Sl-S2 
segments of the spinal cord is likely to interfere with 
the ankle jerk. E. The abdominal superficial reflexes 
Involve T6-Tl2 segments of the spinal cord. 

20. E Is correct. The Ll dermatome lies over the 
inguinal ligament (see Fig. 3-36). A. The TIO der
matome Includes the skin of the umbilicus; the TS 
dermatome involves the skin between the xiphoid 
process and the umbilicus. B. The LS dermatome 
lies over the anterior and lateral surfaces of the leg 
below the knee. C. The L2 dermatome lies over the 
anterior and lateral surfaces of the thigh. D. The 52 
dermatome extends down the middle of the poste
rior surface of the thigh and leg (see Fig. 3-37). 

21. D is correct. Muscle tone is dependent on the 
integrity of a simple reflex arc (seep. 101). A. A motor 
unit consists of a motor neuron in the anterior 
gray column (horn) of the spinal cord and all the 
muscle fibers it supplies (Fig. 3-39). B. In the small 
muscles of the hand, one nerve fiber supplies only 
a few muscle fibers. C. Neurotendinous spindles 
are innervated by myelinated nerve fibers. E. The 

'Y motor efferent fibers innervate the intrafusal 
fibers of a muscle spindle. 

22. C is correct. In voluntary muscle movement, when 
a prime mover contracts, the antagonistic muscles 
are inhibited (see p. 92). A. When a muscle begins 
to contract, the smaller motor units are stimulated 
first. B. Muscle fatigue ls caused by reduced adenos
ine triphosphate within the muscle fibers. D. When a 
muscle is paralyzed, it immediately loses its normal 
tone (seep. 101). E. To paralyze a muscle complete
ly, destroying several adjacent segments of the spi
nal cord or their nerve roots Is usually necessary. 

23. A is correct. In the standing position, the line of 
gravity passes through the odontold process of 
the axis, behind the centers of the hip joints, and 
In front of the knee and ankle joints (see p. 102). 
B. Posture depends on the degree and distribution 
of muscle tone. C. A particular posture can often 
be maintained for long periods by different groups 
of muscle fibers in a muscle contracting in relays. 
D. The cerebral cortex makes an Important con
tribution to the maintenance of normal posture 
(seep. 102). E. Nerve impulses arising In the eyes 
and the ears can greatly influence posture. 

24. D is correct. Muscle wasting can occur if only 
the efferent motor nerve fibers to a muscle are 
sectioned (see p. 109). A. Muscle contracture is a 
condition In which the muscle contracts and under
goes permanent shortening; It occurs frequently in 
muscles that normally oppose paralyzed muscles. 
B. Muscle fasciculation is seen with chronic disease 
that affects anterior horn cells or the motor nuclei 
of cranial nerves. C. Muscle atrophy takes place 
when a limb is immobilized in a splint. E. Wasting 
occurs in the muscles acting on the shoulder joint 
in patients with painful pericapsulitis involving that 
joint. 



Spinal Cord and Ascendin? 
Descending, and 
lntersegmental Tracts 

CHAPTER OBJECTIVES 

• To learn how injuries to the spinal cord can occur 

• To understand the position of the main nervous 
pathways and nerve cell groups in the spinal cord 
as well as be able to correlate radiologic evidence of 
bone injury with segmental levels of the spinal cord 
and neurologic deficits 

A 35-year-old man is galloping his horse when he attempts 
to jump over a farm gate. The horse refuses to jump, and 
he is thrown to the ground. His head strikes a log, and his 
head and neck are excessively flexed. On initial evaluation 
in the emergency department after he regains conscious
ness, he is found to have signs and symptoms of severe 
neurologic deficits in the upper and lower extremities. A 
lateral radiograph of the cervical region of the spine shows 
fragmentation of the body of the fourth cervical vertebra 
with backward displacement of a large bony fragment on 
the left side. 

After stabilization of the vertebral column by using 
skeletal traction to prevent further neurologic damage, a 
complete examination reveals that the patient has signs 

Spinal cord injuries are common and can occur as a 
result of automobile and motorcycle accidents, falls, 
sports injuries, and gunshot wounds. Spinal cord and 
spinal nerve damage may also be associated with ver
tebral fractures; vertebral infections; vertebral tumors, 
both primary and secondary; and herniated. interver
tebral discs. The student must learn the course and 
connections of the various tracts within the spinal cord 
In order to be able to diagnose and understand the treat
ment of cord injuries. Particular attention should be 
pald as to whether a specific tract crosses the mldllne 
to the opposite side of the central nervous system (CNS) 
or remains on the same side. If the tract does cross the 
midline, the level of the crossover is important. 

The assessment of neurologic damage requires not 
only an understanding of the main nervous pathways 
within the spinal cord but an ability to correlate 

• To review the basic structure of the delicate spinal 
cord and the positions and functions of the various 
ascending and descending tracts that lie within it 

• To make simple line drawings of each of the 
ascending and descending tracts, showing their 
cells of origin, their course through the central 
nervous system, and their destination 

and symptoms indicating incomplete hemisection of the 
spinal cord on the left side. 

Any medical personnel involved in the evaluation and 
treatment of a patient with spinal cord injuries must know 
the structure of the spinal cord and the arrangement and 
functions of the various nerve tracts passing up and down 
this vital conduit in the central nervous system. 

Because of the devastating nature of spinal cord injuries 
and the prolonged disability that results, all concerned 
with the care of such patients must be trained to prevent 
any additional cord injury and provide the best chance for 
recovery. All medical personnel must have a clear picture 
of the extent of the cord lesion and the possible expecta
tions for the return of function. 

radiologic evidence of bone injury with segmental 
levels of the spinal cord. The close relationship of the 
spinal cord to the bony vertebral column necessitates 
a brief review of the vertebral column before the spinal 
cord is considered. 

BRIEF REVIEW OF THE 
VERTEBRAL COLUMN 
The vertebral column ls the central bony pillar of the 
body. It supports the skull, pectoral girdle, upper limbs, 
and thoracic cage and, by way of the pelvic girdle, 
transmits body weight to the lower limbs. Within its 
cavity lie the spinal cord, spinal nerve roots, and the 
covering meninges, to which the vertebral column gives 
great protection. 

131 
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Vertebral Column Composition 
The vertebral column (Figs. 4-1 and 4-2) is composed of 
33 vertebrae-7 cervical, 12 thoracic, 5 lumbar, 5 sacral 
(fused to form the sacrum), and 4 coccygeal (the lower 
3 are commonly fused). Because it is segmented. and 
made up of vertebrae, joints, and pads of fibrocartilage 
called lntervertebral dllca, it is a flexible structure. The 
lntervertebral discs form about a quarter of the length 
of the column. 

Vertebra General Characterlstlcs 
Although vertebrae show regional differences, they all 
possess a common pattern {Fig. 4-28). A typical vertebra 
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consists of a rounded body anteriorly and a vertebral 
arch posteriorly. These enclose a space called the verte
bral fonmeu., through which run the spinal cord and Its 
coverings. The vertebral arch consists of a pair of cylindri
cal pedldes, which form the sides of the arch, and a pair 
of flattened. laminae, which complete the arch posteriorly. 

The vertebral arch gives rise to seven processes: one 
spinous, two transverse, and four articular. 

The splnou procen, or iplne, is directed posteri
orly from the junction of the two laminae. The trans
verse processes are directed. laterally from the junction 
of the laminae and the pedicles. Both the spinous 
and transverse processes serve as levers and receive 
attachments of muscles and llgaments. 

,,,-· External occipital protuberance ,,.. 

-- Ligamentum nuchae 

Greater 1roc:hanter 

Rgure 4-1 Posterior view of the skeleton showing the vertebral column. The surface marking 
of the external occipital protuberance of the skull, the ligamentum nuchae (so/id black line) and 
some important palpable spines (solid dots) are also shown. 



Brief Review of the Vertebral Column 133 

AU as Axis 
- - Spine (bifid) 

Lamina 
Vertebral foramen ""- /. 

' -/ - ""' Transverse Ped~ 
process I '-._ 

___ _.., 

.--~· J--~uperior articular facet 

--

Thoracic 
curve 

Sacral curve 

A 

Cervical 
wrtebrae 

(7} 

Facet for 
rib tubercle 

Thoracic 
vertebrae 

(12) 

Lumbar 
vertebrae 

(S) 

} 

Sacral 
vertebrae 

(5) 

~Coccygeal vertebrae 
J (4) 

Body 
~--..,, 

-* C4 

_ __ Posterior tubercle 

---~ Foramen 
\ transversarium 

Anterior tubercle 

.,- Spine 
Transverse 

- process 

-..,..,- Pedicle 

-l._ DemHacet for rib head 

---- Spine 

Lamina 

/ Superior articular process 

, / v., 
Transverse process 

~.._.----."'--._ .... Pedlcle 

Promontory Superior articular process 
/ 

Figure 4-2 A:. Lateral view of the vertebral column. B: General features of different kinds of vertebrae. 

The articular proceaes are vertically arranged and 
consist of two superior and two Inferior processes. They 
arise from the junction of the laminae and the pedicles. 
The two superior articular processes of one vertebral 
arch articulate with the two inferior articular processes 
of the arch above, forming two synovial joints. 

The pedlcles are notched on their upper and lower 
borders, forming the •perlor and Inferior vertebral 
notches. On each side, the superior notch of one 
vertebra and the inferior notch of an adjacent verte
bra together form an lntervertebral foramen. These 
foramlna, in an articulated skeleton, serve to transmit 
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Figure 4-3 A: Joints in the cervical, thoracic, and lumbar regions of the vertebral column. 
B: Third lumbar vertebra seen from above showing the relationship between intervertebral 
disc and cauda equina. C: Lumbar vertebrae in sagittal section showing vertebral ligament 
relationships. 

the spinal nerves and blood vessels. The anterior and 
posterior nerve roots of a spinal nerve unite within 
these foramlna with their coverings of dura to fonn the 
segmental spinal nerves. 

Vertebral Column Joints 
Below the axis, the vertebrae articulate with each other 
by means of cartilaginous Joints between their bodies 
and by synovlal joints between their articular processes. 

Joints Between 1Wo Vertebral Bodies 

Sandwiched between the vertebral bodies is an inter
vertebral disc of fibrocartilage (Fig. 4-3). 

lntervertebral Discs 
The lntervertebral discs are thickest In the cervical and 
lumbar regions, where the movements of the vertebral 
column are greatest. They serve as shock absorbers 
when the load on the vertebral column ls suddenly 



Increased. Unfortunately, their reslllence is gradually 
lost with advancing age. 

Each disc consists of a peripheral part, the annulus 
fibrosus, and a central part, the nucleus pulposus 
(Fig. 4-3B,C). The 8Dllulm fl.brosus ls composed of fibro
cartilage, which is strongly attached to the vertebral 
bodies and the anterior and posterior longitudinal liga
ments of the vertebral column. 

The nucleua pulpo111.1 in the young is an ovoid mass 
of gelatinous material. It is normally under pressure and 
situated slightly nearer to the posterior than to the ante
rior margin of the disc. The upper and lower surfaces of 
the bodies of adjacent vertebrae that abut onto the disc 
are covered with thin plates of hyallne cartilage. 

The semlfluld nature of the nucleus pulposus allows It 
to change shape and permits one vertebra to rock forward 
or backward on another. A sudden increase in the com
pression load on the vertebral column flattens the nucleus 
pulposus, which is accommodated by the resilience of the 
surrounding aruiulus fibrosus. Sometimes, the outward 
thrust is too great for the annulus flbrosus and it ruptures, 
allowing the nucleus pulposus to herniate and protrude 
into the vertebral canal, where it may press on the spinal 
nerve roots, the spinal nerve, or even the spinal cord. 

With advancing age, the nucleus pulposus becomes 
smaller and is replaced by fibrocartilage. The collagen 
fibers of the annulus degenerate, and, as a result, the 
annulus cannot always contain the nucleus pulposus 
under stress. In old age, the discs are thin and less elas
tic, and distinguishing the nucleus from the annulus Is 
no longer possible. 

Ltgamentll 
The anterior and poeterlor longitudinal Dgamena run 
as continuous bands down the anterior and posterior 
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surfaces of the vertebral column from the skull to the 
sacrum (Fig. 4-3C). The anterior ligament ts wlde and Is 
strongly attached to the front and sides of the vertebral 
bodies and to the intervertebral discs. The posterior 
ligament ls weak and narrow and Is attached to the pos
terior borders of the discs. 

Joints Between Two Vertebral Ardles 

The joints between two vertebral arches consist of 
synovlal joints between the superior and inferior artic
ular processes of adjacent vertebrae (Fig. 4-3A). 

Ligaments 
Refer to Figure 4-3C. 

• The supn1plnoua ligament runs between the tips of 
adjacent spines. 

• The lntenplnous ligament connects adjacent spines. 
• The lntertransvene ligaments run between adjacent 

transverse processes. 
• The llgamentum. tlawm connects the laminae of adja

cent vertebrae. 

In the cervical region, the supraspinous and interspi
nous ligaments are greatly thickened to form the strong 
llgamentum nuchae. 

V•rtebral Joint N•rv• Supply 

The Joints between the vertebral bodies are innervated 
by the small meningeal branches of each spinal nerve 
(Fig. 44). The joints between the articular processes 
are Innervated by branches from the posterior raull 
of the spinal nerves; the joints of any particular level 
re<:elve nerve fibers from two adjacent spinal nerves. 

The atlanto-occipital joints and the atlanto-axial joints 
should be reviewed in a textbook of gross anatomy. 
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Figure 4-4 The innervation of vertebral joints. At any particular vertebral 
level, the joints receive nerve fibers from two adjacent spinal nerves. 
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SPINAL CORD 
The spinal cord ls roughly cylindrical ln shape. It begins 
superiorly at the foramen magnum in the skull, where It 
is continuous with the medulla oblongala of the brain, 
and it terminates inferiorly in the adult at the level of 
the lower border of the fil'lt lumbar vertebra. In the 
young child, it is relatively longer and usually ends at 
the upper border of the third lumbar vertebra. Thus, 
it occupies the upper two thirds of the vertebral canal 
of the vertebral column and is surrounded by the three 
meninges, the dura mater, the arachnoid mater, and 

Eight oervical 
segments 

Twelve 
thoracic 

segments 

Five lumbar 
segments 

-~~ 
Ugamentum 
dentlculatum 

Spinal nerve _....... 

B 

the pla malel'. Further protection ts provided by the 
cerebrosplnal fluid {CSF), which surrowids the spinal 
cord in the aubaraclmold space. 

In the cervlcal region, where it gives origin to 
the brachial plexus, and In the lower thoracic and 
lumbar regions, where It gives origin to the lumbo
sacral plexus, the spinal cord is fusiformly enlarged; 
the enlargements are referred to as the cervical and 
lumbar enlargements {Fig. 4-5). Inferiorly, the spinal 
cord tapers off into the conua mednllarls, from the 
apex of which a prolongation of the pia mater, the 
ftlum. termlnale, descends to attach to the posterior 

---~= spinal nerve 

~==-- Posterior roots 
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-....... 
--~Arachnoid mater 
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I 
Spinal cord covered with pla mater 

.;.,---~---'- Lumbar enlargement (L 1-SS) 
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A 

Figure 4-6 Spinal cord. A: Posterior view, showing cervical and lumbar enlargements. 
B: Three segments of the spinal cord showing the coverings of dura mater, arachnoid 
mater, and pia mater. 



surface of the coccyx. The cord possesses a deep lon
gitudinal fissure called the anterior median fissure 
ln the mtdllne anteriorly and a shallow furrow called 
the poaterlor median aulcua on the posterior surface 
{Flg. 4-58). 

Along the entire length of the spinal cord, 31 pairs 
of spinal nerves are attached by the anterior or motor 
roocs and the polterlor or ICDIOry roots {Fig. 4-SB). 
Each root is attached to the cord by a series of rootlets, 
which extend the whole length of the corresponding 

Pcstencr~
graycolumn 
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segment of the cord. Each posterior nerve root pos
sesses a posterior root ganglion, the cells of which glve 
rise to peripheral and central nerve fibers. 

Spinal Cord Structure 
The spinal cord is composed of an inner core of gray 
matter, which is surrounded by an outer covering of 
white matter {Fig. 4-6); there is no indication that the 
cord is segmented. 
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Figure 4-6 Transverse sections of the spinal cord at different levels showing the arTangement of 
the gray matter and white matter. 
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Table4-1 Comparison of Structural Details in Different Regions of the Spinal Cord• 

Gray Matter 

Region I Shape I White Matter Anterior Gray Column Posterior Gray Column Lateral Gray Column . ; Fasciculus cuneatus Medial group of cells Substantia gelatinosa 
present, continuous 
with Sp.N. of cranial 
nerve V at level C2; 
nucleus proprius 
present; nucleus 
dorsalis {Clarke 
column) absent 

' . . 
and fasciculus for neck muscles; 
gracilis present central group of cells 

for accessory nucleus 

l 
{C1-C5} and phrenic 
nucleus {C3-CS); 
lateral group of cells 

-1 _J_~r upper limb muscles 

Thoracic Round Fasciculus cuneatus Medial group of cells for Substantia gelatinosa, 
nucleus proprius, 
and visceral afferent 
nucleus present. 

Present; gives rise 
to preganglionic 
sympathetic fibers 

(T1-T6} and trunk muscles 
fasciculus gracilis 
present 

Lumbar Round to Fasciculus cuneatus 
oval absent; fasc:iculus 

gracilis present 

I Medial group of cells for 
lower limb muscles; 
central group of cells 
for lumbosacral nerve 

Substantia gelatinosa, 
nucleus proprius, 
nucleus dorsalis (Clarke 
column) at L14.4, 

Present (L1-L2 
(JD; gives rise to 
preganglionic 
sympathetic fibers 

-I ,_____ _ _,___ 

Sacral Round ~II amount; I s~:sciculus cuneatus 
absent; fasciculus 
gracilis present 

Medial group of cells 
for lower limb and 
perinea! muscles 

and visceral afferen~ 
nucleus present 

Substantia gelatinosa Absent; group of cells 
and nudeus proprius present at S2-S4, 
present for parasympathetic 

outflow 

'"The lnfonnat!on In 1tlla table la useful for Identifying the apecfflc level of the splnal cord from which a section has been taken. 

For a comparison of the structural details in different 
regions of the spinal cord, see Table 4-1. 

Gray Matter 

On cross section, the gray matter ls seen as an H-shaped 
pillar with anterior and polterlor gray colUIDD.8, or 
hoJ'D8, united by a thin gray comml""!'e containing 
the small central c:anal. A small lateral giay colmDD 
or horn is present in the thoracic and upper lumbar 
segments of the cord. The amount of gray matter pres
ent at any given level of the spinal cord is related to 
the amount of muscle Innervated at that level. Thus, 
its size is greatest within the cervical and lumbosacral 
enlargements of the cord, which innervate the muscles 
of the upper and lower limbs, respectively (Figs. 4-7 to 
4-10; also see Fig. 4-6). 

Structure 
As ln other CNS regions, spinal cord gray matter con
sists of a mixture of nerve cells and their processes, 
neW'Oglia, and blood vessels. The nerve cells are muJ.. 
tipolar, and the neuroglia forms an intricate network 
around the nerve cell bodies and their neurites. 

ANTERIOR GRAY COLUMN NERVE CELL GROUPS 
Most nerve cells are large and multlpolar, and their 
axons pass out In the anterior roots of the spinal nerves 

as a efferenlB, which Innervate skeletal muscles. The 
smaller nerve cells are also multlpolar, and the axons of 
many of these pass out In the anterior roots of the spi· 
nal nerves as r efferenta. which innervate the lntrafusal 
muscle fibers of neuromuscular spindles. 

For practical purposes, the nerve cells of the ante
rior gray column can be divided into three basic groups 
or columns: medial, central, and lateral (Fig. 4-6). 

The medial group is present in most segments of 
the spinal cord and is responsible for innervating the 
skeletal muscles of the neck and trunk, including the 
intercostal and abdominal musculature. 

The central group Is the smallest and Is present 
in some cervical and lumbosacral segments. In the 
cervical part of the cord, some of these nerve cells 
(segments C3-C5) specifically Innervate the diaphragm 
and are collectively referred to as the phrenic nucleus 
(Fig. 4-7). In the upper five or six cervical segments, 
some of the nerve cells innervate the stemocleidomas
toid and trapezius muscles and are referred to as the 
ac:ceaeory nu.deu. The axons of these cells form the 
spinal part of the accessory nerve. The lumboeacral 
nucleus present in the second lumbar down to the first 
sacral segment of the cord is made up of nerve cells 
whose axons have an unlmown distribution. 

The lateral group ls present in the cervical and lum
bosacral segments of the cord and Is responsible for 
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Figure 4-7 Transverse section of the spinal cord at the level of the fifth cervical segment. (Weigert 
stain.) 

Innervating the skeletal muscles of the lbnbs {Ftgs. 4-6, 
4-7, 4-9, and 4-10). 

POSTERIOR GRAY COLUMN NERVE CEU. GROUPS 
Two of the four nerve cell groups of the posterior gray 
column extend throughout the length of the cord; the 
other two are restricted to the thoracic and lumbar 
segments. 

The subltanlfa gelallnoea group is situated at the 
apex of the posterior gray column throughout the 
length of the spinal cord (Figs. 4-6 to 4-10). It is largely 

Posterior gray horn • ........., 

Lateral gray ham~ 

Anterior gray horn 

composed of Golgi type Il neurons and receives afferent 
fibers concerned with pain, temperature, and touch 
from the posterior root. Furthermore, lt receives Input 
from descending fibers from supraspinal levels. Pain 
and temperatW"e inputs are thought to be modifled by 
excitatory or inhibitory information from other sensory 
inputs and by information from the cerebral cortex. 

The nucleus proprlu is a group of large nerve cells 
situated anterior to the substantia gelatinosa through
out the spinal cord {Figs. 4-6 to 4-10). This nucleus con
stitutes the main bulk of cells present in the posterior 
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___ Nucleus dorsalis 

~;--....._ 

~ Preganglionic 
sympathetic outflow 

~ Mo!Dr neurons 
for trunk muscles 

Figure 4-8 Transverse section of the spinal cord at the level of the second thoracic 
segment. (Weigert stain.) 
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lower limb muscles 
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Figure 4-9 Transverse section of the spinal cord at the level of the fourth lumbar segment. (Weigert 
stain.) 

gray column and receives fibers from the posterior 
white colwnn that are associated with the senses of 
position and movement (proprioception). two-point 
discrimination, and vibration. 

The nucleus donallB (Clarke column) Is a group of 
nerve cells situated at the base of the posterior gray 
colunm and extending from the eighth cervical segment 

Posterior root 

Nucleus proprius-.__ 

Anterior gray oolumn 

caudally to the third or fourth lumbar segment (Figs. 4-6 
to 4-9). Most of the cells are comparatively large and are 
associated with proprioceptive endings (neuromuscu
lar spindles and tendon spindles). 

The visceral afferent nucleus ls a group of 
nerve cells of medium size situated lateral to the 
nucleus dorsalis; lt extends from the first thoracic to 
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Mater neurons 
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Figure 4-10 Transverse section of the spinal cord at the level of the second sacral segment. 
(Weigert stain.) 



the third lumbar segment of the spinal cord. It is beli
eved to be associated with receiving visceral afferent 
Information. 

LATERAL GRAY COLUMN NERVE CELL GROUPS 
The lntermediolateral group of cells form the small 
lateral gray column, which extends from the first tho
racic to the second or third lumbar segment of the 
spinal cord (Figs. 4-6 and 4-8). The cells are relatively 
small and give rise to preganglionic sympathetic 
fibers. 

A similar group of cells found in the second, third, 
and fourth sacral segments of the spinal cord give 
rise to preganglionic parasympathetic fibers {Figs. 4-6 
and 4-10). 

GRAY COMMISSURE AND CENTRAL CANAL 
In transverse sections of the spinal cord, the anterior 
and posterior gray columns on each side are connected 
by a transverse gray commlleure; the gray matter 
resembles the letter H (Figs. 4-6 to 4-10). The central 
canal is situated In the center of the gray commis
sure. The part of the gray commlssure that is situated 
posterior to the central canal is the posterior gray 
collllDlaure; the anterior part is the anterior gray 
collllDlaure. 

The central canal is present throughout the spinal 
cord. Superiorly, it is continuous with the central canal 
of the caudal half of the medulla oblongata; above this, 
it opens into the cavity of the fourth ventricle. Inferiorly 
ln the conus medullarts, it expands Into the fusiform 
termlnal ventricle and terminates below within the 
root of the ftlum terminale. It Is filled with CSF and Is 
lined with ciliated columnar epithelium, the ependyma. 

l.a!8ral corticospinal 1ract _ 

~" .~ 

• --------------_,_,.--
Rubrospina11ract ,. 
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Thus, the central canal Is closed inferiorly and opens 
superiorly Into the fourth ventricle. 

Whtte Matter 
The white matter, for purposes of description, may 
be divided Into anterior, lateral, and poeterlor white 
columns or funlcull (Figs. 4-S to 4-10). The anterior 
column on each side lies between the midline and the 
point of emergence of the anterior nerve roots; the lat
eral column Iles between the emergence of the anterior 
nerve roots and the entry of the posterior nerve roots; 
the posterior column lies between the entry of the 
posterior nerve roots and the mldllne. 

Stracture 
As in other CNS regions, the spinal cord white matter 
consists of a mixture of nerve fibers, neuroglla, and 
blood vessels. It surrounds the gray matter, and its 
white color is due to the high proportion of myellnated 
nerve fibers. 

NERVE FIBER TRACT ARRANGEMENT 
The arrangement of the nerve fiber tracts within the 
spinal cord has been deduced as the result of animal 
experimentation and study of the human spinal cord 
for degenerative nerve fibers resulting from injury or 
disease. Although some nerve tracts are concentrated 
in certain areas of the white matter, considerable over
lap Is present. For purposes of description, the spinal 
tracts are dlvtded Into ascending, descending, and 
intersegmental tracts, and their relative positions in the 
white matter are described below. A slmpllfled diagram, 
showing the general arrangement of the major tracts, is 
shown in Figure 4-11. 
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Figure 4-11 Transverse section of the spinal cord at the midcervical level showing the general 
arrangement of the ascending tracts on the right and the descending tracts on the left. 
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ASCENDING TRACTS 
On entering the spinal cord, the sensory nerve fibers of 
different sizes and functions are sorted out and segre
gated into nerve bundles or lract8 in the white matter 
(Fig. 4-12; also see Fig. 4-11). Some of the nerve fibers 
serve to link different segments of the spinal cord, while 
others ascend from the spinal cord to higher centers 
and thus connect the spinal cord with the brain. These 
bundles of the ascending fibers are referred to as the 
ucendlng tracts. 

The ascending tracts conduct two types of affer
ent Information, which may or may not reach con
sciousness. Exterocepd.ve Information originates from 

Cerebral cortex 

Sensory ending 

\ 

~~ 
-........_( 1 

Figure 4-12 Simplest form of the ascending sensory 
pathway from the sensory nerve ending to the cerebral 
cortex. Note the 1hree neurons involved. 

outside the body, such as pain, temperature, and touch. 
Proprlocepd.ve information originates from Inside the 
body, for example, from muscles and joints. 

Anatomical Organization 
General Information from the peripheral sensory end
ings Is conducted through the nervous system by a 
series of neurons. In Its simplest form, the ascending 
pathway to consciousness consists of three neurons 
{Fig. 4-12). The first neuron, the flnt-order neuron, has 
its cell body in the posterior root ganglion of the spinal 
nerve. A peripheral process connects with a sensory 
receptor ending, whereas a central process enters the 
spinal cord through the posterior root to synapse on 
the second-order neuron. The second-order neuron 
gives rise to an axon that decussates (crosses to the 
opposite side) and ascends to a higher level of the 
CNS, where it synapses with the third-order neuron. 
The third-order neuron is usually In the thalamus and 
gives rise to a projection fiber that passes to a sensory 
region of the cerebral cortex. This three-neuron chaJn 
Is the most common arrangement, but some afferent 
pathways use more or fewer neurons. Many of the 
neurons in the ascending pathways branch and give a 
major input into the reticular formation, which, in tum, 
activates the cerebral cortex, maintaining wakefulness. 
Other branches pass to motor neurons and participate 
in reflex muscular activity. 

Functions 
Painful and thermal sensations ascend in the lateral 
spinothalamic tract; light {crude) touch and pressure 
ascend in the anterior spinothalamic tract (Fig. 4-13). 
Discriminative touch-that is, the ability to localize 
accurately the area of the body touched and also to 
be aware that two points are touched simultaneously, 
even though they are close together (two-point dls
crlmlnation)-ascends In the posterior white columns. 
Also ascending in the posterior white columns Is Infor
mation from muscles and Joints pertaJnlng to move
ment and position of different parts of the body. In 
addition, vibratory sensations ascend in the posterior 
white column. Unconscious information from muscles, 
joints, the skin, and subcutaneous tissue reaches the 
cerebellum by way of the anterior and posterior spi
nocerebellar tracts and by the cuneocerebellar tract. 
Pain, thermal, and tactile information are passed to 
the superior colliculus of the midbrain through the spi
notectal tract for the purpose of spinovlsual reflexes. 
The splnoretlcular tract provides a pathway from the 
muscles, joints, and skin to the reticular formation, 
while the spino-olivary tract provides an Indirect 
pathway for further afferent information to reach the 
cerebellum. 

Patn and Temperatuna Pathways 
The pain and thermal receptors in the skin and other 
tissues are free nerve endings. The paJn impulses 
are transmitted to the spinal cord In fast-conducting 
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Figure 4-13 Transverse section of the spinal cord showing the origin of the main ascending sensory 
tracts. Note that the sensations of pain and temperature ascend in the lateral spinothalamic: tract, and 
light touch and pressure ascend in the anterior spinothalamic: tract. 

8 A-type fibers and slow-conducting C-type fibers. 
The fast-conducting fibers alert the Individual to 
Initial sharp pain, and the slow-conducting fibers are 
responsible for prolonged burning, aching pain. The 

sensations of heat and cold also travel by 8 A and C 
fibers. 

The main somatosensory pathways are summarized 
in Table 4-2. 

Table4-2 Main Somatosensory Pathways to Consciousness• 

Sens.tion . Re~ptor Neuron Neuron , Neuron 

Pain and Free nerve Posterior Substantia Ventral Lateral Posterior 
temperature endings root gelatinosa posterolateral spinothalamic, central 

ganglion nucleus of spinal gyrus 
thalamus lemniscus 

Light touch and Free nerve I Posterior I Substantia Ventral I Anterior Posterior 
pn:tssure endings root I ..... " ... _ posterolateral spinothalamic, central 

I ganglion nucleus of spinal gyrus 
thalamus lemniscus 

Disaiminative Meissner Posterior I Nuclei Ventral Fasciculi gracilis Posterior 
touch, vibratory corpuscles, root gracilis and posterolateral and cuneatus, central 
sense, conscious pacinian ganglion cuneatus nucleus of medial gyrus 
muscle joint corpuscles, thalamus lemniscus 
sense muscle spindles, 

tendon organs 

•Note th1.t 1.ll ascending p1,thways send br1.nc:hes to 1he re1ic:uh1r ll~vllting system. 
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Figure 4-14 Pain and temperature pathways. 

Lateral Splnothalamic Tract 
Axons entering the spinal cord from the posterior root 
ganglion proceed to the tip of the posterior gray column 
and divide into ascending and descending branches 
(Fig. 4-14). These branches travel for a distance of 
one or two segments of the spinal cord and form the 
posterolateral tract of lluauer. These fibers of the 

frrst-order neuron terminate by synapsing with cells in 
the posterior gray column, including cells in the sub
stantia gelatinosa. Substance P, a peptide, is thought to 
be the neurotransmitter at these synapses. 

Axons of the second-order neurons now Cl'088 

obliquely to 1he opposite 91de In the anterlor gray 
and white commblures within one aplnal aegment of 



the cord, ascending in the contralateral white column 
as the lateral spinothalamic tract. The lateral spinotha
lamic tract lies medial to the anterior spinocerebel
lar tract. As the lateral spinothalamic tract ascends 
through the spinal cord, new fibers are added to the 
anteromedial aspect of the tract. Thus, in the upper 
cervical segments of the cord, the sacral fibers are 
lateral and the cervical segments are medial. The fibers 
carrying pain are situated slightly anterior to those con
ducting temperature. 

As the lateral spinothalamic tract ascends through 
the medulla oblongata, it lies near the lateral surface 
and between the inferior olivary nucleus and the 
nucleus of the spinal tract of the trigeminal nerve. It is 
now accompanied by the anterior spinothalamic tract 
and the spinotectal tract; together they form the spinal 
lemnbicus. 

The spinal lemniscus continues to ascend through 
the posterior part of the pons. In the midbrain, it lies 
in the tegmentum lateral to the medial Iemniscus. Many 
of the fibers of the lateral spinothalamlc tract end by 
synapsing with the third-order neuron in the ventral 
posterolateral nucleus of the thalamus. Crude pain and 
temperature sensations are probably appreciated and 
emotional reactions initiated here. 

Axons of the third-order neurons in the ventral pos
terolateral nucleus of the thalamus now pass through 
the posterior limb of the internal capsule and the 
corona radiata to reach the somesthetic area in the 
postcentral gyrus of the cerebral cortex. The contra
lateral half of the body is represented as inverted, with 
the hand and mouth situated inferiorly and the leg 
situated superiorly, and with the foot and anogenital 
region on the medial surface of the hemisphere. (For 
details, see Chapter 7.) From here, the information ls 
transmitted to other regions of the cerebral cortex to 
be used by motor areas and the parietal association 
area. The role of the cerebral cortex is interpreting 
the quality of the sensory information at the level of 
consciousness. 

Pain Reception 

The perception of pain is a complex phenomenon that 
is influenced by the emotional state and past experi
ences of the individual. Pain is a sensation that warns 
of potential injury and alerts the person to avoid or 
treat It. 

Pain can be divided into two main types: fast pain 
and Blow pain. Fast pain ls experienced within about 
0.1 second after the pain stimulus is applied; slow pain 
is felt 1.0 second or later after the stimulation. Fast pain 
is described by the patient as sharp pain, acute pain, or 
pricking pain and is the type of pain felt after pricking 
the finger with a needle. Fast pain is almost confined to 
the skin. 

Slow pain is described as burning pain, aching pain, 
and throbbing pain and is produced on tissue destruc
tion, as for example, in the development of an abscess 
or in severe arthritis. Slow pain can occur in any tissue 
of the body. 
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All types of pain reception take place in free nerve 
endings. Fast pain is experienced by mechanical or 
thermal types of stimuli, and slow pain may be elicited 
by mechanical, thermal, and chemical stimuli. 

Many chemical substances have been found In 
extracts from damaged tiasue that will excite free 
nerve endings. These include 1erotonin; histamine; 
bradykinin; acids, such as lactic acid; and K+ ions. The 
threshold for pain endings can be lowered by prosta
glandins and substance P, but they cannot stimulate the 
endings directly by themselves. 

The individual should be aware of the existence 
of stimuli that, if allowed to persist, will cause tissue 
destruction; pain receptors have little or no adaptation. 

Pain Conduction to the Central Nervous System 
Fast pain travels in peripheral nerves in large diameter 
A 5 axons at velocities between 6 and 30 msec. Slow 
pain travels in the small-diameter C fibers at veloci
ties between 0.5 and 2.0 msec. The fast pain impulses 
reach consciousness first to alert the individual to 
danger so that a suitable protective response may 
take place. Slow pain is appreciated later and lasts 
much longer. 

Pain Conduction in the Central Nervous System 
Afferent pain fibers enter the spinal cord, for example, 
in the posterior roots of a spinal nerve and terminate 
predominantly in the superficial layers of the poste
rior gray horn. The main excitatory neurotransmitter 
released by A 5 fibers and C fibers is the amino acid 
glutamate. Substance P, a neuropeptide, is also released 
from C fibers. Whereas glutamate is a fast-acting local
ized neurotransmitter, substance P has a slow release 
and diffuses widely in the posterior horn and can influ
ence many neurons. 

The initial sharp, pricking, fast-acting pain fibers 
stimulate the second-order neurons of the lateral spi
nothalamic tract. The axons immediately cross to the 
opposite side of the spinal cord and ascend to the thal
amus where they are relayed to the sensory postcentral 
gyros. The burning, aching, slow-acting pain fibers also 
stimulate the second-order neurons of the lateral spinal 
thalamic tract in the posterior gray horn and ascend 
with the axons of the fast-acting pain fibers. However, 
most of the incoming slow fibers to the spinal cord prob
ably take part in additional relays involving several neu
rons in the posterior horn before ascending In the spinal 
cord. The repeated arrival of noxious stimuli through C 
fibers in the posterior gray horn during severe injury 
results in an increased response of the second-order 
neurons. This winding up phenomenon is attributed 
to the release of the neurotransmitter glutamate from 
C fibers. 

The fast type of pain ls precisely localized. For 
example, if someone hits a thumb with a hammer, 
where the injury has occurred is clear. The slow type 
of pain is only poorly localized. For example, in a 
patient with osteoarthritis of the hip joint, the individ
ual can only vaguely localize the pain to the hip area 
and not to the specific site of the disease. This may 
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be explained by the fact that fast pain fibers directly 
ascend the spinal cord in the lateral spinothalamic 
tract, whereas the slow pain fibers take part in multi
ple relays in the posterior gray horn before ascending 
to higher centers. 

Other Terminations of the Lateral Spinothalamic Tract 
As is now generally agreed, fast pain impulses travel 
directly up to the ventral posterolateral nucleus of 
the thalamus and are then relayed to the cerebral 
cortex. 

The majority of the slow pain fibers in the lat
eral spinothalamic tract terminate in the reticular 
formation, which then activates the entire nervous 
system. In the lower areas of the brain, the individual 
becomes aware of the chronic, nauseous, suffering 
type of pain. 

As the result of research using the positron emis
sion tomography scan, the postcentral gyrus, the 
cingulate gyrus of the limbic system, and the insular 
gyrus are sites concerned with the reception and 
interpretation of nociceptor information. The post
central gyrus is responsible for the interpretation of 
pain in relation to past experiences. The cingulate 
gyrus is involved with the interpretation of the emo
tional aspect of pain, whereas the insular gyrus is 
concerned with the interpretation of pain stimuli from 
the internal organs of the body and brings about an 
autonomic response. 

Reception of pain information by the CNS is modu
lated first in the posterior gray horns of the spinal cord 
and at other sites at higher levels. 

Pain Control In the Central Nervous System 
Massage and the application of liniments to painful 
areas in the body can relieve pain. The technique of 
acupuncture, which was discovered several thousand 
years ago in China, is also beneficial in relieving pain. 
Low-frequency electrical stimulation of the skin also 
relieves pain in certain cases. 

Gating Theory 
Although the precise mechanism for the phenomena 
described above is not understood, the gating theory 
suggested that, at the site where the pain fiber enters 
the CNS, inhibition could occur by means of connector 
neurons excited by large, myelinated afferent fibers 
carrying information of nonpainful touch and pressure. 
The excess tactile stimulation produced by massage, 
for example, "closed the gate" for pain. Once the non
painful tactile stimulation ceased, however, "the gate 
was opened," and information on the painful stimuli 
ascended the lateral spinothalamic tract. Although the 
gate theory may partially explain the phenomena, the 
analgesia system is probably Involved with the liber
ation of enkephalins and endorphins in the posterior 
gray columns. 

Analgesia System 
Stimulation of certain areas of the brainstem can 
reduce or block sensations of pain. These areas include 

the periventricular area of the diencephalon, the peri
aqueductal gray matter of the midbrain, and midline 
nuclei of the brainstem. Fibers of the reticulospinal 
tract are believed to pass down to the spinal cord and 
synapse on cells concerned with pain sensation in 
the posterior gray column. The analgesic system can 
suppress both sharp pricking pain and burning pain 
sensations. 

Recently, two compounds with morphinelike actions, 
enkephallm and endorphlm, have been isolated in the 
CNS. These compounds and serotonin serve as neu
rotransmitter substances In the analgesic system of the 
brain, and they may inhibit the release of substance P 
in the posterior gray column. 

Light (Crude) Touch and Pressure Pathways 
These pathways are summarized In Table 4-2. 

Anterior Spinothalamic Tract 
Axons enter the spinal cord from the posterior root 
ganglion and proceed to the tip of the posterior 
gray column, where they divide into ascending and 
descending branches (Fig. 4-15). These branches 
travel for a distance of one or two segments of the 
spinal cord, contributing to the posterolateral tract 
of Lissauer. These fibers of the first-order neuron 
are believed to terminate by synapsing with cells in 
the substantia gelatinosa group in the posterior gray 
column. 

Axons of the second-order neuron now cross very 
obliquely to the opposite side In the anterior gray and 
white commiMures within several spinal segments 
and ascend in the opposite anterolateral white column 
as the anterior spinothalamic tract. As the anterior spi
nothalamic tract ascends through the spinal cord, new 
fibers are added to the medial aspect of the tract. Thus, 
in the upper cervical segments of the cord, the sacral 
fibers are mostly lateral and the cervical segments are 
mostly medial. 

As the anterior spinothalamic tract ascends through 
the medulla oblongata, it accompanies the lateral spi
nothalamic tract and the spinotectal tract, all of which 
form the spinal lemnlscu. 

The spinal lemniscus continues to ascend through 
the posterior part of the pons, and the tegmentum 
of the midbrain and the fibers of the anterior spinotha
lamic tract terminate by synapsing with the third-order 
neuron in the ventral posterolateral nucleus of the 
thalamus. Crude awareness of touch and pressure is 
believed to be appreciated here. 

Axons of the third-order neurons in the ventral pos
terolateral nucleus of the thalamus pass through the 
posterior limb of the Internal capsule and the corona 
radlata to reach the somesthetic area in the postcentral 
gyrus of the cerebral cortex. The contralateral half of 
the body is represented inverted, with the hand and 
mouth situated Inferiorly, as described previously. (For 
details, see Chapter 7.) The conscious appreciation 
of touch and pressure depends on the activity of the 
cerebral cortex. The sensations can be only crudely 



Pons 

Upper 
part of 

medulla 
cblongata 

Lower 
part of 

medulla 
cblongata 

Thoracic 
part of 

spinal cord 

- Cerebral cortex 

Cerebral cortex 

~ 

~ 
Anterior spinolhalamic..-

trac:t in spinal lemniscus 

Anterior spinothalamic·----
tract in contralateral 
anterolateral white 
column of medulla 

Ascending Tracts 147 

V 
Pceterolateral 
tract of 

l Ussauer 

: \t Sensations of 
1 light touch 

and pressure 

Figure 4-15 Light touch and pressure pathways. 

localized, and very little discrimination of Intensity Is 
possible. 

Discriminative Touch, Vibratory Sense, and 
Conscious Muscle Joint Sense 
These pathways are summarized in Table 4-2. 

Posterior White Column: Pasclcola• Gracllt. 
and Pa6ciculos Cunmtwl 
Axons enter the spinal cord from the posterior root gan
glion and pass directly to the posterior white column 
of the same side (Fig. 4-16). Here, the fibers divide Into 
long ascending and short descending branches. The 
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Figure 4-16 DisCTiminative touch, vibratory sense, and conscious muscle joint sense pathways. 

descending branches pass down a variable number of 
segments, giving off collateral branches that synapse 
with cells in the posterior gray horn, with intemuncial 
neurons, and with anterior horn cells. These short 
descending fibers are clearly involved with lnterseg
mental reflexes. 

Long ascending fibers may also end by synapsing 
with cells in the posterior gray horn, with intemuncial 
neurons, and with anterior horn cells. This distribution 
may extend over numerous segments of the spinal cord. 
As in the case of the short descending fibers, they are 
involved with lntersegmental reflexes. 



Many of the long ascending fibers travel upward In 
the posterior white column as the faldculu ll'8Cllla 
and fuclculus cuneatu. The fasclculus gracilis ls 
present throughout the length of the spinal cord and 
contains the long ascending fibers from the sacral, lwn
bar, and lower six thoracic spinal nerves. The fasciculus 
cuneatus is situated laterally in the upper thoracic and 
cervical segments of the spinal cord and is separated 
from the fasciculus gracilis by a septum. The fasciculus 
cuneatus contains the long ascending fibers from the 
upper six thoracic and all the cervical spinal nerves. 

Fibers of the fasclculus gractlls and fasclculus cunea
tus ascend lpsllalerally and terminate by synapsing 
on the second-order neurons In the nuclei gradUa and 
cuneatua of the medulla oblongata. The axons of the sec
ond-order neurons, called the Internal an:uate flben, 
sweep anteromedially around the central gray matter 
and crcm the medlan plane, decussatlng with the cor
responding fibers of the opposite side in the 8elll0ry 
decuseatlon. The fibers then ascend as a single compact 
bundle, the medW lemnlscm, through the medulla 
oblongata. the pons, and the midbrain. The fibers ter
minate by synapsing on the third-order neurons in the 
ventral posterolateral nucleus of the thalamus. 

Axons of the third-order neuron leave and pass 
through the posterior limb of the Internal capmle and 
corona ndlata to reach the somesthetlc area In the 
postcentral gyros of the cerebral cortex. The contralat
eral half of the body ls represented inverted, with the 
hand and mouth situated Inferiorly, as described previ
ously. (For details, see Chapter 7.) In this manner, the 
Impressions of touch with fine gradations of intensity, 
exact localization, and two-point discrimination can be 
appreciated. Vibratory sense and the position of the dif
ferent parts of the body can be consciously recognized. 

Many fibers in the fasciculus cuneatus from the cer
vical and upper thoracic segments, having terminated 
on the second-order neuron of the nucleus cuneatus, 
are relayed and travel as the axons of the second-order 
neW'Ons to enter the cerebellum through the Inferior 
cerebellar peduncle of the same side. This pathway Is 
the cuneocerebellar tract. and the Obers are known 
as the poaterlor eDerna1 arcuale flben. The function 
of these fibers is to convey Information of muscle joint 
sense to the cerebellum. 

Mutd• Joint S•nH Pathways to th• C•reb.llum 
Muscle joint sense pathways to the cerebellum are 
summarized in Table 4-3. 
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Posterior Splnocere'bellar Tract 
Axons entering the spinal cord from the posterior root 
ganglion enter the posterior gray colwnn and terminate 
by synapsing on the second-order neurons at the base 
of the posterior gray column (Fig. 4-17). These neurons 
are known collectively as the nudeu dortalls (Clarke 
column). Axons of the second-order neurons enter 
the posterolateral part of the lateral white column on 
the same aide and ascend as the posterior spinocere
bellar tract to the medulla oblongata. Here, the tract 
Joins the Inferior cerebellar peduncle and terminates 
in the cerebellar cortex. Note that It does not ascend 
to the cerebral cortex. Because the nucleus dorsalls 
(Clarke column) extends only from the eighth cervical 
segment caudally to the third or fourth lumbar seg
ment, axons entering the spinal cord from the posterior 
roots of the lower lumbar and sacral segments ascend 
in the posterior white column until they reach the 
third or fourth lumbar segment, where they enter the 
nucleus dorsalis. 

The posterior spinocerebellar fibers receive muscle 
joint information from the muscle spindles, tendon 
organs, and joint receptors of the trunk and lower 
limbs. This Information concerning tension of muscle 
tendons and the movements of muscles and Joints Is 
used by the cerebellum In the coordination of limb 
movements and the maintenance of posture. 

Anterior Splnocere'beUar Troct 
Axons entering the spinal cord from the posterior 
root ganglion terminate by synapsing with the second
order neurons in the nucleus donalls at the base of 
the posterior gray column (Fig. 4-17). Most axons of 
the second-order neurons c:rou to the opposite side 
and ascend as the anterior spinocerebellar tract in 
the contralateral white column; a minority ascend as 
the anterior spinocerebellar tract in the lateral white 
column of the Miile aide. The fibers, having ascended 
through the medulla oblongata and pons, enter the 
cerebellum through the superior cerebellar peduncle 
and terminate In the cerebellar cortex. Those fibers 
that crossed over to the opposite side in the spinal 
cord are believed to Cl"09 back within the cerebellum. 
The anterior splnocerebellar tract conveys muscle 
joint information from the muscle spindles, tendon 
organs, and joint receptors of the trunk and the upper 
and lower limbs. It is also believed that the cerebellum 
receives information from the skin and superficial 
fascia by this tract. 

Muscle Joint Sense Pathways to the Cerebellum 
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Figure 4-17 Unconscious muscle joint sense pathways to the cerebellum. 

Caneocerebellar tract 
These fibers are described on page 142. They origi
nate in the nucleus cuneatus and enter the cerebel
lum through the inferior cerebellar peduncle of the 
same side (Fig. 4-16). They are !mown as the poate
rlor external arcuate flben, and their function is 
to convey Information of muscle joint sense to the 
cerebellum. 

Other Ascending Pathways 
The splnotectal, splnoretlcular, and spino-oUvary tracts 
are shown In Figure 4-18. 

Splnotectal Tract 
.Axons enter the spinal cord from the posterior root 
ganglion and travel to the gray matter where they 
synapse on unknown second-order neurons. Axons 
of the second-order neurons Cl'OIS the median plane 

and ascend as the spinotectal tract in the anterolateral 
white column lying close to the lateral splnothalamic 
tract. After passing through the medulla oblongata and 
pons, they terminate by synapsing with neurons in the 
superior colliculus of the midbrain. This pathway pr~ 
vides afferent information for spinovisual reflexes and 
brings about movements of the eyes and head toward 
the source of the stimulation. 

Splaoretkular Tract 
Axons enter the spinal cord from the posterior root 
ganglion and terminate on unknown second-order neu
rons in the gray matter. Axons from these second-order 
neurons ascend the spinal cord as the spinoreticular 
tract in the lateral white column mixed with the lateral 
spinothalamic tract. Most of the fibers are nncroaed 
and terminate by synapsing with nelll'Ons of the retic
ular formation in the medulla oblongata, pons, and 
mtdbraln. The spinorettcular tract provides an afferent 
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Figure 4-18 Spinotectal, spinoreticular, and spino-olivary tracts. 

pathway for the reticular formation, which plays an 
important role in influencing levels of consciousness. 
(For details, see p. 204.) 

Splno-olloary Tract 
Axons enter the spinal cord from the posterior root 
ganglion and terminate on unknown second-order 
neurons in the posterior gray column. Axons from the 
second-order neurons croa the mldllne and ascend 
as the spino-olivary tract in the white matter at the 
junction of the anterior and lateral columns. The 
axons end by synapsing on third-order neurons In 
the Inferior ollvary nuclei In the medulla oblongata. 
Axons of the third-order neurons cross the mldllne and 

enter the cerebellum through the Inferior cerebellar 
peduncle. The splno-ollvary tract conveys information 
to the cerebellum from cutaneous and proprioceptive 
organs. 

Visceral Sensory Trac.t:s 
Sensations that arise in viscera located in the th~ 
rax and abdomen enter the spinal cord through the 
posterior roots. The cell bodies of the first-order 
neuron are situated in the posterior root ganglia. 
The peripheral processes of these cells receive nerve 
impulses from paJn and stretch receptor endings 
in the viscera. The causes of visceral pain Include 
ischemia, chemical damage, spasm of smooth muscle, 
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and distention. The central processes, having entered 
the spinal cord, synapse with second-<>rder neurons 
in the gray matter, probably in the posterior or lateral 
gray columns. 

Axons of the second-order neurons are believed to 
join the splnothalamlc tracts and ascend and terminate 
on third-order neurons in the ventral posterolateral 
nucleus of the thalamus. The final destination of these 
axons is probably in the postcentral gyrus of the cere
bral cortex. 

Many of the visceral afferent fibers that enter the 
spinal cord branch participate in reflex activity. 

Decussation of fibers _____ _ 

~ 
.,,...---- I 

___,.. I 

Second-order neuron (2Y...- : 

DESCENDING TRACTS 
Motor neurons situated ln the anterior gray columns of 
the spinal cord send axons to innervate skeletal muscle 
through the anterior roots of the spinal nerves. These 
motor neurons are referred to as the lower motor neu
ron.J and constitute the final common pathway to the 
muscles (Fig. 4-19). 

Lower motor neurons are constantly bombarded 
by nervous impulses that descend from the medulla, 
pons, midbrain, and cerebral cortex as well as those 
that enter along sensory fibers from the posterior 
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Rgure 4-19 Simple form of the descending motor pathway from the cerebral cortex to 
the skeletal muscle. Note the three neurons involved. 
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Table44 Main Descending Pathways to the Spinal Cord• 

Cortic:ospinal 
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1 

systems 

Cerebral cortex, 
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•Note that the corticospinal 1rac:ts are believed to control 1he prime mover mutcles (eapecielly the highly skilled movements}, 
where.es the other descenc:ling 1rac:ts are important in controlling the simple ba.sic: movements. For s;mplicity. 1he intem1,1nci•I 
neurons are omitted from 1hl4 table. 

roots. Nerve fibers that descend in the white matter 
from different supraspinal nerve centers are segre
gated into nerve bundles called the deac:encllng tracts. 
These supraspinal neurons and their tracts are referred 
to as the upper motor neurons, and they provide 
numerous separate pathways that can influence motor 
activity. 

A summary of the main descending pathways In the 
spinal cord Is shown ln Table 4-4. 

Anatomical Organization 
Control of skeletal muscle activity from the cere
bral cortex and other higher centers is conducted 
through the nervous system by a series of neurons 
(Fig. 4-19). The descending pathway from the cere
bral cortex ls often made up of three neurons. The 
first neuron, the ftnt-order neuron, has Its cell body 
ln the cerebral cortex. Its axon descends to synapse 

on the second-order neuron, an internuncial neuron, 
situated in the anterior gray column of the spinal 
cord. The axon of the second-order neuron is short 
and synapses with the third-order neuron, the lower 
motor neuron, in the anterior gray column. The axon 
of the third-order neuron innervates the skeletal 
muscle through the anterior root and spinal nerve. 
In some instances, the axon of the first-order neuron 
terminates directly on the third-order neuron {as in 
reflex arcs). 

Functions 
Cortfcoaplnal tram (Fig. 4-20) are the pathways con
cerned with voluntary, discrete, skilled movements, 
especially those of the distal parts of the limbs. Redc
ul09plnal trads may facllltate or lnhlblt the actlvtty 
of the a and r motor neurons in the anterior gray col
umns and may, therefore, facllitate or inhibit voluntary 
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FtguN 4-20 Transverse section of the spinal cord showing the termination of the descend
ing motor tracts. Note that the existence of the olivospinal tract as a separate pathway is now 
in considerably doubt. 

movement or reflex activity. The tectOlplnal tract is 
concerned with reflex postural movements In response 
to vtsual stimuli. Those fibers that are associated with 
the sympathetic neurons In the lateral gray column are 
concerned. with the puplllodllatlon reflex in response 
to darkness. The rubro1plnal tract acts on both the a 
and y motor neurons In the anterior gray columns and 
facilitates the activity of flexor muscles and inhibits 
the activity of extensor or antlgravity muscles. The 
vettlbuloeplnal tract. by acting on the motor neurons 
in the anterior gray columns. facilitates the activity of 
the extensor muscles, inhibits the activity of the flexor 
muscles, and is concerned with the postural activity 
associated with balance. The ollvoeplnal tract may 
play a role in muscular activity, but some doubt its exis
tence. The deacencllng autonomic flbem are concerned 
with the control of visceral activity. 

Corticospinal Tracts 
Fibers of the cortlcospinal tract arise as axons of pyra
midal cells situated. in the fifth layer of the cerebral 
cortex (Fig. 4-21). About a third of the fibers originate 
from the primary motor cortex (area 4). another third 
from the secondary motor cortex (area 6), and the final 
third from the parietal lobe (areas 3, 1, and 2); thus, two 
thirds of the fibers arise from the precentral gyrus, and 
one third of the fibers arise from the postcentral gyrus. 
These fibers do not control motor acttvtty but influence 
sensory Input to the nervous system. Because electrical 
stimulation of different parts of the precentral gyrus 
produces movements of different parts of the opposite 

side of the body, we can represent the parts of the body 
in this area of the cortex. Such a homunculus is shown 
in Figure 4-21. Note that the region controlling the face 
Is situated inferiorly, and the region controlling the 
lower limb Is situated superiorly and on the medial sur
face of the hemisphere. The homunculus ls a distorted 
picture of the body, with the various parts having a size 
proportional to the area of the cerebral cortex devoted 
to their control. Interestingly, most cortlcosplnal fibers 
are myelinated and are relatively slow-conducting, 
small fibers. 

The descending fibers converge in the corona radl
ata and then pass through the posterior limb of the 
internal capsule. Here, the fibers are organized so that 
those closest to the genu are concerned with cervical 
portions of the body. while those situated more poste
riorly are concerned with the lower extremity. The tract 
then continues through the middle three fifths of the 
balls peduncull of the mldbraln. Here, the fibers con
cerned with cervical portions of the body are situated 
medially, while those concerned with the leg are placed 
laterally. 

On entering the pons, the tract is broken into many 
bundles by the transvene pontocerebellar fibers 
(see Figs. 5-19 to 5-22). In the medulla oblongata. the 
bundles become grouped together along the anterior 
border to form a swelling known as the pyramid 
(hence the alternative name, pyramldel tract) {see 
Figs. 5-11 and 5-12). At the junction of the medulla 
oblongata and the spinal cord, most of the fibers 
CJ'088 the mtdllne at the dec:uuatton of the pyramids 
(Fig. 4-21) and enter the lateral white column of the 
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Figure 4-21 Corticospinal tracts. 

spinal cord to form the lateral cortfcosplnal tract 
(Fig. 4-20). The remaining fibers do not cross in the 
decussation but descend in the anterior white column 
of the spinal cord as the anterior cordcosplnal tract 
(Figs. 4-20 and 4-21). These fibers eventually cross the 
midllne and terminate In the anterior gray column of 
the spinal cord segments in the cervical and upper 
thoracic regions. 

The lateral corticospinal tract descends the length of 
the spinal cord; its fibers terminate in the anterior gray 
column of all the spinal cord segments. 

Most corticospinal fibers synapse with internun
cial neurons, which, in tum, synapse with a motor 
neurons and some "I motor neurons. Only the largest 
corticospinal fibers synapse directly with the motor 
neurons. 
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The cortlcospinal tracts are not the sole pathway 
for serving voluntary movement. Rather, they form 
the pathway that confers speed and agillty to volun
tary movements and ls thus used in performing rapid 
skilled movements. Many of the simple, basic volun
tary movements are mediated by other descending 
tracts. 

Branches 
1. Branches are given off early In their descent and 

return to the cerebral cortex to inhibit activity in 
adjacent regions of the cortex. 

2. Branches pass to the caudate and lentiform nuclei, 
the red nuclei, and the olivary nuclei and the reticu
lar formation. These branches keep the subcortical 

Thalamu 

Red nucleus-~ --

Medulla oblongata--~ 

regions Informed about the cortical motor activity. 
Once alerted, the subcortlcal regions may react 
and send their own nervous impulses to the a and 
y motor neurons by other descending pathways. 

Reticulospinal T racts 
Throughout the midbraln, pons, and medulla oblon
gata, groups of scattered. nerve cells and nerve fibers 
exist that are collectively known as the reUcular forma
tion. From the pons, these neurons send axons, which 
are mostly uncroued, down into the spinal cord and 
form the pontine retlcol09plnal tract (Fig. 4-22). From 
the medulla. similar neurons send axons, which are 
crossed and uncrossed, to the spinal cord and form the 
medullary reticulosplnal tract. 

,.,.,, Cerebral cortex 

/ 

:--.....,.;----Deep cerebellar 
nuclei 

~ 
Cerebellum 

2 f\ . _.,r Lower motor 
'\_.,... neuron 

Figure 4-22 Reticulospinal tracts. 



Retlculosplnal fibers from the pons descend through 
the anterior white column, while those from the medulla 
oblongata descend 1n the lateral white column. Both 
sets of fibers enter the anterior gray columns of the 
spinal cord and may facllitate or Inhibit a and y motor 
neuron activity. By these means, the retlculosplnal 
tracts influence voluntary movements and reflex activ
ity. The reticulospinal fibers are also now thought to 
include the descending autonomic fibers. The reticu
lospinal tracts thus provide a pathway by which the 
hypothalamus can control the sympathetic outflow and 
the sacral parasympathetic outflow. 

Tectospinal Tract 
Fibers of this tract arise from nerve cells In the 
1Uperlor colllculus of the midbrain {Fig. 4-23). Most 

Eye 
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of the fibers crou the midline soon after their ori
gin and descend through the bralnstem close to 
the medial longitudinal fasclculus. The tectosplnal 
tract descends through the anterior white column of 
the spinal cord close to the anterior median fissure 
(Fig. 4-20). The majority of the fibers terminate In the 
anterior gray column In the upper cervical segments 
of the spinal cord by synapsing with lnternunclal 
neurons. These fibers are believed to be concerned 
with reflex postural movements in response to visual 
stimuli. 

Rubrospinal Tract 
The red nucleus is situated ln the tegmentum of 
the midbraln at the level of the superior colliculus 
(Fig. 4-24). The axons of neurons in this nucleus cross 

___ Tectospinal tract in anterior 
whit& column of spinal cord 

tfl: / Lower motor 
~ neuron 

Figure 4-23 Tectospinal tract. 
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the midline at the level of the nucleus and descend as 
the rubrospinal tract through the pons and medulla 
oblongata to enter the lateral white column of the spi
nal cord (Fig. 420). The fibers terminate by synapsing 
with lntemunclal neurons ln the anterior gray column 
of the cord. 

Neurons of the red nucleus receive afferent Impulses 
through connections with the cerebral cortex and the 
cerebellum. This ls believed to be an Important Indi
rect pathway by which the cerebral cortex and the 
cerebellum can influence a. and r motor neuron activity. 
The tract facilitates the activity of the flex.or muscles 
and inhibits the activity of the extensor or antigravity 
muscles. 

Vestibulospinal Tract 
Vettlbolar nuclei are situated. in the pons and medulla 
oblongata beneath the floor of the fourth ventricle 
(Fig. 425). The vestibular nuclei receive afferent fibers 
from the Inner ear through the vestibular nerve and 
from the cerebellum. Neurons of the lateral vestib
ular nucleus give rise to the axons that form the 
vestlbulosplnal tract. The tract descends uncroaed. 
through the medulla and through the length of the 
spinal cord in the anterior white column (Fig. 420). 
The fibers terminate by synapsing with lntemunclal 
neurons of the anterior gray column of the spinal 
cord. 
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Figure 4-25 Vestibulospinal tract. 

The inner ear and the cerebellum, by means of this 
tract, facilitate the activity of the extensor muscles and 
inhibit the activity of the flexor muscles in association 
with the maintenance of balance. 

Olivospinal Tract 
The ollvosplnal tract was thought to arise from the 
inferior ollvary nucleus and to descend in the lateral 
white column of the spinal cord (Fig. 4-26), to influence 
the activity of the motor neurons in the anterior gray 
column. Many now doubt that it exists. 

Descending Autonomic Fibers 
The higher centers of the CNS associated with the 
control of autonomlc activity are situated In the cere
bral cortex, hypothalamus, amygdalold complex, and 
reticular formation. Although distinct tracts have not 
been recognized, investigation of spinal cord lesions 
has demonstrated that descending autonomic tracts 
do exist and probably form part of the reticulospinal 
tract. 

The fibers arise from neurons in the higher cen
ters and cross the midline in the brainstem. They are 
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Figure 4-26 Olivospinal tract. The existence of this tract as a separate pathway is doubtful. 

believed to descend in the lateral white column of the 
spinal cord and to terminate by synapsing on the auto
nomic motor cells in the lateral gray columns in the 
thoracic and upper lumbar (sympathetic outflow) and 
midsacral (parasympathetic) levels of the spinal cord. 

INTERSEGMENTAL TRACTS 
Short ascending and descending tracts that originate 
and end within the spinal cord exist In the anterior, 
lateral, and posterior white colunms. The function 
of these pathways ls to interconnect the neurons of 
different segmental levels, and the pathways are partic
ularly important in lntersegmental spinal reflexes. 

Reflex Arc 
A reflex may be defined as an Involuntary response 
to a stimulus. It depends on the Integrity of the reflex 
arc (Fig. 4-27). ln its simplest form, a reflex arc consists 
of the following anatomical structures: (1) a receptor 
organ, (2) an afferent neuron, (3) an effector neuron, 
and ( 4) an effector organ. A reflex arc involving only 
one synapse is referred to as a monosynapdc reflex 
arc. Interruption of the reflex arc at any point along its 
course would abolish the response. 

In the spinal cord, reflex arcs play an important role 
in maintaining muscle tone, which is the basis for body 
posture. The receptor organ is situated In the skin, mus
cle, or tendon. The cell body of the afferent neuron ls 
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Figure '-27 A: A monosynaptic reflex arc. B: Multiple neurons synapsing with the 
lower motor neuron. Note the presence of the Renshaw feedback neuron. 

located in the posterior root ganglion, and the central 
axon of this first-order neuron terminates by synapsing 
on the effector neuron. Since the afferent fibers are of 
large diameter and are rapidly conducting and because 
of the presence of only one synapse, a very quick 
response Is possible. 

Physiologic study of the electrical activity of the 
effector neuron shows that a prolonged asynchro
nous discharge follows the very quick monosynaptic 
discharge. The reason for this later discharge is that 
the afferent fibers entering the spinal cord frequently 
branch, and the branches synapse with many internun
cial neurons, which ultimately synapse with the effector 
neuron (Fig. 4-28). These additional neuronal circuits 
prolong the bombardment of the effector neurons after 
the Initial stimulation by the afferent neuron has ceased. 
The presence of intemunclal neurons also results in the 

spread of the afferent stimulus to neurons at different 
segmental levels of the spinal cord. 

The law of reciprocal lnnervadonls important to 
understand In considering reflex skeletal muscle activ
ity. Simply stated, It means that the flexor and extensor 
reflexes of the same limb cannot be made to contract 
simultaneously. For this law to work, the afferent nerve 
fibers responsible for flexor refiex muscle action must 
have branches that synapse with the extensor motor 
neurons of the same limb. causing them to be inhibited. 

Another interesting property of spinal reflexes is 
that the evocation of a reflex on one side of the body 
causes opposite effects on the limb of the other side of 
the body. This crowd es.temor reflex is demonstrated 
when afferent stlmulatlon of the reflex arc that causes 
the lpsllateral limb to flex results in the contralateral 
limb being extended. 
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that synapse with the effector neuron. B: Law of reciprocal 
innervation and the crossed extensor reflex. 

Influence of Higher Neuronal Centers on 
Spinal Reflex Activity 
The spinal segmental reftex arc involving motor activ
ity Is greatly Influenced by higher centers in the brain. 
These influences are mediated through the cortlco
splnal, retlculosplnal, tectospinal, rubrospinal, and 
vestibulospinal tracts. In the clinical condition known 
as spinal shock (see p. 167), which follows the sudden 
removal of these influences by spinal cord severance, 
the segmental spinal reflexes are depressed. When 
the spinal shock disappears in a few weeks, the seg
mental spinal reflexes return, and the muscle tone 
is increased. This dec:erebrate rigidity is due to the 
overactivity of the y efferent nerve fibers to the mus
cle spindles, which results from the release of these 
neurons from the higher centers. The next stage may 
be paraplegia In es.temlon. with domination of the 
increased tone of the extensor muscles over the fle.xor 

muscles. Some neurologists believe that this condition 
ls due to incomplete severance of all the descending 
tracts with persistence of the vestibulosplnal tract. 
Should all the descending tracts be severed, the condi
tion of paraplegia In fle:xlon occurs. In this condition, 
the reflex responses are ftexor in nature, and the tone 
of the extensor muscles is diminished. 

RENSHAW CELLS AND LOWER 
MOTOR NEURON INHIBITION 
Lower motor neuron axons give off collateral branches 
as they pass through the white matter to reach the 
anterior roots of the spinal nerve. These collaterals syn
apse on neurons described by Renshaw, which, in tum, 
synapse on the lower motor neurons (Fig. 4-27). These 
lnternuncial neurons are believed to provide feedback 
on the lower motor neurons, inhibiting their activity. 



General Anatomical Features of Clinical 
Importance 
The spinal cord may be described, for practical purposes, 
as consisting of columns of motor and sensory nerve cells 
(gray matter) surrounded by ascending and descending 
tracts (white matter). lt lies within the vertebral canal and 
Is protected by three surrounding fibrous membranes, the 
meninges. It ls cushioned against trauma by cerebrospinal 
fluid (CSF) and Is held In position by the denticulate liga
ments on each side and the fllum termlnale inferiorly. The 
spinal cord is segmented, and paired posterior (sensory) 
and anterior (motor) roots corresponding to each segment 
of the cord leave the vertebral canal through the lnterver
tebral foramina. 

The spinal cord Is shorter than the vertebral column 
and terminates Inferiorly in the adult at the level of the 
lower border of the first lumbar vertebra. The subarach
noid space extends inferiorly beyond the end of the cord 
and ends at the level of the lower border of the second 
sacral vertebra. 

Because of the shortness of the spinal cord relative 
to the length of the vertebral column, the nerve roots of 
the lumbar and sacral segments have to take an oblique 
course downward to reach their respective intervertebral 
foramlna; the resulting leash of nerve roots forms the 
cauda equlna. 

A spinal tap needle may be Inserted into the subarach
nold space below the level of the second lumbar vertebra 
without damaging the spinal cord. (For details, seep. 19.) 

Anterior and Posterior Nerve Root Lesions 
Hach nerve root has a covering of pla, arachnoid, and dura 
mater. The anterior and posterior roots unite in the interver
tebral foramina to form the spinal nerves. Here, the men!~ 
ges fuse with the eplneurium. of the spinal nerves. Either or 
both spinal nerve roots may be Involved In syphilitic spi
nal meningitis or pyogenlc menlng!Us. The posterior roots 
n.ay be Involved In tabes dorsalis and herpes zoster. Their 
anatomical location. both in the vertebral canal and in the 
lntervertebral foramtna, exposes them to compression from 
tumors of the vertebral column and to Irritation from abnor
mal constituents of CSF, such as blood following a subarach
no!d hemorrhage. A herniated lntervertebral disc, a primary 
or secondary vertebral tumor, vertebral destruction by 
tumor or infection, or a fracture d islocation can press on 
the spinal nerve roots In the lntervertebral foramlna. Even 
severe scoliosis can compress the nerve roots. 

A lesion of one posterior spinal nerve root will produce 
pain in the area of skin Innervated by that root and In the 
muscles that receive their sensory nerve supply from that 
root. Movements of the vertebral column in the region of 
the lesion will heighten the pain, and coughing and sneez
ing will also make It worse by raising the pressure within 
the vertebral canal. Before loss of sensation In the der
matome occurs, the paUent might experience hyperalgesla 
and hyperesthesia. 

A lesion of an anterior root will result in paralysis of any 
muscle that Is supplied escluslvely by that root and a par
tial paralysis of any muscle that Is supplied partially by that 
root. In both cases, fasciculation and muscle atrophy occur. 
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Clinical Significance of Ascending Tract Lamination 
Within the anterolateral white column of the spinal cord, 
the axons of the spinothalamic tracts from the sacral and 
lumbar segments of the body are deflected laterally by 
axons crossing the midline at successively higher levels. 
Within the posterior white column, the axons from the 
sacral and lumbar segments of the body are pushed medl· 
ally by the axons from higher segments of the body. This 
dellection of the tracts produces lamination; thus, in the 
spinothalamic tracts (anterolateral system), the cervical to 
sacral segments are located from medial to lateral, whereas 
In the posterior white column (medial Jemnlscus system), 
the sacral to cervical segments are located from medial to 
lateral. This is shown diagrammatically in Figure 4-29. 

Ascending Tract Injury 
The detailed information described above is of practical 
value in patients experiencing external pressure exerted on 
the spinal cord In the region of the sptnothalamlc tracts. It 
explains, for example, why patients will experience a loss 
of pain and temperature sensations first In the sacral der
matomes of the body and, If the pressure increases, In the 
other higher segmental dermatomes of the body. 

Lateral Spinothalamic Tract 
Destruction of this tract produces contralateral Joss of 
pain and thermal senslblllties below the level of the lesion. 
Therefore, the patient will not respond to pinprick or rec· 
ognize hot and cold objects placed in contact with the skin. 

Anterior Spinothalamic Tract 
Destruction of this tract produces contralateral Joss of light 
touch and pressure senslblllties below the level of the lesion. 
Remember that dlscrlmlnatlve touch will still be present, 
because this information Is conducted through the fasdcu· 
Jus gracilis and fasciculus cuneatus. The patient will not feel 
the light touch of a piece of cotton placed against the skin 
or feel pressw-e from a blunt object placed against the skin. 

Fasclculus Gradlis and Fasdculus Cuneatus 
Destruction of these tracts cuts off the supply of lnforma· 
tlon from the muscles and joints to consciousness; thus, 
the individual does not know about the position and mov~ 
ments of the ipsilateral limbs below the level of the lesion. 
With the patient's eyes closed, he or she ts unable to tell 
where the limb or part of the limb is In space. For example, 
If you passively dorslflex the patient's big toe, he or she Is 
unable to tell you whether the toe ls pointing upward or 
downward. The patient has impaired muscular control, and 
the movements are Jerky or ataxic. 

The patient also has loss of vibration sense below the 
level of the lesion on the same side. This Is easily tested 
by applying a vibrating tuning fork to a bony prominence, 
such as the lateral malleolus of the fibula or the styloid 
process of the radius. 

Tactile discrimination will also be lost on the side of 
the lesion. This is tested most easily by gradually sepa
rating the two points of a compass until the patient can 
appreciate them as two separate points, not as one. when 
they are applied to the skin surface. Tactile discrimination 
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Figure 4-29 Segmental organization of the tracts in the posterior, lateral, and anterior white 
columns of the spinal cord. 

varies from one part of the body to another. In a normal 
individual, the points have to be separated by about 3 to 
4 mm before they are recognized as separate points on the 
tips of the fingers. On the bad:, however, the points have 
to be separated by 65 mm or more before they can be rec
ognized as separate points. 

The sense of general light touch would be unaffected, as 
these Impulses ascend in the anterior spinothalamic tracts. 

Note that a spinal cord lesion so localized that it affects 
one sensory tract only is extremely rare; usually, several 
ascending and descending tracts are Involved. 

Somatic and Visceral Pain 
Somatic pain has been considered extensively In this 
chapter. The sense organs for somatic pain are the naked 
nerve endings. The initial sharp pain is transmitted by fa.st
conducting fibers, and the more prolonged burning pain 
travels In the slow-conducting nerve fibers (see p.143). 

In the viscera, special receptors, chemoreceptors, baro
receptors, osmoreceptors, and stretch receptors are sensi
tive to a variety of sUmuli, including lschemfa. stretching, 
and chemical damage. Afferent fibers from the visceral 
receptors reach the central nervous system (CNS) via the 
sympathetic and parasympathetic parts of the autonomic 
nervous system. Once within the CNS, the pain Impulses 
travel by the same ascending tracts as the somatic pain 
and ultlmately reach the postcentral gyrus. 

Visceral pain is poorly localized and often associated 
with salivation, nausea, vomiting, tachycardia, and sweat
ing. Visceral pain may be referred from the organ Involved 
to a distant area of the body (referred. pain). 

Treatment of Acute Pain 
Drugs such as sallcylates can be used to reduce the synthesis 
of prostaglandin, a substance that sensitizes free nerve end
ings to painful stimuli. LocaJ anesthetics, such as procaine, 
can be used to block: nerve conduction In peripheral nerves. 

Narcotic analgesics, such as morphine and codeine, 
reduce the affect.tve reaction to pain and act on the opiate 
receptor sites In the cells in the posterior gray column 
of the spinal cord as well a.s other cells in the analgesic 
system in the brain likely by inhibiting the release of 
glutamate, substance P, and other transmitters from the 
sensory nerve endings. To minimize the side effects of 
morphine given by systemic Injection, the narcotic can 
be given by local Injection directly Into the posterior gray 
horn of the spinal cord or by injection indirectly into the 
CSF in the subarachnoid space. Long.term cancer pain has 
been treated successfully by the continuous Infusion of 
morphine Into the spinal cord. 

Treatment of Chronic Pain 
New techniques, such as acupuncture and elecbical stimu
lation of the skin, are now being used with success. Relief 
of pain can be achieved by the use of placebos In a few 
patients. The anticipation of the relief of pain Is thought 
to stimulate the release of endorphins, which inhibit the 
normal pain pathway. 

Relief of Pain by Rhizotomy or Cordotomy 
Surgical relief of pain has been used estenslvely In patients 
with terminal cancer. Posterior rhlzotomy or division of 
the posterior root of a spinal nerve effect.tvely severs the 
conduction of pain Into the CNS. It Is a relat1vely simple 
procedure, but, unfortunately, the operation deprives 
the patient of other sensations besides pain. Moreover, 
If the pain sensation ts entering the spinal cord through 
more than one spinal nerve, it may be necessary to divide 
several posterior roots. 

Thoracic cordotomy has been performed with suc
cess in patients with severe pa.in originating from the 
lower abdomen or pelvis. Essentially, the operation 
consists of dividing the lateral spinothalamlc tracts by 
Inserting a knife Into the anterolateral quadrant of the 



Syphilitic lesion 

\ 
<:<> I 

I 

)L/ 
Figure 4-30 Site of a syphilitic lesion on 1he spinal 
cord. 

spinal cord. Remember that the lateral spinothalamic 
fibers have originated In cells of the substantla gelatl
nosa In the opposite posterior gray column and that they 
cross the spinal cord obliquely and reach their tract In 
the white column three or four segments higher than 
their posterior root of entry. Cervical cordotomy has 
been performed successfully In patients with intractable 
pa.Jn In the neck or thorax. 

Tabes Dorsalis 
Tabes dorsalls Is caused by syphilis. The organism causes 
a selective destruction of nerve fibers at the point of 
entrance of the posterior root Into the spinal cord, espe
cially In the lower thoracic and lumbosacral regions 
(Fig. 4-30). The following symptoms and signs may be pres
ent (1) stabbing pains In the lower limbs, whJch may be 
very severe; (2) paresthesia. with numbness in the lower 
limbs; (3) hypersensitivity of skin to touch, heat, and cold; 
( 4) loss of sensation In the skin of parts of the trunk and 
lower limbs and loss of awareness that the urinary blad
der Is full; (5) loss of appreciation of posture or passive 
movements of the limbs, especially the legs; (6) loss of 
deep pain sensation, such as when the muscles are forcibly 
compressed or when the Achilles tendon is compressed 
between the finger and thumb; (7) loss of pain sensation 
In the skin in certain areas of the body, such as the side of 
the nose or the medial border of the forearm, the thoracic 
wall between the nipples, or the lateral border of the leg; 
(8) ataxia of the lower limbs as the result of loss of pro
prioceptive sensibility (the unsteadiness in gait is com
pensated to some extent by vision; however, In the dark or 
If the eyes are closed, the ataxia becomes worse and the 
person may fall); (9) hypotonla as the result of loss of pro
prioceptive Information that arises from the muscles and 
joints; and (10) loss of tendon reOexes, owing to degener
ation of the afferent fiber component of the reflex arc (the 
knee and ankle tendon Jerks are lost early In the disease). 

Muscle Activity 
Muscle tone Is a state of continuous partlal contraction 
of a muscle and Is dependent on the Integrity of a mono
synaptlc reflex arc (see description on p. 160). The recep
tor organs are the muscle spindles. The afferent neuron 
enters the spinal cord through the posterior root and 
synapses with the effector neuron or lower motor neuron 
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In the anterior gray column. The lower motor neuron sup
plies the muscle fibers by traveling through the anterior 
roots, the spinal nerves, and peripheral nerves. 

MusdeTone 
Muscle tone Is abolished If any part of that simple reflex 
arc Is destroyed. An atonlc muscle feels soft and flabby 
and atrophJes rapidly. Normal muscle tone exhibits a cer
tain reslllence or elasUdty, and, when a muscle is passively 
stretched by moving a joint, a certain degree of resistance 
Is felt. Normal muscle tone depends on the Integrity of the 
monosynaptic refleic arc described above and the control 
superimposed on It by Impulses received through the 
descending tracts from suprasplnal levels. Note that muscle 
spindles are excitatory to muscle tone, whereas neurotendi
nous receptors are inhibitory to muscle tone. 

Voluntary Movement 
Voluntary movement Is Initiated by the Individual. A series 
of different muscles are made to contract for the purpose 
of reaching a goal. This would suggest that the descending 
tracts that Influence the activity of the lower motor neurons 
are driven by Information n!cetved by the sensory systems, 
the eyes, the ears, and the muscles themselves and are 
affected further by past afferent Information that has been 
stored In the memory. Moreover, the whole process may be 
colored by past and present emotional input. The limbic 
structures appear to play a role In emotion, motivation, and 
memory and may influence the initiation process of volun
tary movement by their projections to the cerebral cortex. 

The descending pathways from the cerebral cortex and 
bralnstem, that Is, the upper motor neuroru;, inOuence 
the activity of the lower motor neurons either directly or 
through intemundal neurons. Most of the tracts originat
ing in the bralnstem that descend to the spinal cord also 
are receiving Input from the cerebral cortex. 

The cortlcosplnal tracts are believed to control the 
prime mover muscles, especially those responsible for the 
highly skilled movements of the distal parts of the limbs. 
The other supraspinal descending tracts play a major role 
in the simple basic voluntary movements and, in addition, 
adjust muscle tone so that easy and rapid movements of 
the Joints can take place. 

Interestingly, the basal ganglia and cerebellum do not 
give rise directly to descending tracts that influence the 
activities of the lower motor neuron, yet these parts of the 
nervous system greatly influence voluntary movements. 
This influence is accomplished indirectly by fibers that 
project to the cerebral cortex and brainstem nuclei, which 
are the sites of origin of the descending tracts. 

Pyramidal and Extrapyramidal Tracts 
The term pyruoldal tract is used commonly by cllnlclans 
and refers speciftcally to the cortlcosplnal tracts. The term 
ca.me into common usage when it was learned that the 
corticospinal fibers become concentrated on the anterior 
part of the medulla oblongata In an area referred to as the 
pynmlda. 

The term eldnpynmddal tnda refers to all the descend
ing tracts other than the corticosplnal tracts. 

Upper Motor Neuron Lesions 
Damage to descending tracts produces a variety of clinical 
signs, depending on the specific location. 
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Corticospinal Tract (Pyramidal Tract) Lesions 
Lesions restricted to the corticospinal tracts produce the 
following clinical signs: 

1. The Bablnald lip is presenL The great toe becomes dor
sally flexed, and the other toes fan outward In response 
to scratching the skin along the lateral aspect of the aole 
of the foot. The normal response Is plantar fteDc>n of all 
the toes. Remember that the BabJnski sign Is normally 
present during the first year of life because the cortico
spinal tract is not myelinated until the end of the first 
year of life. 

2. The explanatlon for the Bablnaki sign Is thought to be 
that, normally, the cortlcosplnal tracts produce plantar 
Hexion of the toes In response to sensory stlmuJation of 
the skin of the sole. When the cortlcosplnal tracts are 
nonfunctional, the influence of the other descending 
tracts on the toes becomes apparent, and a kind of with
drawal refle:i tms place In response to stlmuJatlon of 
the sole, with the great toe being dorsally flexed and the 
other toes fanning oul 

3. The superficial abdomlnal reflexes are absent. The 
abdominal muscles fail to contract when the skin of the 
abdomen Is scratched. This reflex Is dependent on 
the Integrity of the cortlcosplnal tracts, which exert a 
tonic ezdtatory lnOuence on the lntemundal neurons. 

4. The cnmuledc rdleK ls absent. The cremaster muscle 
fails to contrad when the skin on the medial side of the 
thigh is stroked. This refleit arc passes th.rough the first 
lumbar segment of the spinal cord. This reflez Is dependent 
on the Integrity of the corttcosplnal tracts, which exert a 
tonic excitatory Influence on the intemundal neurons. 

5. FlneGUled volant.ry m.owmaenta we loet. ThJs OCCW'S 

especially at the distal end of the limbs. 

Lesions of Other Descending Tracts 
{Extrapyramldal Tracts) 
The following clinical signs are present In lesions restricted 
to the other descending tracts: 

1. Severe panlJW with little or no muscle atrophy (except 
secondary to disuse). 

2. Sputtdty or hypertonlclty of the muscles. The lower 
limb Is maintained In extension, and the upper limb Is 
maintained In Oexlon. 

3. EDgerated deep m.ucle rellexetl and clonus may be 
present In the Oexors of the fingers, the quadriceps fem· 
oris, and the calf muscles. 

4. C1up-blfe ruction. When passive movement of a joint 
Is attempted, muscle spastlclty produces resistance. 
The muscles, on stretching, suddenly give way due to 
neurotendlnous organ-mediated lnhlbltlon. 

lo clinical practice, organic lea.Iona restricted only to the 
pyramidal tracts or only to the extrapyramldal tracts are 
rare. Usually, both sets of tracts are affected to a variable 
extent, producing both groups of clinical s igns. As the pyra
midal tracts normally tend to increase muscle tone and 
the eztrapyramldal tracts Inhibit muscle tone, the balance 
between these opposing effects will be altered, producing 
different degrees of muscle tone. 

Lower Motor Neuron L.uions 
Trauma, Infection (poliomyelitis), vascular disorders, 
degenerative diseases, and neoplasms may all produce a 

lesion of the lower motor neuron by destroying the cell 
body In the antertor gray column or Its axon in the anterior 
root or spinal nerve. The following clinical signs are present 
with lower motor neuron lesions: 

1. Muscles emlblt tlaedd ,_..,.. 
2. Muscles alropby. 
3. Muscles Joee reflaes. 
4. Mucalar fMdculadcm (muscle twitching} Is seen only 

with slow destruction of the lower motor neuron cell. 
5. Mucalar contndure (shortening of the paralyzed m\1$

cles) occurs more often in the antagonist muscles whose 
action is no longer opposed by the paralyzed muscles. 

6. Normally Innervated muscles respond to stimulation by 
the appl1catlon of faradlc (Interrupted) current, and the 
contractJon continues as long as the current Is passing. 
Galvanic or direct current causes contraction only when 
the current Is turned on or turned off. When the lower 
motor neuron Is cut, a muscle will no longer respond 
to Interrupted electrical stlmulatlon 7 days after nerve 
sectJoo, although It still wlll respond to direct current. 
After 10 days, the response to direct current also ceases. 
This change In muscle response to electrical stimulation 
is known as the l'MCtlon of defellel'adon. 

Types of Paralysis 
Hemlple91a Is a paralysis of one side of the body and 

Includes the upper limb, one side of the trunk, and the 
lower limb. 

MoMplech Is paralysis of one limb only. 
DIJllella Is paralysis of two corresponding Umbs (I.e., arms 

or legs). 
Paraplecla ls paralysis of the two lower limbs. 
Qaadrlpleala is paralysis of all four limbs. 

Relationship of Muscular Signs and Symptoms 
to Nervous System Lesions 
The type of abnormal muscle tone resulting from nervous 
system damage will depend on the location of the lesion. 

Hypotonia 
Hypotonla ex11ts when the muscle tone ls diminished 
or absent. It occurs when any part of the monosynaptlc 
stretch refles arc is interrupted. It also occurs in cerebellar 
disease as the result of diminished influence on the ymotor 
neurons from the cerebellum. 

Hypertonia 
Hypertonla (spastlclty, rigidity) exists when the muscle 
tone Is Increased. It occurs when lesions exist that involve 
supraspinal centers or their descending tracts but not the 
corticospinal tract. It also may occur at the local spinal 
segmental leveJ and be produced by local exdtatlon of the 
stretch reflex by sensory Irritation (e.g., spasm of back mus
cles secondary to prolapsed lntervertebral disc, spasm of 
abdominal muscles seconduy to peritomtls). 

Tremors 
Tremors are rhythmic Involuntary movements that result 
from the contraction of opposing muscle groups. These 
may be slow, as In puldn....,1wm, or fast, as In toxic tremors 
from thyrotozicosls. They may occur at rest, as In parldn
sonlsm, or with action, the so-called Intention tremor, as 
seen in cerebellar dlaease. 



Spasms 
Spasms are sudden, involuntary contractions of large 
groups of muscles. Examples of spasms are seen tn paraple
gia and are due to lesions lnvolvlng the descending tracts 
but not the corUcosplnal tract. 

Athetosis 
Athetosis are continuous, slow, involuntary, dysrhythmic 
movements that are always the same In the same patient 
and disappear during sleep. They Impede voluntary move
ment. Athetosls occurs with lesions of the corpus strlatum. 

Chorea 
Chorea consists of a series of continuous, rapid, involun
tary, jerky, coarse, purposeless movements, which may 
occur during sleep. Chorea occurs with lesions of the cor
pus strlatum. 

Oy'stonia 
Dystonia consists of frequent, maintained contractions of 
hypertonic muscles, leading to bizarre postures. It occurs 
with lesions of the lentlform nucleus. 

Myoclonus 
Myoclonus ls a sudden contraction of an isolated muscle 
or part of a muscle. It occurs irregularly and commonly 
Involves a muscle of a limb. It may be present with dis
eases that Involve the reticular formation and the cer
ebellum. Normal myoclonlc jerks sometimes occur In 
Individuals as they are falling asleep and are believed to 
be due to a sudden temporary reactivation of the reticular 
formation. 

Hemiballismus 
Hemiballlsmus Is a rare form of Involuntary movement con
fined to one side of the body. It usually involves the pro~ 
mal extremity musculature, and the limb involved Is made 
to fiy about in all directions. The lesion responsible occurs 
in the opposite subthalamic nucleus. 

Acute Spinal Cord Injury 
The Incidence of acute spinal cord Injuries In the United 
States Is about 10,000 per year. The injury ls catastrophic, 
because little or no regeneration of the severed n~ tracts 
takes place (see p. 71) and the individual ls permanently 
disabled. Treatment has been restricted to anatomical 
realignment and stablllzatlon of the vertebral column or 
decompression of the spinal cord. During the recovery 
process, the patient goes through intenslw rehabilitation 
to optimize remaining neurologlc function. Apart from 
improved management of medical compllcatl.ons, very lit
tle new therapy has been successful despite an enormous 
amount of research Into the problem of neuronal regener
atlon In the spinal cord. Recently, the use of certain drugs 
(GM1 ganglloslde and methylprednlsolone) administered to 
the patient soon after injury has resulted In some Improve
ment In the neurologf c deficit. Animal experiments appear 
to Indicate that these drugs enhance the functional recov
ery of damaged neurons. 

Chronic Compression of the Spinal Cord 
If acute spinal cord injury is excluded, the causes of com
pression may be divided Into extradural and lntradural, 
which Is further divided Into those that arise outside the 
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spinal cord ( extramedullary) and those that arise withm the 
cord (lntramedullary). 

Extradural causes include herniation of an interver~ 
bral disc, infection of the vertebrae with tuberculosis, and 
primary and secondary tmnors of the vertebra; leukemic 
deposits and extradural abscesses may also compress the 
spinal cord. The two common extramedullary tumors are 
meningiomas and nerve fibromas. lntramedullary causes 
include primary tumors of the spinal cord, such as gliomas. 

The cllnlcal signs and symptoms are produced by an 
interference with the normal anatomical and physiololllc 
functions of the spinal cord. Pressure on the spinal arteries 
causes lschemia of the spinal cord with degeneration of 
nerve cells and their fibers. Pressure on the spinal veins 
causes edema of the spinal cord with interference in the 
function of the neurons. Finally, direct pres.sure on the 
white and gray matter of the spinal cord and the spinal 
nerve roots Interferes with nerve conduction. At the same 
time, CSF circulation is obstructed, and the composIUon of 
the fluid changes below the level of obstruction. 

Cinical Signs 
One of the earliest signs is pain, which may be local pain 
In the vertebra Involved or patn radiating along the dis
tribution of one or more spinal nerve roots. The pain Is 
made worse by coughing or sneezing and Is usually worse 
at night, when the patient is recumbent. 

Interference with motor function occurs early. lnvol~ 
ment of the anterior gray column motor cells at the level 
of the lesion results In partial or complete paralysis of 
muscles, with loss of tone and muscle wasting. The early 
involvement of the cortlcospinal and other descending 
tracts produces muscular weakness, Increased muscle 
tone (spasticlty), increased tendon reflexes below the level 
of the lesion, and an extensor plantar response. The degree 
of sensory loss will depend on the nerve tracts involved. A 
lesion of the posterior white columns of the spinal cord will 
cause Joss of muscle joint sense (proprioception), vibra
tion sense, and tactile discrimination below the level of the 
lesion on the same side. Involvement of the lateral spinal 
thalamlc tracts will cause loss of pain and heat and cold 
sensatlons on the opposite side of the body below the level 
of the lesion. A more detailed discussion of the symptoms 
and signs following injury to the ascending and descending 
tracts in the spinal cord is given on pages 163 and 166. 

Because many spinal tumors are benign and can be suc
cessfully removed (provided that Irreversible damage to 
the spinal cord has not occurred as a result of compression 
of the blood supply), an early accurate diagnosis Is essen
tial. The following Investigations should be performed: 
(1) radiography of the vertebral column, including com
puted tomography (C1) and magnetic resonance imaging 
(MRI); (2) spinal tap; and (3) myelography when determin
ing the diagnosis Is dlfilcult. 

Clinical Syndromes Affecting the Spinal Cord 
Myelopathy stems from a number of causes, including 
trauma, developmental abnormality, infection, autoimmune 
destruction, and genetic disease. 

Spfnal Shock Syndrome 
Spinal shock syndrome is a clinical condition that follows 
acute severe damage to the spinal cord. All cord functions 
below the level of the lesion become depressed or lost, and 



168 CHAPTER 4 Spinal Cord and Ascending, Descending, and lnte1'$&9mental Traets 

sensory Impairment and Daccld paralysis occur. The seg
mental spinal reflexes are depressed due to the removal of 
influences from the higher centers that are mediated through 
the corticospinal, reticulospinal, tectospinal, rubrospinal, 
and vestibulospinal tracts. Spinal shock, especially when the 
lesion Is at a high level of the cord, may also cause severe 
hypotenslon ftom loss of sympathetic vasomotor tone. 

In most patients, the shock persists for less than 
24 hours, whereas in others, it may persist for as long a.s 
1 to 4 weeks. As the shock diminishes, the neurons regain 
their excltabWty, and the effects of the upper motor neu
ron loss on the segments of the cord below the lesion, for 
example, spastlclty and exaggerated reflexes, appear. 

The presence of spinal shoclc can be determined by 
testing for anal sphincter reflex activity. The reflex can be 
initiated by placing a gloved finger in the anal canal and 
stimulating the anal sphincter to contract by squeezing 
the glans penis or clitoris or gently tugging on an Inserted 
Foley catheter. An absent anal reflex Indicates spinal shock. 
A cord lesion Involving the sacral segments of the cord 
would nullify this test. Insofar as the neurons giving rise 
to the inferior hemorrhoidal nerve to the anal sphincter 
(S2-S4:) would be nonfunctlonlng. 

Demuctive Spinal Cord Syndromes 
When neurologic impairment is identified following the dis
appearance of spinal shock, it can often be categorized into 
one of the following syndromes: (1) complete cord transec
tlon syndrome, (2) anterior cord syndrome, (3) central cord 
syndrome, or (4) Bro~uard syndrome or hemlsectlon 
of the cord. Clinical findings often Indicate a combination of 
lower motor neuron injury (at the level of destruction of the 
cord) and upper motor neuron Injury (for those segments 
below the level of destruction). 

COMPLETE CORD lRANSECTlON SYNDROME 
Complete cord transectlon syndrome (Fig. 4-31) results in 
complete loss of all sensibility and voluntary movement below 
the level of the lesion. It can be caused by fracture dlslocatlon 
of the vertebral column, by a bullet or stab wowtd, or by an 
expanding tumor. The following characterlstlc clinical features 
will be seen alter the period of spinal shock has ended: 

1. Bilateral lower motor neuron paralysis and muscular 
atrophy ln the segment of the leslon results from damage 
to the neurons ln the anterior gray columns (i.e., lower 
motor neuron) and possibly from damage to the nerve 
roots of the same segment. 

2. In bilateral spastic paralysis below the level of the leslon, 
bilateral Babinski sign ls present, and, depending on the 
level of the segment of the spinal cord damaged, bilateral 
loss of the superficial abdominal and cremaster reflexes 
occurs. All these signs are caused by an interruption of 
the corticospinal tracts on both sides of the cord. The 
bilateral spastic paralysis Is produced by the cutting of 
the descending tracts other than the cortl.cosplnal tracts. 

3. In bilateral loss of all sensations below the level of the 
lesion, loss of tactile discrimination and vibratory and 
proprioceptive sensations is due to bilateral destruction 
of the ascending tracts In the posterior white columns. 
The I°" of pain, temperature, and light touch sensations 
ls caused by section of the lateral and anterior splnotha
lamic tracts on both sides. Because these tracts cross 
obliquely, the loss of thermal and Jlght touch sensations 
occurs two or three segments below the lesion distally. 

4. Bladder and bowel functions are no longer under vol
untary control, because all the descending autonomic 
fibers have been destroyed. 

With a complete fracture dislocation at the 1..2-1..3 verte
bral level (i.e., a level below the lower end of the cord in the 
adult), no cord injury occurs. Neural damage is confined to 
the cauda equlna, and lower motor neuron, autonomic, and 
sensory fibers are Involved. 

ANTERIOR CORD SYNDROME 
Anterior cord syndrome (Fig. 4-31) can be caused by cord 
contusion during vertebral fracture or dislocation, from 
injury to the anterior spinal artery or its feeder arteries 
with resultant lschemla of the cord, or by a herniated lnter
vertebral disc. The following characteristic clinical features 
are seen alter the period of spinal shock has ended: 

1. Bilateral lower motor neuron paralysis ln the segment 
of the lesion and muscular atrophy ls caused by damage 
to the neurons In the anterior gray columns O.e., lower 
motor neuron) and possibly by damage to the anterior 
nerve roots of the same segment. 

2. In bilateral spastic paralysis below the level of the lesion, 
the extent depends on the size of the Injured area of the 
cord. The bllateral paralysis Is caused by the interrup
tion of the anterior corticosplnal tracts on both sides of 
the cord. The spa.sUclty Is produced by the interruption 
of tracts other than the corticospinal tracts. 

3. Bilateral loss of pain, temperature, and light touch sen
sations below the level of the leslon are caused by inter
ruption of the anterior and lateral spinothalamlc tracts 
on both sides. 

4. Tactile discrimination and vibratory and proprioceptive 
sensations are preserved because the posterior white 
columns on both sides are widamaged. 

CENTRAL CORD SYNDROME 
Central cord syndrome is most often caused by hypenme. 
sion of the cervical region of the spine (Fig. 431). The cord is 
pressed on anteriorly by the vertebral bodies and posteriorly 
by the bulging of the llgamentum flavum, causing damage to 
the centraJ region of the spinal cord. Radlographs of these 
Injuries often appear normal because no fracture or disloca
tion has occurred. The following characteristic clinical fea
tures are seen after the period of spinal shock has ended: 

1. Bilateral lower motor neuron paralysis In the segment 
of the lesion and muscular atrophy is caused by damage 
to the neurons Jn the anterior gray columns (I.e., lower 
motor neuron) and possibly by damage to the nerve 
roots of the same segment. 

2. In bilateral spastic paralysis below the level of the lesion 
with characteristic sacral "sparing," lower limb fibers 
are affected less than upper limb fibers because the 
descending fibers ln the lateral cortlcospinal tracts are 
laminated, with the upper Jlmb fibers located medially 
and the lower limb fibers located laterally (.Fig. 4-29). 

3. In bilateral loss of pain, temperature. light touch, and 
pressure sensations below the level of the lesion with 
chararteristic sacral "sparing," because the ascending 
fibers in the lateral and anterior splnothalamlc tracts 
are also laminated, with the upper limb fibers located 
medially and the lower limb fibers located laterally, the 
upper limb fibers are more susceptible to damage than 
the lower limb fibers. 



Complete cord transectlon 
syndrome 

Central cord syndrome 

Syrlngomyella 

77/;1 

Anterior cord syndrome 

Brown-S6quard 
syndrome 

Pollomyelltls 

Clinical Notes 169 

Amyotrophic lateral 
sclerosis 

Figure 4-31 Spinal cord syndromes. 

Thus, the clinical picture of a patient wlth a history of 
a hyperextension injury of the neck, presenting with motor 
and sensory tract injuries involving principally the upper 
limb, would strongly suggest central cord syndrome. The 
sparing of the lower part of the body may be evidenced 

by (1) the presence of perianal sensation, (2) good anal 
sphincter tone, and (3) the ability to move the toes slightly. 
In patients whose damage Is caused by edema of the spinal 
cord alone, the prognosis ls often very good. Mild central 
cord syndrome that consists only of parestheslas of the 
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Lesion on this Bi lle 

Total loss of ell sensation&
hypotonlc paralysls 

upper part of the arm and some mild arm and hand weak
ness can occur. 

BROWN-S~QUARD SYNDROME (CORD HEMISECTION) 
Hemisection of the spinal cord can be caused by fracture 
dislocation of the vertebral column, by a bullet or stab 
wound, or by an expanding tumor (Fig. 4-31). Incomplete 
hemlsectlon Is common; complete hemisectlon Is rare. 
The following characteristic clinical features are seen In 
patients with complete hemisectlon of the cord (Fig. 4-32) 
after the per1od of spinal shock has ended: 

1. lpsilateral lower motor neuron paralysis in the segment 
of the lesion and muscular atrophy are caused by dam
age to the neurons on the anterior gray column and 
possibly by damage to the nerve roots of the same seg
ment. 

2. In ipsilateral spastic paralysis below the level of the 
lesion, an ipsilateral Babinski sign is present, and, 
depending on the segment of the cord damaged, an lpsi
lateral loss of the superficial abdominal reflexes and cre
masterlc reflex occurs. All these signs are due to loss of 
the cortlcosplnal tracts on the side of the lesion. Spastic 
paralysis Is produced by Interruption of the descending 
tracts other than the cortlcosplnal tracts. 

3. lpsilateral band of cutaneous anesthesia in the segment 
of the lesion results from destruction of the posterior 
root and its entrance into the spinal cord at the level of 
the lesion. 

4. lpsilateral loss of tactile discrimination and of vibratory 
and proprioceptive sensations below the level of the 
lesion are caused by destruction of the ascending tracts 
In the posterior white column on the same side of the 
lesion. 

5. Contralateral loss of pain and temperature sensations 
below the level of the lesion is due to destruction of the 
crossed lateral spinothalamic tracts on the same side of 
the lesion. Because the tracts cross obliquely, the sensory 
loss occurs two or three segments below the lesion distally. 

6. Contralateral but not complete loss of tactile sensa
tion below the level of the lesion condition Is caused 

Figunt 4-32 Brcwn-Sequard 
syndrome with a spinal cord lesion 
at the right 10th thoracic level. 

by destruction of the crossed anterior spinothalam.ic 
tracts on the side of the lesion. Here, again, because 
the tracts cross obliquely, the sensory impairment 
occurs two or three segments below the level of the 
lesion distally. The contralateral loss of tactile sense Is 
incomplete because discriminative touch traveling In 
the ascending tracts In the contralateral posterior white 
column remains intact. 

Syringomyelia 
Syringomyelia, which is due to a developmental abnorm~ 
ity in the formation of the central canal, most often affect.s 
the brainstem and cervical region of the spinal cord. At the 
site of the lesion, cavitation and gllosls In the central region 
of the neuroaxls occurs (Fig. 4-33). The following character
istic signs and symptoms are found: 

1. Pain and temperature sensatJons are lost in dermatomes 
on both sides of the body related to the affected seg
ments of the cord. This loss commonly has a shawlllke 
distribution caused by the interruption of the lateral 
spinothalamic tracts as they cross the midllne in the 
anterior gray and white commlssures. The patient com
monly complains of accidental burning injuries to the 
fingers. 

2. Tactile discrimination, vibratory sense, and propriocep
tive sense are normal because the ascending tracts in 
the posterior white column are unaffected. 

3. Lower motor neuron weakness is present In the small 
muscles of the hand. It may be bilateral, or one hand 
may suffer before the other. As the lesion expands in 
the lower cervical and upper thoracic region, It destroys 
the anterior horn cells of these segments. Later, the 
other muscles of the arm and shoulder girdles undergo 
atrophy. 

4. Bilateral spastic paralysis of both legs may occur, with 
exaggerated deep tendon reflexes and the presence of a 
positive Babinski response. These signs are produced 
by the further expansion of the lesion laterally Into the 
white column to Involve the descending tracts. 
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Figure 4-33 Skin area in which the sensations of pain 
and temperature are lost in syringomyelia. 

5. Horner syndrome may be present. This is caused by the 
interruptlon of the descending autonomic fibers tn 
the reticulospinal tracts in the lateral white column by 
the expanding lesion. 

Poliomyelitis 
Pollomyelltls ts an acute viraJ lnfecUon of the neurons of 
the anterior gray columns of the spinal cord (Fig. 4-31) 
and cranial nerve motor nuclei. lmmunlutlon has greatly 
reduced the Incidence of poltomyelltls, which was once a 
teared disease. Paralysis and muscle wasting follow motor 
nerve cell death. Lower limb muscles are more often 
affected than those of the upper limb. In severe pollomy
elltls, respiration may be threatened due to the paraly
sis spreading to the lntercostal muscles and diaphragm. 
Muscles of the face, pharynx, larynx, and tongue may also 
be paralyzed. Improvement usually begins at the end of 
the first week as the edema In the affected area subsides, 
and function returns to the neurons that have not been 
destroyed. 

Multiple Sderosis 
Multiple sclerosis ls a common disease conllned to the 
CNS, causing demyelination of the ascending and descend
ing tracts. It ls a disease of young adults, and the cause ts 
unknown. Autoimmunity, Infection, and heredity, alone or in 
combination, may play a role In Its etiology. A breach In the 
Integrity of the blood-brain barrier In an Individual who is 
genetically predisposed to the disease may be responsible. 
This could result in the invasion of the brain and spinal 
cord by some Infection allowing leukocytes to enter the 
normally tmmunololltcally protected CNS. Inflammation 
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and demyellnation with loss of the myelln sheath results In 
the breakdown of the Insulation around the axons, and the 
velocity of the action potentials is reduced and ultimately 
becomes blocked. Although myelin is relatively rich in lipid 
(70% to 80%), it also contains proteins that play a role In 
myelln compaction. Many of these proteins In the myelln of 
the CNS differ from those In the peripheral nervous system. 
Experimentally, basic myelin proteins Injected into animals 
have been shown to produce a strong immune response, 
and CNS demyellnatlon occurs. Mutations in the structure 
of myelln protein can possibly occur and be responsible 
for some inherited forms of demyellnatlon. Also possible is 
that autoantlgens develop In multiple sclerosis. 

The course of multiple sclerosis is chronic with exac
erbations and remissions. Because of the widespread 
involvement of different tracts at different levels of the 
neuroaxis, the signs and symptoms are multiple, but remis
sions do occur. Weakness of the limbs is the most common 
sign of the disease. Ataxia due to involvement of the tracts 
of the cerebellum may occur, but spastic paralysis may also 
be present. 

Recent research has suggested that the remissions in 
multiple sclerosis may In part be explained by the remodeJ.
lng of the demyellnated axonal plasma membrane so that it 
acquires a higher than normal number of sodium channels, 
which permit conduction of action potentials de.spite the 
loss of myelin. 

Patients who have the progressive form of the disease 
without remissions have substantial damage to the axons 
as well as the myelln. This would suggest that multiple 
sclerosis Is not just a demyelinatlng disease but one with 
axonal pathology also. 

Amyotrophic Lateral Sclerosis 
Amyotrophic lateral sclerosis (Lou Gehrig disease) is a 
disease confined to the corticospinal tracts and the motor 
neurons of the anterior gray columns of the spinal cord 
(Fig. 4-31). It Is rarely familial and is Inherited in about 10% 
of patients. Amyotrophic lateral sclerosis ls a chronic pro
gressive disease of unknown etiology. Typlc:ally, It occurs 
in late middle age and is inevitably fatal in 2 to 6 years. The 
lower motor neuron signs of progressive muscular atrophy, 
paresis, and fasciculations are superimposed on the signs 
and symptoms of upper motor neuron disease with paresis, 
spastJdty, and Babinski response. The motor nuclei of some 
cranial nerves may also be Involved. 

Parkinson Disease 
Parkinson disease is associated with neuronal degener
ation in the substantia nigra and, to a lesser extent, in 
the globus pa]lldus, putamen, and caudate nucleus. The 
degeneration of the inhibitory nlgrostriate fibers results 
In a reduction In the release of the neurotransmitter dopa
mine within the corpus striatum. This leads to hypersen
sitivity of the dopamine receptors in the postsynaptic 
neurons In the corpus strlatum, which become overactive. 
The characteristic signs of the disease Include tremor and 
cogwheel rigidity (hyperklnetlc activity) and difllculty Ini
tiating voluntary movements, which are slow (hypokinetlc 
activity). 

Pernfdous Anemia 
Pernicious anemia, a form of megaloblastlc anemia, ls 
caused by vitamin 8 12 deficiency. The disease may produce 



172 CHAPTER 4 Spinal Cord and Ascending, Descending, and lnte1'$&9mental Traets 

extensive damage to the tracts In the posterior and lat
eral white columns of the spinal cord as well as peripheral 
nerve degeneration. Widespread sensory and motor losses 
may be present due to involvement of the ascending and 
descending tracts of the spinal cord. 

Vertebral Column Radiography 
The views commonly used in radiography are anteroposte
rlor, lateral, and oblique. Vertebral destruction due to tuber
culosis or primary or secondary tumors of the vertebrae or 
fractures due to trauma usually can be revealed by radio
graphic examination. Erosion of the pedlcles by a tumor 
within the lntervertebral foramlna may be seen. Narrowing 
of the space between the vertebral bodies with bony spurs 
because of osteoarthrltlc changes in adjacent vertebral 
bodies can also be seen. 

Computed Tomography and Magnetic 
Resonance Imaging 
CT scans of the vertebrae and joints can be obtained 
(Fig. 4-34). A protrusion of an lntervertebral disc can be 
identified, and the presence of narrowing of the vertebral 
canal (aplnal mnOlla) can be diagnosed. 

Sagittal MRI is increasingly being used to replace CT and 
myelography. The parts of a vertebra, the lntervertebral 
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disc, the posterior longitudinal ligament. and meningeal 
sac (thecal •c) can easlly be identlffed (F1g. 4-35). 

Myelography 
The subaracbnoid space can be studied radiographically 
by the Injection of a contrast medium Into the subarac~ 
no!d space by spinal tap. Iodized oil has been used with 
success. This technique Is referred to as myelotJr8Phy 
(Figs. 4-36 and 4-37). 

If the patient is sitting in the upright position, the oil 
sinks to the lower limit of the subarachnold space at the 
level of the lower border of the second sacral vertebra. By 
placing the patient on a tilting table, the oil can be made 
to gravitate gradually to higher levels of the vertebral 
column. 

A normal myelogram will show pointed lateral projec
tions at regular intervals at the intervertebral space levels 
because the opaque medium fills the lateral extensions of 
the subarachnold space around each spinal nerve. The 
presence of a tumor or a prolapsed lntervertebral disc: 
may obstnxct the movement of the oil from one region to 
another when the patient is tilted. 

With the recent technologic advances in CT scans and 
MRJs, intrusive procedures such as myelography are us~ 
ally not required to make a diagnosis. 
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F'igure 4-34 Horizontal (axial) CT scan of the fourth lumbar vertebra. 
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Figure 4-35 Sagittal MRI of 
the lumbosacral part of the 
vertebral column showing 
several prolapsed interverte
bral discs. (Courtesy Dr. Pait.) 

Figure 4-36 Posteroanterior myelogram of the 
cervical region of a 22-year-old woman. 
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Figure 4-37 Diagrammatic explanation of the myelogram shown in Figure 4-36. 

Vertebral Column 

• The vertebral column is composed of 33 vertebrae---
7 cervical, 12 thoracic, 5 lumbar, 5 sacral (fused), and 
4 coccygeal (fused). 

• Because It Is segmented and made up of vertebrae., 
joints, and lntervertebral discs, It Is a flexible structure. 

• The vertebral arch encloses a space called the 
vertebral foramen. The collective vertebral foramina 
form the vertebral canal-the housing of the spinal 
cord. 

Spinal Cord 

• Roughly cylindrical, the spinal cord extends from 
the rostral end of the medulla oblongata to the 
eventual tapering of the cord, called the conus 
medullaris. 

• Within the vertebral canal, the spinal cord is 
covered by three layers of meninges, the dura mater, 
arachnoid mater, and pla mater. Between the latter 
two, Is the subarachnold space, which Is fUled with 
CSF. 

• The spinal cord Is composed of an Inner core of gray 
matter surrounded by an outer covering of white 
matter. 

• On cross section, the gray matter is seen as an 
H-shaped pillar with anterior and posterior columns 
or horns. A lateral gray column is present in 
thoracic and upper lumbar segments. 

• Most nerve cells in the anterior columns are large, 
alpha and multlpolar, and their axons pass out in the 
anterior roots of the spinal nerves. 

• The substantla gelatlnosa of the posterior gray 
column is largely composed of neurons receiving 



afferent fibers concerned with pain, temperature, 
and touch from the posterior root. 

• The nucleus proprlus Is situated anterior to the 
substantia gelatlnosa throughout the spinal cord 
and communicates information regarding the 
senses of proprioception, two-point discrimination, 
and vibration with the posterior white columns. 

• The lateral gray column extends from Tl to L2(3) 
segments and contains cells that give rise to 
preganglionlc sympathetic fibers. 

• The white matter of the spinal cord can be 
described as anterior, lateral, and posterior 
columns formed from multiple myelinated nerve 
bundles, or tracts. 

Ascending Tracts 

• Pain and temperature sensations ascend in the lateral 
splnothalamic tract; light touch and pressure ascend 
In the anterior splnothalamlc tract. Together, these 
a.re also referred to as the anterolateral system. 

• First-order axons entering the spinal cord with 
pain and temperature information, synapse on 
second-order neurons of the substantia gelatinosa, 
cross obliquely to the opposite side through the 
anterior gray and white commissure, and ascend 
In the contralateral white column as the lateral 
splnothalamlc tract. The anterior splnothalamlc 
ascends in the contralateral anterior white 
column. 

• As the anterolateral system tracts ascend through 
the medulla oblongata and pons, they form the 
spinal lemniscus and eventually synapse on third
order neurons In the ventral posterolateral nucleus 
of the thalamus. 

• First-order axons carrying discriminative touch 
and vibration sensations enter the dorsal horn 
and continue traveling upward in the posterior 
white column as the fasciculus gracilis (sacral, 
lumbar, and lower thoracic spinal nerves) and 

fl Clinical Problem Solving 

I. A 53-year-old widower ls admitted to the hospi
tal complaining of a burning pain over his right 
shoulder region and the upper part of his right 
arm. The pain started 3 weeks previously and, 
since that time, has progressively worsened. The 
pain is accentuated when the patient moves his 
neck or coughs. Two years previously, he had 
been treated for osteoarthritis of his vertebral 
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fasclculus cuneatus (thoracic and cervical spinal 
nerves). Fibers of these fasclculi synapse on the 
second-order neurons of the lpsilateral nuclei 
gracilis and cuneatus In the medulla oblongata, 
respectively. 

• The axons of the second-order neurons cross 
anteromedially as the internal arcuate fibers 
and ascend a compact bundle, called the medial 
lemnlscus, until synapsing with third-order 
neurons in the ventral posterolateral nucleus 
of the thalamus. 

Descending Tracts 

• Motor neurons situated in the anterior gray columns 
of the spinal cord send axons through the anterior 
roots to the spinal nerves and are often referred to 
as lower motor neurons. This is the final pathway to 
the muscles. 

• Corticospinal tracts are pathways concerned with 
voluntary movement of muscles. Axons of pyramidal 
cells In the motor cortex descend through the 
internal capsule, form the cerebral peduncles of 
the midbraln, then separates into smaller bundles 
throughout the pons. As the axons approach the 
medulla, they coalesce, forming the pyramid of the 
rostral medulla oblongata and cross caudal medulla 
as the decussation of the pyramids. The axons 
continue as the lateral cortlcosplnal tract of the 
spinal cord until they synapse on the lower motor 
neurons of the anterior horns. 

• Reticulospinal tracts may facilitate or inhibit 
voluntary movements or reflex activity. 

• Tectospinal tracts are concerned with reflex 
postural movements in response to visual stimuli 
while vestlbulosplnal tracts are concerned with 
postural activity associated with balance. 

• The rubrospinal tract facilitates the activity of 
flexor muscles and inhibits the activity of extensor 
muscles. 

column. The patient states that he had been a 
football player at college and continued to take an 
active part In the game until he was 42 years old. 
Physical examination reveals weakness, wasting, 
and fasciculation of the right deltoid and biceps 
brachii muscles. The right biceps tendon reflex is 
absent. Radiologic examination reveals extensive 
spur formation on the bodies of the fourth, fifth, 
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and sixth cervical vertebrae. The patient demon
strates hyperesthesia and partial analgesia in the 
skin over the lower part of the right deltoid and 
down the lateral side of the arm. Using your knowl
edge of neuroanatomy, make the diagnosis. How is 
the pain produced? Why is the pain made worse by 
coughing? 

2. A 66-year-old woman is admitted to the hospital 
because of her increasing difficulty with walking. 
Two weeks before admission, she had been able to 
walk with the help of a stick. Since that time, walk
ing has become Increasingly difficult, and for the 
past 2 days, she cannot walk at all. She has com
plete control of mlcturltlon and defecation. On 
examination, the handgrip is weak on both sides, 
but power is normal in the proximal segments of 
the upper extremities. The tendon reflexes of the 
upper limbs and the sensory functions are normal. 
Both lower limbs show muscular weakness with 
increased muscle tone, especially on the left side. 
The knee jerks and ankle jerks (tendon reflexes) 
in both lower limbs are grossly exaggerated, and 
extensor plantar responses are seen bilaterally. 
The patient has a loss of sensation of pain below 
the fifth thoracic dermatome on both sides of the 
body. Postural sense ls Impaired in both great 
toes, and vibration sense is absent below the fifth 
thoracic segmental level. Radiologic examination, 
including an MRI, of the vertebral column shows 
nothing abnormal. A myelogram in the lumbar 
region reveals a complete block at the lower bor
der of the fourth thoracic vertebra. Using your 
knowledge of neuroanatomy, suggest a possible 
diagnosis. How would you treat this patient? Name 
the tracts In the spinal cord that are responsible 
for pain sensation conduction. What is the posi
tion of these tracts in the spinal cord? Name the 
tracts responsible for the conduction of postural 
sense and vibration sense from the spinal cord 
to the brain. Why did the patient have Increas
ing difficulty in walking? Why were the tendon 
reflexes in the lower limbs exaggerated, and why 
did the patient exhibit bilateral extensor plantar 
responses? 

3. A 20-year-old male student celebrates the passing 
of an examination by drinking several beers at a 
party. On the way home, he drives his car head-on 
into a bridge abutment. On examination in the 
emergency department, he ls found to have a 
fracture dislocation of the ninth thoracic verte
bra with signs and symptoms of severe damage 
to the spinal cord. On physical examination, he 
has an upper motor neuron paralysis of the left 
leg. He also has loss of muscle joint sense of the 
left leg. On testing of cutaneous sensibility, he 
has a band of cutaneous hyperesthesla extending 
around the abdominal wall on the left side at the 
level of the umbilicus. Just below this, he has 
a narrow band of anesthesia and analgesia. On 
the right side, total analgesia, thermoanesthesia, 

and partial loss of tactile sense of the skin of the 
abdominal wall below the level of the umbilicus 
and Involving the whole of the right leg are pres
ent. Using your knowledge of neuroanatomy, state 
the level at which the spinal cord was damaged. 
Was the spinal cord completely sectioned? If not, 
on which side did the hemisection occur? Explain 
the sensory losses found on examination in this 
patient. 

4. A 35-year-old woman ls admitted to the hospital 
for investigation. She has symptoms of analgesia 
and thermoanesthesia on the medial side of the 
left hand that persist for 6 months. Three weeks 
prior to her admittance, she had severely burned 
the little finger of her left hand on a hot stove and 
was unaware that the burn had occurred until she 
smelled the burning skin. On physical examination, 
she is found to have considerably reduced pain and 
temperature sense involving the eighth cervical and 
first thoracic dermatomes of the left hand. How
ever, her sense of tactile discrimination is perfectly 
normal in these areas. Examination of the right arm 
shows a similar but much less severe dissociated 
sensory loss Involving the same areas. No further 
abnormal signs are discovered. Using your knowl
edge of neuroanatomy, state which tract or tracts 
were involved in this pathologic process. Name this 
disease. 

5. A 60-year-old man walks into the neurology clinic, 
and the clinician pays particular attention to his 
gait. The patient raises his feet unnecessarily 
high and brings them to the ground in a stamp
ing manner. While he ls waiting for the cllnlclan, 
he is seen to stand with his feet wide apart. On 
questioning, the patient says that he is finding it 
increasingly difficult to walk and is starting to use 
a stick, especially when he goes out for walks in 
the dark. The clinician asks the patient to stand 
with his toes and heels together and to close his 
eyes. The patient immediately starts to sway, 
and the nurse has to steady him to prevent him 
from falling. On further examination, the patient 
is found to have loss of muscle joint sense of 
both legs and is unable to detect any feeling of 
vibration when a vibrating tuning fork was placed 
on the medial malleolus of either leg. No other 
sensory losses are noted. Using your knowledge 
of neuroanatomy, name the ascending pathways 
that are involved, by disease, in this patient. 
Name a disease that could be responsible for 
these findings. 

6. A 68-year-old man has an advanced inoperable 
carcinoma of the prostate with multiple metasta
ses In the lumbar vertebrae and hip bones. Apart 
from the severe intractable pain, the patient is 
still able to enjoy life among his family. After a full 
discussion of the prognosis with the patient and 
his wife, the wife turned to the clinician and says, 
"Can't you do something to stop this terrible pain 
so that my husband can die happy?" What can a 



clinician do to help a patient under these circum
stances? 

7. A third-year medical student attends a lecture 
on the effects of vertebral column trauma. The 
orthopedic surgeon describes very superficially 
the different neurologic deficits that may follow 
injury to the spinal cord. At the end of the lecture, 
the student says he does not understand what 
was meant by the term spinal shock. He cannot 
understand what the underlying mechanism for 
this condition is. He also asks the surgeon to 
explain what was meant by paraplegia In exten
sion and paraplegia in flexl.on. Can the surgeon 
explain why one condition sometimes passes into 
the other? These are good questions. Can you 
answer them? 

8. While examining a patient with right-sided hemi
plegia caused by a cerebrovascular accident, the 
neurologist asks the student which clinical signs 
can be attributed to an Interruption of the corti
cosplnal tracts and which signs can be attributed 
to damage to other descending tracts. Using 
your knowledge of neuroanatomy, answer this 
question. 

9. A large civilian aircraft ls forced to abort Its take
off because three tires have burst as the plane 
speeds along the runway. The pilot miraculously 
manages to halt the plane as It veers off the 
runway and comes to an abrupt halt in a ditch. 
All the passengers escape injury, but one of the 
flight attendants is admitted to the emergency 
department with suspected spinal cord injury. 
On questioning, the 25-year-old patient says that 
although she had her seatbelt fastened, she was 
thrown violently forward on Impact. She says 
she cannot feel anything In either leg and cannot 
move her legs. On examination, complete motor 
and sensory loss is noted In both legs below the 
inguinal ligament as well as absence of all deep 
tendon reflexes of both legs. Twelve hours later, 
she is able to move the toes and ankle of her left 
lower limb, and she has a return of sensations to 
her right leg except for loss of tactile discrimina
tion, vibratory sense, and proprioceptive sense. 
She has a band of complete anesthesia over her 
right inguinal ligament. Her left leg shows total 
analgesia, thermoanesthesia, and partial loss 
of tactile sense. Her right leg Is totally para
lyzed, and the muscles are spastic. A right-sided 
Babinski response is seen as well as right-sided 
ankle clonus. The right knee jerk ls exaggerated. 
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Using your lmowledge of neuroanatomy, explain 
the symptoms and signs found in this patient. 
Which vertebra was damaged? 

10. Why is moving a patient with suspected vertebral 
column fracture or dislocation so dangerous? 

11. An 18-year-old man is admitted to the hospital 
following a severe automobile accident. After a 
complete neurologlc Investigation, his family is told 
that he will be paralyzed from the waist down for 
the rest of his life. The neurologist outlines to the 
medical personnel the importance of preventing 
complications in these cases. The common com
plications are the following: (a) urinary Infection, 
(b) bedsores, (c) nutritional deficiency, (d) muscu
lar spasms, and (e) pain. Using your lmowledge of 
neuroanatomy, explain the underlying reasons for 
these complications. How long after the accident 
would giving an accurate prognosis in this patient 
be possible? 

12. A 67-year-old man is brought to the neurology 
clinic by his daughter because she notices that 
his right arm has a tremor. Apparently, this had 
started about 6 months previously and is becoming 
steadily worse. When questioned, the patient says 
he notices that the muscles of his limbs sometimes 
felt stiff, but he has attributed this to old age. While 
talking, the patient rarely smiles and then only 
with difficulty. He infrequently blinks his eyes. The 
patient tends to speak in a low, faint voice. When 
asked to walk, the patient has normal posture and 
gait, although he tends to hold his right arm flexed 
at the elbow joint. When he ls sitting, the fingers of 
the right hand are alternately contracting and relax
ing, and a fine tremor involving the wrist and elbow 
on the right side is seen. The tremor is worse when 
the arm is at rest. When he is asked to hold a book 
In his right hand, the tremor stops momentarily, but 
It starts again Immediately after the book Is placed 
on the table. The daughter says that when her 
father falls asleep, the tremor stops Immediately. 
On examination, passive movements of the right 
elbow and wrist show increased tone, and cogwheel 
rigidity is noted. The patient has neither cutaneous 
or deep sensibility sensory loss, and the reflexes 
are normal. Using your lmowledge of neuroanat
omy, make a diagnosis. Which regions of the brain 
are diseased? 

13. Name a center In the central nervous system that 
may be responsible for the following clinical signs: 
(a) Intention tremor, (b) athetosls, (c) chorea, 
(d) dystonla, and (e) hemlballlsmus. 

Answers and Explanations to Clinical Problem Solving 

1. This patient was suffering from spondylosls, which 
ls a general term used for degenerative changes 
in the vertebral column caused by osteoarthritis. 
In the cervical region, the growth of osteophytes 

was exerting pressure on the anterior and pos
terior roots of the fifth and sixth spinal nerves. 
As the result of repeated trauma and aging, 
degenerative changes occurred at the articulating 
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surfaces of the fourth, fifth, and sixth cervical 
vertebrae. Extensive spur formation 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 posterior roots, and weakness, 
wasting, and fasciculation of the deltoid and 
biceps brachii muscles were due to pressure on 
the anterior roots. Movements of the neck pre
sumably 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 pres
sure on the nerve roots. 

2. The patient was operated on and laminectomy of 
the third, fourth, and fifth thoracic vertebrae was 
carried out. At the level of the fourth thoracic 
vertebra, a small swelling was seen on the poste
rior surface of the spinal cord; it was attached to 
the dura mater. Histologic examination showed 
that it was a meningioma. The tumor was easily 
removed, and the patient successfully recovered 
from the operation. Power of the lower limbs 
progressively returned, with the patient walking 
without a stick. This patient emphasizes the 
importance of making an early, accurate diagno
sis because benign extramedullary spinal tumors 
are readily treatable. The lateral spinal thalamic 
tracts are responsible for the conduction of pain 
impulses up the spinal cord. These tracts are sit
uated in the lateral white columns of the spinal 
cord (see p. 141). Postural sense and vibration 
sense are conducted up the spinal cord in the 
posterior white column through the fasciculus 
cuneatus 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 plan
tar responses were due to the pressure on the 
descending 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 fracture dislocation of the 9th thoracic vertebra 
would result in severe damage to the 10th tho
racic segment of the spinal cord. The unequal 
sensory and motor losses on the two sides indi
cate a left hemisection of the cord. The narrow 
band of hyperesthesia on the left side was due 
to the irritation 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 the 10th thoracic 
segment; that is, all afferent fibers entering the 
cord at that point were interrupted. The loss of 
pain and thermal sensibilities and the loss of light 
touch 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. 

4. This patient has the early signs and symptoms 
of syringomyelia. The gliosis and cavitation had 
resulted in interruption of the lateral and anterior 
spinothalamic tracts as they decussated in the 
anterior gray and white commissures of the spinal 
cord at the level of the eighth cervical and first 
thoracic segments of the spinal cord. Because of 
uneven growth of the cavitation, the condition was 
worse on the left side than the right. Because tactile 
discrimination was normal in both upper limbs, the 
fasciculus cuneatus in both posterior white col
umns was unaffected. This dissociated sensory loss 
is characteristic of this disease. 

5. The peculiar stamping gait and the swaying posture 
on closing the eyes are the characteristic signs of 
loss of appreciation of proprioceptive sensation 
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 columns. Further 
questioning of this patient indicated that he had 
been treated for syphilis. The diagnosis was tabes 
dorsalis. 

6. The treatment of intractable pain in terminal can
cer is a difficult problem. Narcotic drugs with their 
strong analgesic action are generally used. The 
likelihood that these drugs will be habit-forming is 
accepted In a dying patient. Alternative treatments 
include the continuous infusion of morphine directly 
into the spinal cord (seep. 164) or the surgical sec
tion of the nerve fibers carrying the sensations of 
pain into the nervous system. The techniques of 
posterior rhizotomy and cordotomy are described 
on page 164. 

7. Spinal shock ls a temporary Interruption of physi
ologic 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 sud
den interruption of the influence of the higher cen
ters on the local segmental reflexes. Whatever the 
cause, it usually disappears after 1 to 4 weeks. The 
condition is characterized by 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 flex
ion follow severe injury to the spinal cord. Para
plegia in extension indicates an increase in the 
extensor muscle tone owing to the overactivity of 
the 'Y efferent nerve fibers to the muscle spindles 
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 flexion 
occurs where the reflex responses are flexor in 



nature when a noxious stimulus is applied. Recall 
that paraplegia in extension and paraplegia in 
flexion occur only after spinal shock has ceased. 
Paraplegia in extension may change to paraplegia 
in flexion if the damage to the spinal cord becomes 
more extensive and the vestibulospinal tracts are 
destroyed. 

8. If this patient is assumed to have a lesion in the 
left internal capsule following a cerebral hem
orrhage, the corticospinal fibers would have 
been interrupted as they descended through the 
posterior limb of the internal capsule. Because 
most 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. Interruption of these corticospinal fibers 
would have produced the following clinical signs: 
(a) a positive Babinski sign; (b) loss of super
ficial 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 subcor
tical centers would produce the following clin
ical 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 demonstrated); and (d) clasp
knlfe reaction, which may be felt In the paralyzed 
muscles. 

9. A lateral radiograph of the thoracic part of the 
vertebral column showed a fracture dislocation 
involving the 10th vertebra. The first lumbar seg
ment of the spinal cord ls related to this vertebra. 
The first lumbar dermatome overlies the inguinal 
ligament, and total anesthesia over the right liga
ment would suggest a partial lesion of the spinal 
cord involving the total sensory input at that 
level. Loss of tactile discrimination and vibratory 
and proprioceptive senses in the right leg was 
caused by interruption of the ascending tracts in 
the posterior white column on the right side of the 
spinal cord. Loss of pain and temperature senses 
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. Loss of tactile 
sense in the skin of the left leg was caused by 
the destruction of the crossed anterior spinotha
lamic tracts on the right side. Spastic paralysis of 
the right leg and the right-sided ankle clonus were 
due to the interruption of the right-sided descend
ing tracts other than the corticospinal tracts. The 
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right-sided Babinski response 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 12 hours were due to 
spinal shock. 

10. The spinal cord occupies the vertebral canal of 
the vertebral column, and therefore, under nor
mal circumstances, it is well protected. Unfortu
nately, 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, the bone can damage the cord and sever 
it just as a knife cuts through butter. All patients 
suspected of having an injury to the spine must 
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 for transportation to the 
nearest medical center. 

11. Urinary Infection secondary to bladder dysfunction 
is extremely common in paraplegic patients. The 
patient has not only lost control of the bladder but 
also does not know when it is full. An indwelling 
Foley catheter is placed in the bladder immediately 
for continuous drainage, and antibiotic therapy is 
instituted. 

Bedsores are very common in patients who have 
lost all sensory perception over their bony points, 
such as the lschlal tuberosltles 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 ls 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 
vitamins. 

Muscle spasms occur in paraplegia in extension 
or paraplegia in Hexion and may follow only minor 
stimuli. The cause is unknown, but neuronal irrita
tion at the site of Injury may be responsible. Warm 
baths are helpful, but, occasionally, in extreme 
cases, nerve section may be necessary. 

Pain occurs in the anesthetic areas in about 25% 
of patients who have a complete section of the spi
nal cord. The pain may be burning or shooting and 
superficial, or deep visceral. Here again, neuronal 
Irritation at the site of Injury may be responsible. 
Analgesics should be tried, but in some indi
viduals, 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. 
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12. 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 Parkinson disease (paralysis 
agltans) certain. Degenerative lesions occur in 
the substantia nlgra and other subcortlcat nuclei, 
including the lentiform nucleus. The loss of nor
mal function of these subcortical areas and the 

8 Review Questions 

Directions: Each of the numbered items in this section 
is followed by answers. Select the ONE lettered answer 
that is CORRECT. 

1. The following statements concern the spinal cord: 
(a) The anterior and posterior gray columns on the 

two sides are united by a white commissure. 
(b) The terminal ventricle ls the expanded lower 

end of the fourth ventricle. 
(c) The larger nerve cell bodies in the anterior gray 

horns give rise to a efferent nerve fibers In the 
anterior roots. 

( d) The substantia gelaUnosa groups of cells are 
located at the base of each posterior gray column. 

(e) The nucleus dorsalis (Clarke column) is a group 
of nerve cells found in the posterior gray column 
and restricted to the lumbar segments of the cord. 

2. The following statements concern the white col
umns of the spinal cord: 
(a) The posterior sptnocerebellar tract ls situated 

in the posterior white column. 
(b) The anterior splnothalamlc tract ls found In the 

anterior white column. 
(c) The lateral splnothalamlc tract is found in the 

anterior white column. 
( d) The fasciculus gracllls Is found in the lateral 

white column. 
(e) The rubrospinal tract is found in the anterior 

white column. 
3. The following statements concern the spinal cord: 

(a) The spinal cord has a cervical enlargement for 
the brachial plexus. 

(b) The spinal cord possesses spinal nerves that 
are attached to the cord by anterior and pos
terior raml. 

(c) ln the adult, the spinal cord usually ends infe
riorly at the lower border of the fourth lumbar 
vertebra. 

( d) The llgamentum dentlculatum anchors the spi
nal cord to the pedicles of the vertebra along 
each side. 

(e) The central canal does not communicate with 
the fourth ventricle of the brain. 

absence of their Influence on the lower motor 
neurons are responsible for the increased tone 
and tremor. 

13. (a) Intention tremor occurs in cerebellar disease. 
(b) Athetosls occurs in lesions of the corpus strl
atum. (c) Chorea occurs in lesions of the corpus 
striatum. ( d) Dystonia occurs in disease of the len
tiform nucleus. (e) Hemiballismus occurs in disease 
of the opposite subthalamic nucleus. 

Directions: Matching Questions. Questions 4 through 9 
apply to the following figure. Match the numbers listed 
on the left with the appropriate lettered structure listed 
on the right. Each lettered option may be selected once, 
more than once, or not at all. 

4. Number 1 
5. Number2 
6. Number3 
7. Number4 
8. Numbers 
9. Number6 

3 

5 

(a) Nucleus proprius 
(b) Preganglionic sympathetic outflow 
(c) Nucleus dorsalis 
( d) Substantia gelatinosa 
( e) None of the above 

Directions: Each of the numbered Items in this section 
is followed by answers. Select the ONE lettered answer 
that is CORRECT. 

10. The following statements concern the cell of origin 
of the tracts listed below: 
(a) The fasciculus cuneatus arises from cells in the 

substantia gelatinosa. 
(b) The anterior spinothalamic arises from cells in 

the posterior root ganglion. 
(c) The fasciculus gracilis arises from cells in the 

nucleus dorsalis (Clarke column). 
( d) The anterior sptnocerebellar arises from cells 

In the posterior root ganglion. 
(e) The lateral spinothalamlc arises from cells In 

the substantla gelatlnosa. 



11. The following statements concern the courses 
taken by the tracts listed below: 
(a) The fasciculus gracilis does not cross to the 

opposite side of the neural axis. 
(b) The spinotectal tract does not cross to the 

opposite side of the spinal cord. 
(c) The lateral spinothalamic tract does not cross 

to the opposite side of the spinal cord. 
(d) The posterior spinocerebellar tract crosses to 

the opposite side of the neural axis. 
(e) The anterior spinothalamic tract immediately 

crosses to the opposite side of the spinal cord. 
12. The following statements concern the nucleus of 

termination of the tracts listed below: 
(a) The posterior white column tracts terminate in 

the Inferior colllculus. 
(b) The spinoreticular tract terminates on the neu

rons of the hippocampus. 
(c) The spinotectal tract terminates in the inferior 

colliculus. 
( d) The anterior spinothalamlc tract terminates in the 

ventral posterolateral nucleus of the thalamus. 
( e) The anterior spinocerebellar tract terminates in 

the dentate nucleus of the cerebellum. 
13. The following statements relate sensations with the 

appropriate nervous pathways: 
(a) Two-point tactile discrimination travels in the 

lateral splnothalamic tract. 
(b) Pain travels in the anterior spinothalamic tract. 
(c) Unconscious muscle joint sense travels in the 

anterior spinocerebellar tract. 
(d) Pressure travels in the posterior spinothalamic 

tract. 
(e) Vibration travels in the posterior spinocerebel

lar tract. 
14. The following statements concern the gating theory 

of pain: 
(a) Stimulation of small non-pain-conducting fibers 

in a peripheral nerve may reduce pain sensitiv
ity. 

(b) Massage applied to the skin over a painful joint 
may reduce pain sensitivity. 

(c) Stimulation of o A- and C-type fibers in a spinal 
nerve posterior root may decrease pain sensi
tivity. 

(d) Degeneration of large non-pain-conducting 
fibers in a peripheral nerve decreases pain sen
sitivity. 

(e) Inhibition of pain conduction in the spinal cord 
does not involve connector neurons. 

15. The following statements concern the reception of 
pain: 
(a) Serotonin is not a transmitter substance in the 

analgesic system. 
(b) Substance P is thought to be the neurotransmit

ter at the synapses where the first-order neuron 
terminates on the cells in the posterior gray 
column of the spinal cord. 

(c) Enkephalins and endorphins may stimulate 
substance P release in the posterior gray col
umn of the spinal cord. 
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( d) Many of the tracts conducting the initial, sharp, 
pricking pain terminate in the dorsal anterolat
eral nucleus of the thalamus. 

(e) The slow-conducting C-type fibers are responsi
ble for prolonged, burning pain. 

16. The following statements concern the corticospinal 
tracts: 
(a) They occupy the posterior limb of the internal 

capsule. 
(b) They are mainly responsible for controlling the 

voluntary movements in proximal limb muscles. 
( c) They arise as axons of the pyramidal cells In the 

fourth layer of the cerebral cortex. 
( d) Those that control the movements of the upper 

limb originate in the precentral gyrus on the 
medial side of the cerebral hemisphere. 

( e) Those that are concerned with the movements 
of the lower limb are located in the medial area 
of the middle three fifths of the basis peduncull. 

17. The following statements concern the course taken 
by the tracts listed below: 
(a) The rubrospinal tract crosses the midline of the 

neuroaxis in the medulla oblongata. 
(b) The tectosplnal tract (most of the nerve fibers) 

crosses the midline in the posterior commis
sure. 

(c) The vestibulospinal tract crosses the midline in 
the midbrain. 

(d) The lateral corticospinal tract crosses the mid
line in the medulla oblongata. 

(e) The anterior corticospinal tract crosses the 
midline in the midbrain. 

18. The following statements concern the nerve cells of 
origin for the tracts listed below: 
(a) The vestibulospinal tract originates from cells 

of the medial vestibular nucleus situated in the 
pons. 

(b) The tectospinal tract originates from cells In 
the inferior colliculus. 

(c) The lateral cortlcosplnal tract originates from 
cells in area 4 of the cerebral cortex. 

(d) The rubrospinal tract originates from cells in 
the reticular nucleus. 

(e) The reticulospinal tract originates from cells in 
the reticular formation that is confined to the 
mid brain. 

19. The following statements concern muscle move
ment: 
(a) Muscular fasciculation is seen only with rapid 

destruction of lower motor neurons. 
(b) Muscle spindle afferent nerve fibers send infor

mation only to the spinal cord. 
(c) In Parkinson disease, dopamine-secreting neu

rons that originate In the vestibular nucleus 
degenerate. 

( d) Brain neuronal activity preceding a voluntary 
movement is limited to the precentral gyrus 
(area 4). 

(e) Hyperactive ankle-jerk reflexes and ankle clo
nus indicate release of lower motor neuron 
supraspinal inhibition. 
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20. After a hemorrhage Into the left Internal capsule In a 
right-handed person, the following sign or symptom 
might be present: 
(a) Left homonymous hemianopia 
(b) Right astereognosis 
(c) Left hemiplegia 
(d) Nonnal speech 
(e) Left-sided positive Babinski response 

21. A patient with a traumatic lesion of the left half of 
the spinal cord at the level of the eighth cervical 
segment might present the following sign(s) and 
symptom(s): 
(a) Loss of pain and temperat\ll"e sensations on the 

left side below the level of the lesion 
(b) Loss of position sense of the right leg 
(c) Right hemiplegia 
(d) Left positive Babinski sign 
(e) Right-sided lower motor paralysis in the seg-

ment of the lesion and muscular atrophy 

Directions: Each of the numbered items in this section 
is followed by answers. Select the ONE lettered answer 
that is BEST in each case. 

22. Which of the signs and symptoms listed below Indi
cate a cerebellar lesion? 
(a) Cogwheel rigidity 
(b) Hemiballismus 
(c) Chorea 
(d) Intention tremor 
( e) Athetosis 

23. Which of the following regions of white matter 
would not contain cortlcosplnal fibers? 
(a) Pyramid of medulla oblongata 
(b) Lateral white column of the spinal cord 
(c) Cerebral peduncle of the midbrain 
(d) Anterior limb of the internal capsule 
(e) Corona radlata 

Directions: Each case history is followed by questions. 
Read the case history, then select the ONE BEST let
tered answer. 

A 59-year-old woman was experiencing pain In the back 
and showed evidence of loss of pain and temperature 
sensations down the back of her left leg. Three years 
previously, she underwent a radical mastectomy fol
lowed by radiation and chemotherapy for advanced 
carcinoma of her right breast . 

Examination showed that she was experiencing pain 
over the lower part of the back, with loss of the skin 
sensations of pain and temperature down the back of 
her left leg in the area of the Sl-S3 dermatomes. No 
other neurologic deficits were identified. Radiographic 
examination of the vertebral column showed evidence 
of metastases in the bodies of the 9th and 10th thoracic 
vertebrae. An MRI revealed an extension of one of the 
metastases Into the vertebral canal, with slight Indenta
tion of the spinal cord on the right side. 

24. The pain in the back could be explained in this 
patient by the following facts except: 
(a) Osteoarthritis of the joints of the vertebral 

column 
(b) Metastases In the bodies of the 9th and 10th 

thoracic vertebrae 
(c) Tumor pressure on the spinal nerve posterior 

roots 
(d) A prolapsed intervertebral disc pressing on the 

spinal nerves 
(e) Spasm of the postvertebral muscles following 

tumor pressure on the posterior white columns 
of the spinal cord 

25. Loss of pain and temperature sensations down the 
back of the patient's left leg in the area of the Sl-S3 
dermatomes could be explained by the following 
factual statements except 
(a) Lateral splnothalamic tracts In the spinal cord 

conduct the sensations of pain. 
(b) Lateral spinothalamlc tracts are laminated, with 

the sacral segments of the body located most 
laterally. 

(c) The sacral segments of the tracts are the 
most exposed to external cord pressure from a 
metastasizing tumor. 

(d) Loss of temperature sensations in the leg could 
be explained by tumor pressure on the anterior 
spinothalamic tract. 

26. The severe intractable pain In the back in this 
patient could be treated by the following methods 
ezcept: 
(a) Prescription of sallcylates In large doses 
(b) Intramuscular injection of morphine or even the 

direct Injection of the opiate into the spinal cord 
(c) Posterior rhlzotomy 
(d) Cordotomy 
(e) Injection of opiates into the subarachnoid space 

• Answers and Explanations to Review Questions 

1. C is correct. The larger nerve cell bodies In the ante
rior gray horns give rise to a efferent nerve fibers In 
the anterior roots. A. The anterior and posterior gray 
columns on the two sides of the spinal cord are united 
by a gray commissure formed of gray matter. B. The 
terminal ventricle Is the expanded lower end of the 
central canal. D. The substantla gelatinosa group of 
cells is located at the apex of each posterior gray col
umn throughout the length of the spinal cord. E. The 

nucleus dorsalis (Clarke column) is a group of nerve 
cells found In the posterior gray column and extend
ing from the eighth cervical segment of the cord to the 
third or fourth lwnbar segment. 

2. B Is correct. In the spinal cord, the anterior spi
nothalamlc tract is found in the anterior white 
column. A. The posterior splnocerebellar tract is 
situated in the lateral white column. C. The lateral 
spinothalamic tract is found in the lateral white 



column. D. The fasciculus gracilis is found in the 
posterior white column. E. The rubrospinal tract is 
found in the lateral white column. 

3. A is correct. The spinal cord has a cervical enlarge
ment for the brachial plexus (Fig. 4-5). B. The spinal 
cord possesses spinal nerves that are attached to 
the cord by anterior and posterior nerve roots. 
C. In the adult, the spinal cord usually ends inferi
orly at the lower border of the first lumbar vertebra. 
D. The ligamentum denticulatum anchors the spi
nal cord to the dura mater along each side. E. The 
central canal, which contains cerebrospinal fluid, 
communicates with the fourth ventricle of the brain. 

4. D Is correct. 
5. A is correct. 
6. C Is correct. 
7. B is correct. 
8. E is correct. The structure is the anterior gray horn. 
9. E is correct. The structure is the gray commissure. 

10. E is correct. In the spinal cord, the lateral spi
nothalamlc tract arises from cells in the sub
stantia gelatinosa. A. The fasciculus cuneatus 
arises from cells in the posterior root ganglion. 
B. The anterior spinal thalamic arises from cells in 
the substantia gelatinosa. C. The fasciculus gracilis 
arises from cells In the posterior root ganglion. 
D. The anterior spinocerebellar arises from cells in 
Clarke column. 

11. A is correct. The fasciculus gracilis does not cross 
to the opposite side of the neural axis. B. The 
spinotectal tract crosses to the opposite side of 
the spinal cord. C. The lateral spinothalamic tract 
crosses to the opposite side of the spinal cord. 
D. The posterior spinocerebellar tract does not 
cross to the opposite side of the spinal cord. E. The 
anterior spinothalamic tract crosses very obliquely 
to the opposite side of the spinal cord. 

12. D is correct. The anterior spinothalamic tract ter
minates in the ventral posterolateral nucleus of 
the thalamus. A. The posterior white column tracts 
terminate in the nucleus gracilis and cuneatus. 
B. The splnoretlcular tract terminates on the neu
rons of the reticular formation in the medulla, pons, 
and midbrain. C. The spinotectal tract terminates 
in the superior colliculus. E. The anterior spinoc
erebellar tract terminates in the cerebellar cortex. 

13. C is correct. Unconscious muscle joint sense trav
els in the anterior spinocerebellar tract. A. Two
point tactile discrimination travels in the fasciculus 
cuneatus. B. Pain travels in the lateral spinotha
lamic tract. D. Pressure travels In the anterior 
spinothalamic tract. E. Vibration travels in the fas
ciculus gracilis. 

14. B is correct concerning the gating theory of pain. 
Massage applied to the skin over a painful joint may 
reduce pain sensitivity. A. Stimulation of large non
pain-conducting fibers in a peripheral nerve may 
reduce pain sensitivity. C. Stimulation of ~ A- and 
C-type fibers in a spinal nerve posterior root may 
increase pain sensitivity. D. Degeneration of large 
non-pain-conducting fibers in a peripheral nerve 
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increases pain sensitivity. E. Inhibition of pain con
duction in the spinal cord could be brought about by 
means of connector neurons. 

15. E is correct. The slow-conducting C-type fibers are 
responsible for prolonged, burning pain. A. Sero
tonin is a transmitter substance in the analgesic 
system. B. Substance Pis a peptide and is thought 
to be the neurotransmitter at the synapses where 
the first-order neuron terminates on the cells in 
the posterior gray column of the spinal cord. 
C. Enkephalins and endorphins may inhibit the 
release of substance P In the posterior gray column 
of the spinal cord. D. Many of the tracts conducting 
the initial, sharp, pricking pain terminate in the ven
tral posterolateral nucleus of the thalamus. 

16. A is correct. The corticospinal tracts occupy the 
posterior limb of the internal capsule (Fig. 4-11). 
B. The corticospinal tracts are mainly responsible 
for controlllng the voluntary movements in the 
distal muscles of the limbs. C. They arise as axons 
of the pyramidal cells in the fifth layer of the cere
bral cortex. D. Those that control the movements 
of the upper limb originate in the precentral gyrus 
on the lateral side of the cerebral hemisphere. 
E. Those that are concerned with the movements of 
the lower limb are located in the lateral area of the 
middle three fifths of the basis pedunculi. 

1 7. D is correct. The lateral corticospinal tract crosses 
the midline in the medulla oblongata (Fig. 4-21). 
A. The rubrospinal tract crosses the midline of the 
neuroaxis in the midbrain. B. The tectospinal tract 
(most of the nerve fibers) crosses the midline in 
the mldbraln. C. The vestibulosplnal tract does not 
cross the midline and descends through the medulla 
oblongata and spinal cord in the anterior white 
column (Figs. 4-20 and 4-25). E. The anterior cortico
spinal tract crosses the midline in the spinal cord. 

18. C is correct. The lateral cortlcosplnal tract origi
nates from cells in area 4 of the cerebral cortex. 
A. The vestlbulosplnal tract originates from cells 
of the lateral vestibular nucleus situated in the 
pons. B. The tectospinal tract originates from cells 
in the superior colliculus. D. The rubrospinal tract 
originates from cells in the red nucleus. E. The 
reticulospinal tract originates from cells in the retic
ular formation in the midbrain, pons, and medulla 
oblongata. 

19. Eis correct. Hyperactive ankle-jerk reflexes and ankle 
clonus Indicate lower motor neuron release from 
supraspinal inhibition. A. Muscular fasciculation is 
seen only with slow destruction of the lower motor 
neurons. B. Muscle spindle afferent nerve fibers send 
information to the brain as well as to the spinal cord. 
C. In Parkinson disease, dopamine-secreting neurons 
decrease in the substantia nigra D. Brain neuronal 
activity preceding a voluntary movement is not lim
ited to the precentral gyrus (area 4). 

20. B is correct. Right astereognosis. A. Right homon
ymous hemianopia is seen. C. Right hemiplegia is 
present. D. Aphasia is present. E. A right-sided pos
itive Babinski response is seen. 
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21. Dis correct. Left positive Babinski sign is present. 
A. Pain and temperature sensations are lost on the 
right side below the level of the lesion. B. Position 
sense of the left leg is lost. C. Left hemiplegia is 
present. E. Left-sided lower motor paralysis is 
seen in the segment of the lesion and muscular 
atrophy. 

22. D is correct. Intention tremor is present. A. Cog
wheel rigidity occurs in Parkinson disease when 
the muscle resistance is overcome as a series of 
jerks. B. Hemiballismus is a rare form of involun
tary movement confined to one side of the body; 
it occurs in disease of the subthalamic nuclei. 
C. Chorea consists of a series of continuous, rapid, 
involuntary, jerky, coarse, purposeless movements, 
which may take place during sleep; it occurs with 
lesions of the corpus striatum. E. Athetosis consists 

of continuous, slow, involuntary, dysrhythmic move
ments that are always the same in the same individ
ual, and they disappear during sleep; lt occurs with 
lesions of the corpus striatum. 

23. D ls correct. The anterior limb of the Internal cap
sule does not contain corticospinal fibers. 

24. E is correct. Spasm of the postvertebral muscles 
would not be produced by pressure on the poste
rior white columns of the spinal cord. 

25. D ls correct. The sensation of temperature travels in 
the lateral spinothalamic tract along with the pain 
impulses. 

26. A is correct. Salicylates, such as aspirin, sodium 
salicylate, and diflunisal, are used clinically only 
for the relief of mild to moderate pain, as found 
in patients suffering from headache and dysmen
orrhea. 



Brainstem 

CHAPTER OBJECTIVES 

• To review the anatomy of the braJnstem 

• To develop a three-dimensional picture of the 
interior of the brainstem 

• To know the positions of several of the cranial nerve 
nuclei, the ollvary nuclear complex, and the paths 

A 58-year-old woman is referred to a neurologist because 
of recent onset of difficulty with walking. The neurologist 
notes that she stands and walks with her left arm flexed 
at the elbow and the left leg extended (left hemiparesis). 
While walking, she has difficulty flexing the left hip and 
knee and dorsiflexingthe ankle; theforward motion is pos
sible by swinging the left leg outward at the hip to avoid 
dragging the foot on the ground. Her left arm remains 
motionless. 

Neurologic examination shows no signs of facial paral
ysis, but tongue weakness is evident. On protrusion, the 
tongue deviates toward the right side (right hypoglossal 
nerve palsy). Cutaneous sensations are found to be nor
mal, but muscle joint sense, tactile discrimination, and 
vibratory sense on the left side of the body are impaired. 

Based on the neurologic findings, a diagnosis of right
sided medial medullary syndrome is made. The medial part 

SKULL ANATOMY 
Head injuries from blunt trauma and penetrating mis
siles are associated with a high mortality and disabling 
morbidity. Because of the close relationship that exists 
between the skull and the underlying brain and cranial 
nerves (CNs ). as well as their common involvement in 
many diseases, a brief review of the anatomy of the 
skull will first be considered. 

Adult Skull 
The skull is composed of several separate bones united 
at Immobile joints called sutures. The connective tissue 

taken by the various ascending and descending 
nerve tracts as they ascend to the higher brain 
centers or descend to the spinal cord 

• To assess the signs and symptoms presented by a 
patient and identify the exact location of a structural 
lesion 

of the right side of the medulla oblongata receives its arte
rial supply from the right vertebral artery. Occlusion of this 
artery or its branch to the medulla results in destruction of 
the right pyramid (left hemiparesis), destruction of the right 
hypoglossal nucleus and nerve {right hypoglossal palsy), 
and destruction of the medial lemniscus on the right side 
(left-sided loss of muscle joint sense, vibratory sense, and 
tactile discrimination). The absence of facial palsy showed 
that the facial nerve nuclei, the facial nerves, and the corti
cobulbar fibers to the facial nuclei were intact. The sparing 
of the sensations of touch, pain, and temperature showed 
that the spinal lemniscus was intact. 

This diagnosis is possible as the result of carefully sort
ing out the neurologic findings. A clear knowledge of the 
position and function of the various nerve tracts and nuclei 
in the medulla oblongata is essential before a clinician can 
reach a diagnosis in this case. 

between the bones is called a sutural ligament. The 
mandible is an exception, united to the skull by the 
mobile temporomandibular joint. 

The bones of the skull can be divided Into those 
of the cranium. and those of the face. The vault ls the 
upper part of the cranium, and the base of tile skull ls 
the lowest part of the cranium (Fig. 5-1). 

The skull bones are made up of eDemal and Inter
nal tables of compact bone separated by a layer of 
spongy bone called the cllptoe (Fig. 5-2). The internal 
table is thinner and more brittle than the external table. 
The bones are covered on the outer and inner surfaces 
with periosteum. 

185 
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The cranium consists of the following bones, two of 
which are paired (Fig. 5-3; also see Fig. 5-1): 

• Frontal bone 1 
• Parietal bones 2 
• Occipital bone 1 
• Temporal bones 2 
• Sphenold bone 1 
• Ethmoid bone 1 

The faclal bones consist of the following, two of 
which are single: 

• Zygomatlc bones 2 
• Maxillae 2 
• Nasal bones 2 
• Lacrimal bones 2 
• Vomer 1 

Lacrimal 

Optic canal 

OJbltal plate........ ~ 
>( \ 

eo ... ~ '""''° _, \ \ 
I \I 
\ \ 

I 

Frontozygomatic 
suture- --::--......... --:f 

Zygomatic 

Superior orbital 
fissure_.--

Frontal 

• Palatine bones 2 
• Inferior conchae 2 
• Mandible 1 

Although students do not need to know the detailed 
structure of each individual skull bone, they should be 
familiar with the skull as a whole. If possible, have a 
dried skull available for reference as you read the fol
lowing description. 

Antet'ior View 

The frontal bone, or forehead bone, curves downward 
to make the upper margins of the orbits (see Ftg. 5-1). The 
superdllary arch.ea can be seen on either side, and 
the 1npra.orbllal notch, or foremen, can be recognized. 
Medially, the frontal bone articulates with the frontal 

Nasal 

-.....__ 

/ Parletal 

Greater wing 
/.of sphenoid 

:A Zygomatlc proc:e$$ 
otfrontal 

~ Squamous temporal 

Zygomatlc 

Mastoid process 

Ramus of mandible 

\ ~ Bodyolmandl~e 

Symphysis menti 

F'igure 5-1 Bones of the anterior aspect of the skull. 
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SaQitlal suture 

Superficial vein of scalp 

~ Endosteal layer 
_,.,.. of dura mater 

"" Meningeal layer 
of dura mater 

Arachnoid 
Cerebral artery in 
subarachnold space 

Pia mater 

Cerebral cortex 

Figure S-2 Coronal section of the upper part of the head showing the layers of the scalp, 
the sagittal suture of the skull, the falx cerebri, the superior and inferior sagittal venous 
sinuses, the arachnoid granulations, the emissary veins, and the relation of cerebral blood 
vessels to the subarachnoid space. 

processes of the maxillae and with the nasal bones. 
Laterally, the frontal bone articulates with the zygo
matic bone. 

The orbital margins are bounded by the frontal bone 
superiorly, the zygomatlc bone laterally, the maxilla 
Inferiorly, and the processes of the maxilla and frontal 
bone medially. 

Within the frontal bone, just above the orbital mar
gins, are two hollow spaces lined with mucous membrane 
called the frontal air sln111e1. These communicate with 
the nose and serve as voice resonators. 

The two nual bones form the bridge of the nose. 
Their lower borders, with the maxillae, make the ante
rior nuaJ. aperture. The nasal cavity Is divided Into 
two by the bony nasal septum, which is largely formed 
by the vomer. The superior and middle concbae are 
shelves of bone that project into the nasal cavity from 
the ethmold on each side; the lnferlor conchae are 
separate bones. 

The two maxillae form the upper jaw, the anterior 
part of the hard palate, part of the lateral walls of the 
nasal cavities, and part of the floors of the orbital cav
ities. The two bones meet in the midline at the lnter
maxtnary suture and form the lower margin of the nasal 
aperture. Below the orbit, the maxilla is perforated by 
the lnfraorbltal foramen. The alveolar proceu projects 
downward and, together with the fellow of the opposite 
side, forms the alveolar arch, which carries the upper 

teeth. Within each maxilla Is a large, pyramid-shaped 
cavity lined with mucous membrane called the :mu:
lllary sinus. This communicates with the nasal cavity 
and serves as a voice resonator. 

The zygomatlc bone forms the prominence of the 
cheek and part of the lateral wall and floor of the orbital 
cavity. It articulates with the maxilla medially and with 
the zygomatic process of the temporal bone laterally to 
form the zygom.atlc arch. The zygomatic bone is per
forated by two foramina for the zygomaticofacial and 
zygomaticotemporal nerves. 

The mandible, or lower jaw, consists of a horizontal 
body and two vertical raml. 

Lateral View 
The frontal bone forms the anterior part of the side of 
the skull and articulates with the parietal bone at the 
coroD8l 1Uture (see Fig. 5-3). 

The parietal bones form the sides and roof of the 
cranium and articulate with each other in the mldline 
at the Mgittal suture. They articulate with the occipital 
bone behind, at the lambdold tuture. 

The skull is completed at the side by the squamous 
part of the ocdpltal bone; parts of the temporal bone, 
namely, the 1qoamoua, tympanfc, mutold proceM, 
stylold procea, and zygomadc process; and the greater 
wing of 1he sphenold. Note the posltlon of the external 
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auditory meatus. The ramus and body of the mandible 
lie inferiorly. 

Note that the thinnest part of the lateral wall of the 
skull Is where the anteroinferlor comer of the parietal 
bone articulates with the greater wing of the sphenotd; 
this point is referred to as the pterlon. 

Cllnlcally, the pterion ls an important area because it 
overlies the anterior division of the middle menlngeal 
artery and velD. 

Identify the superior and Inferior temporal llnee, 
which begin as a single line from the posterior margin of 
the zygomatic process of the frontal bone and diverge 
as they arch backward. The temporal foaa lies below 
the inferior temporal line. 

The lnfratemporal fol8a lies below the lnfratem
poral creat on the greater wing of the sphenotd. The 
pterygomutnary ll8lure ts a vertical fissure that lies 
within the fossa between the pterygold process of the 
sphenold bone and back of the ma.xllla. It leads medially 
into the pterygopalatlne foeea. 

The lnferlor orbilal flllure is a horizontal fissure 
between the greater wing of the sphenoid bone and the 
maxilla. It leads forward into the orbit. 

The pterygopalatlne foaa is a small space behind 
and below the orbital cavity. It communicates laterally 
with the infratemporal fossa through the pterygomax
tllary fissure, medially with the nasal cavity through 
the 1phenopalatlne foramen, superiorly with the skull 
through the foramen rotundum, and anteriorly with 
the orbit through the lnferlor orbital fllsure. 

Posterior View 

The posterior parts of the two parietal bones (Fig. S-4A) 
with the intervening l8gittal suture are seen above. 
Below, the parietal bones articulate with the squamous 
part of the occipital bone at the lambdold suture. 
On each side, the occipital bone articulates with the 
temporal bone. ht the midline of the occlpltal bone ts 
a roughened elevation called the ez.ternal occipital 
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protuberance, which gives attachment to muscles and 
the Ugamentum. nuchae. On either side of the protuber
ance, the superior nuchal lines extend laterally toward 
the temporal bone. 

Superior View 
Anteriorly, the frontal bone (see Fig. 5-48) articulates 
with the two parietal bones at the coronal suture. 
Occasionally, the two halves of the frontal bone fail to 
fuse, leaving a midline metoplc 1Uture. Behind, the two 
parietal bones articulate in the midline at the l8(llttal 
suture. 

Inferior View 

H the mandible is discarded, the anterior part of this 
aspect of the skull is seen to be formed by the bard 
palate (Fig. 5-5). 

The palatal processes of the maxtJJae and the hor
izontal plates of 1he palatine bones can be Identified. 
In the midline anteriorly Is the lndalve fo8la and fora
mea. Posterolaterally are the greater and leaser pala
tine foramlna. 

Above the posterior edge of the hard palate are the 
c:hoanae (posterior nasal apertures). These are separated 
from each other by the posterior margin of the vomer and 
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Figure 5-5 Inferior surface of the base of the skull. 



are bounded laterally by the medial pterygoid plates of 
the sphenoid bone. The inferior end of the medlal pter
ygold plate is prolonged as a curved spike of bone, the 
pterygold hamulus. 

Posterolateral to the lateral pterygold plate, the 
greater wing of the sphenoid is pierced by the large 
foramen ovale and the small foramen splnosom. Pos
terolateral to the foramen spinosum is the spine of the 
sphenold. 

Behind the spine of the sphenoid, in the interval 
between the greater wing of the sphenoid and the 
petrous part of the temporal bone, is a groove for the 
cartilaginous part of the auditory tube. The opening of 
the bony part of the tube can be Identified. 

The mandibular fo88a of the temporal bone and the 
articular tubercle form the upper articular surfaces for 
the temporomandibular joint. Separating the mandibu
lar fossa from the tympanic plate posteriorly is the squa
motympanlc fillllure, through the medial end of which 
the chorda tympani exits from the tympanic cavity. 

The stylold process of the temporal bone projects 
downward and forward from its inferior aspect. The 
opening of the carotid canal can be seen on the inferior 
surface of the petrous part of the temporal bone. 

The medial end of the petrous part of the temporal 
bone is irregular and, together with the basilar part of 
the occipital bone and the greater wing of the sphenoid, 
forms the foramen lacerum. During life, the foramen 
lacerum is closed with fibrous tissue, and only a few 
small vessels pass through this foramen from the cavity 
of the skull to the exterior. 

The tympanic plate, which forms part of the tem
poral bone, is C shaped on section and forms the bony 
part of the external auditory meatus. While examining 
this region, identify the suprameatal crest on the lateral 
surface of the squamous part of the temporal bone, the 
suprameatal biangle, and the suprameatal spine. 

In the interval between the styloid and mastoid pro
cesses, the stylomastold foramen can be seen. Medial 
to the styloid process, the petrous part of the temporal 
bone has a deep notch, which, together with a shallower 
notch on the occipital bone, forms the Jugular foramen. 

Behind the posterior apertures of the nose and in 
front of the foramen magnum are the sphenoid bone 
and the basilar part of the occipital bone. 

The occipital condyles should be identified; they 
articulate with the superior aspect of the lateral mass 
of the first cervical vertebra, the atlas. Superior to the 
occipital condyle is the hypogl08118.l canal for transmis
sion of the hypoglossal nerve (Fig. 5-6). 

Posterior to the foramen magnum in the midline ls 
the external occipital protuberance. 

Neonatal Skull 
The newborn skull (see Fig. 5-6), compared with the 
adult skull, has a disproportionately large cranium rel
ative to the face. In childhood, the growth of the man
dible, the maxillary sinuses, and the alveolar processes 
of the maxillae results In a great increase in length of 
the face. 
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The bones of the skull are smooth and unilaminar, 
there being no diploe present. Most of the skull bones 
are ossified at birth, but the process is incomplete, and 
the bones are mobile on each other, being connected 
by fibrous tissue or cartilage. The bones of the vault 
are not closely knit at sutures, as in the adult, but are 
separated by unossified membranous intervals called 
fontanelles. Clinically, the anterior and posterior fon
tanelles are most important and are easily examined in 
the mldline of the vault. 

The anterior fontanelle is diamond shaped and 
lies between the two halves of the frontal bone in 
front and the two parietal bones behind. The fibrous 
membrane forming the floor of the anterior fonta
nelle is replaced by bone and is closed by 18 months 
of age. The posterior fontanelle is triangular and 
lies between the two parietal bones in front and the 
occipital bone behind. By the end of the first year, 
the fontanelle is usually closed and can no longer be 
palpated. 

The tympanlc part of the temporal bone is merely 
a C-shaped ring at birth, compared with a C-shaped 
curved plate in the adult. The mastoid process is not 
present at birth (Fig. 5-7) and develops later In response 
to the pull of the sternocleidomastoid muscle when the 
child moves his or her head. 

The mandible has right and left halves at birth, 
united in the midline with fibrous tissue. The two 
halves fuse at the symphyllls mentl by the end of the 
first year. 

CRANIAL CAVITY 
The cranial cavity contains the brain and its surround
ing meninges, portions of the CNs, arteries, veins, and 
venous sinuses. 

Vault of the Skull 
The internal surface of the vault shows the coronal, 
saglttal, and lambdold sutures. In the midline Is a shal
low sagittal groove that lodges the superior sagittal 
sinus. Several narrow grooves are present for the ante
rior and posterior divisions of the middle meningeal 
vessela as they pass up the side of the skull to the 
vault. 

Base of the Skull 
The interior of the base of the skull (see Fig. 5-6) is 
divided into three cranial fossae: anterior, middle, and 
posterior. The anterior cranial fossa is separated from 
the middle cranial fossa by the lesser wing of the sphe
noid, and the middle cranial fossa Is separated from 
the posterior cranial fossa by the petrous part of the 
temporal bone. 

Anterior Cranial Fossa 
The anterior cranial fossa lodges the frontal lobes of 
the cerebral hemispheres. It is bounded anteriorly by 
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the inner surface of the frontal bone, and ln the mid
line is a crest for the attachment of the fah: cerebrl. 
Its posterior boundary is the sharp lesser wing of the 
sphenoid, which articulates laterally with the frontal 
bone and meets the anteroinferior angle of the parietal 
bone, or the pterion. The medial end of the lesser wing 
of the sphenotd forms the anterior cllnold proceu on 
each side, which gives attachment to the tentorlum 
cerebeW. The median part of the anterior cranial 
fossa ls Umited posteriorly by the groove for the optic 
chiasma. 

The floor of the fossa is formed by the ridged 
orbital plates of the frontal bone laterally and by 
the crlbrlform plate of the ethmoid medially (see 
Fig. 5-6). The crbta galll is a sharp upward projection 
of the ethmoid bone in the midline for the attachment 

of the falx cerebri. Between the crista galli and the 
crest of the frontal bone is a small aperture, the 
foramen cecum, for the transmission of a small vein 
from the nasal mucosa to the superior saglttal sinus. 
Alongside the crista galll ls a narrow sllt in the cribri
form plate for the passage of the anterior ethmoldal 
nerve Into the nasal cavity. The upper surface of the 
cribrlform plate supports the olfactory bulbs, and 
the small perforations in the cribriform plate are for 
the olfactory nervee. 

Middle Cranial Fossa 
The middle cranial fossa consists of a small median part 
and expanded lateral parts (see Fig. ~. The median 
raised part is formed by the body of the sphenoid, and 



A 

Posterior fontanelle 

B 
Stylcmastoid foramen 

Cranial Cavity 193 

Anterior fontanelle 

lntermaxillary suture 

Mandible 

~ Symphysis menti 

Anterior fontanelle 

Tympanic membrane Tympanic part cf temporal bone 

Figure 5-7 Neonatal skull as seen from the anterior (A) and lateral (B) aspects. 

the expanded lateral parts form concavities on either 
side, which lodge the temporal lobea of the cerebral 
hemispheres. 

It Is bounded anteriorly by the sharp posterior edges 
of the lesser wings of the sphenold and posteriorly by 
the superior borders of the petrous parts of the tem
poral bones. Laterally Ile the squamous parts of the 
temporal bones, the greater wings of the sphenoid, and 
the parietal bones. 

The fioor of each lateral part of the middle cranial 
fossa is formed by the greater wing of the sphenoid and 
the squamous and petrous parts of the temporal bone. 

The sphenoid bone resembles a bat having a cen
trally placed body with greater and leMer wings that 
are outstretched on each side. The body of the sphe
nold contains the 1phenold air lln'01e8, which are lined 

with mucous membrane and communicate with the 
nasal cavity; they serve as voice resonators. 

Anteriorly, the opllc canal transmits the optic 
nerve and the ophthalmic artery, a branch of the 
Internal carotid artery, to the orbit. The superior 
orbital fissure, which Is a slltUke opening between the 
lesser and greater wings of the sphenoid, transmits 
the lacrimal, frontal, trochlear, oculomotor, nasociU
ary, and abducens nerves, together with the superior 
ophthalmic vein. The sphenoparletal venous sinus 
runs medially along the posterior border of the lesser 
wing of the sphenoid and drains into the cavernous 
sinus. 

The foramen rotundum, which is situated behind 
the medial end of the superior orbital fissure, perfo
rates the greater wing of the sphenotd and transmits 
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the maxillary nerve from the trigeminal ganglion to the 
pterygopalatine fossa. 

The fora.men ovale Iles posterolateral to the foramen 
rotundum. It perforates the greater wing of the sphe
noid and transmits the large sensory root and small 
motor root of the mandibular nerve to the infratempo
ral fossa. 

The small fora.men splnosum lies posterolateral to 
the foramen ovale and also perforates the greater wing 
of the sphenoid. The foramen transmits the middle men
ingeal artery from the infratemporal fossa into the cra
nial cavity. The artery then runs forward and laterally in 
a groove on the upper surface of the squamous part of 
the temporal bone and the greater wing of the sphenoid. 
After a short distance, the artery divides into anterior 
and posterior branches. The anterior branch passes 
forward and upward to the anterolnferlor angle of the 
parietal bone (see Fig. 15-5). Here, the bone is deeply 
grooved or tunneled by the artery for a short distance 
before it runs backward and upward on the parietal 
bone. At this site, the artery may be damaged after 
a blow to the side of the head. The posterior branch 
passes backward and upward across the squamous part 
of the temporal bone to reach the parietal bone. 

The large and irregularly shaped fora.men lacerum 
lies between the apex of the petrous part of the tem
poral bone and the sphenoid bone (see Fig. 5-6). The 
inferior opening of the foramen lacerum in life is filled 
by cartilage and fibrous tissue, and only small blood 
vessels pass through this tissue from the cranial cavity 
to the neck. 

The carotid canal opens into the side of the foramen 
lacerum above the closed inferior opening. The internal 
carotid artery enters the foramen through the carotid 
canal and Immediately turns upward to reach the side 
of the body of the sphenoid bone. Here, the artery turns 
forward in the cavernous sinus to reach the region of 
the anterior clinoid process. At this point, the internal 
carotid artery turns vertically upward, medial to the 
anterior clinoid process, and emerges from the cavern
ous sinus (see Fig. 5-6). 

Lateral to the foramen lacerum ls an impression on 
the apex of the petrous part of the temporal bone for 
the trlgemlnal ganglion. On the anterior surface of the 
petrous bone are two grooves for nerves; the largest 
medial groove is for the greater petrosal nerve, a branch 
of the facial nerve; the smaller lateral groove is for the 
le&Bel' petrosa1 nerve, a branch of the tympanic plexus. 
The greater petrosal nerve enters the foramen Iacerum 
deep to the trigeminal ganglion and joins the deep petro
sal nerve (sympathetic fibers from around the internal 
carotid artery), to form the nerve of the pterygold 
canal. The lesser petrosal nerve passes forward to the 
foramen ovale. 

The abducens nerve bends sharply forward across 
the apex of the petrous bone, medial to the trigeminal 
ganglion. Here, it leaves the posterior cranial fossa and 
enters the cavernous sinus. 

The arcuate eminence is a rounded eminence 
found on the anterior surface of the petrous bone and 

is caused by the underlying auperior lleDllclrcular 
canal. 

The tegmen tympani, a thin plate of bone, is a for
ward extension of the petrous part of the temporal 
bone and adjoins the squamous part of the bone. From 
behind forward, it forms the roof of the mastoid antrum, 
the tympanic cavity, and the auditory tube. This thin 
plate of bone is the only major barrier that separates 
infection in the tympanic cavity from the temporal lobe 
of the cerebral hemisphere. 

The median part of the middle cranial fossa is 
formed by the body of the sphenoid bone. In front Is 
the sulcus chiumatis, which is related to the optic chi
asma and leads laterally to the optic canal on each side. 
Posterior to the sulcus is an elevation, the tuberculum 
sellae. Behind the elevation is a deep depression, the 
aella turclca, which lodges the hypophyaia cerebri. 
The sella turcica is bounded posteriorly by a square 
plate of bone called the donmm sellae. The superior 
angles of the dorsum sellae have two tubercles, called 
the posterior cllnold processes, which give attachment 
to the fixed margin of the tentorium cerebelli. 

The cavernous sinus is directly related to the side of 
the body of the sphenoid (see Fig. 5-6). It carries in its 
lateral wall the third and fourth CNs and the ophthalmic 
and maxillary divisions of the fifth CN (see Fig. 15-6). 
The internal carotid artery and the sixth CN pass for
ward through the sinus. 

Posterior Cranial Fossa 
The posterior cranial fossa is deep and lodges the 
parts of the hindbrain, namely, the cerebellum, 
pons, and medulla oblongata. Anteriorly, the fossa is 
bounded by the superior border of the petrous part of 
the temporal bone; posteriorly, it is bounded by the 
Internal surface of the squamous part of the occipital 
bone (see Fig. 5-6). The floor of the posterior fossa is 
formed by the basilar, condylar, and squamous parts 
of the occipital bone and the mastoid part of the tem
poral bone. 

The roof of the fossa is formed by a fold of dura, the 
tentorium cerebelli, which intervenes between the cer
ebellum below and the occipital lobes of the cerebral 
hemispheres above (see Fig. 15-3). 

The fora.men magnum occupies the central area of 
the floor and transmits the medulla oblongata and its 
surrounding meninges, the ascending spinal parts of 
the accessory nerves, and the two vertebral arteries. 

The hypogl088al canal is situated above the antero
lateral boundary of the foramen magnum (see Fig. 5-6) 
and transmits the hypogl088al nerve. 

The Jugular fora.men lies between the lower border 
of the petrous part of the temporal bone and the condy
lar part of the occipital bone. It transmits the following 
structures from before backward: the inferior petro
sal sinus; the 9th, 10th, and 11th CNs; and the large 
sigmoid sinus. The inferior petrosal sinus descends in 
the groove on the lower border of the petrous part of 
the temporal bone to reach the foramen. The sigmoid 
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Table 5-1 Important Openings in the Base of the Skull and the Structures That Pass Through Them 

Anterior Cranial Fo11a 

Perforations in c:ribrifonn plate 

Middle Cranial Foua 

Ethmoid _______ ___.J_o_ffaaorynerves 

Optic canal Lesser wing of sphenoid -_J Optic nerve, ophthalmic artery 

Superior orbital fissure Between lesser and grvater wings Lacrimal, frontal, trochlear oculomotor, nasocil-
of sphenoid iary. and abducttns nerves; superior ophthal

mic vein 

Foramen rotundum 

Foramen ovale 
---- Greater wing of sphenoid 

Greater wing of sphenoid 

Greater wing of sphenoid 

f Maxillary division of the trigeminal nerve 

Mandibular division of the trigeminal nerve. 
lesser petrosal nerve 

__ l Middle meningeal artery Foramen spinosum 

Foramen lacerum Between petrous part of temporal Internal carotid artery 

Posterior Cranial Fossa 

Foramen magnum 

and sphenoid 

Occipital Medulla oblongata. spinal part of accessory 
nerve, and right and left vertebral arteries 

[ Occipital 
--------....--

Hypo g Iossa I nerve Hypoglossal canal 

Jugular foremen Between petrous part of temporal 
and condylar part of occipital 

Glossopharyngeal, vagus, and accessory nerves; 
sigmoid sinus becomes internal jugular vein 

Internal acoustic meatus Petrous part of temporal 

sinus turns down through the foramen to become the 
Internal jugular vein. 

The Internal acoUllfc meatua pierces the posterior 
surface of the petrous part of the temporal bone. It 
transmits the vestibulocochlear nerve and the motor 
and sensory roots of the facial nerve. 

The Internal occipital crest runs upward In the mid
line posteriorly from the forarnen magnwn to the Inter
nal ocdpltal protuberance; it Is attached the small fah: 
cerebeW over the ocdpllal llnus. 

On each side of the internal occipital protuberance 
Is a wide groove for the tnmsvene sinus. This groove 
sweeps around on either side, on the internal surface of 
the occipital bone, to reach the posteroinferior angle 
or comer of the parietal bone. The groove now passes 
onto the mastoid part of the temporal bone; at this 
point, the transverse sinus becomes the llgmold 8lnus. 
The superior pelrOMI llnns runs backward along the 
upper border of the petrous bone In a narrow groove 
and drains into the sigmoid sinus. As the sigmoid sinus 
descends to the jugular foramen, it deeply grooves 
the back of the petrous bone and the mastoid part of 
the temporal bone. Here, it lies directly posterior to the 
mastoid antrum. 

Table 5-1 summarizes the important openings in the 
base of the skull and the structures that pass through 
them. 

Vestibulocochlear and facial nerves 

Mandible 
The mandible, or lower jaw, Is the largest and strongest 
bone of the face, and it articulates with the skull at the 
temporomandlbular Joint (see Fig. 5-3). 

The mandible consists of a horseshoe-shaped body 
and a pair of raml (see Fig. 5-1). The body of the 
mandible meets the ramus on each side at the angle of 
1he mandible. 

INTRODUCTION TO THE BRAINSTEM 
The brainstem is made up of the medulla oblongata, 
the pons, and the midbrain and occupies the posterior 
cranial fossa of the skull (Fig. 5-8). It is stalklike in shape 
and connects the narrow spinal cord with the expanded 
forebraln (see Atlas Plates 1-8). 

The brainstem has three broad functions: (1) It 
serves as a conduit for the ascending tracts and 
descending tracts connecting the spinal cord to the 
different parts of the higher centers ln the forebraln; 
(2) it contains important reflex centers associated 
with the control of respiration and the cardiovascu
lar system and with the control of consciousness; 
and (3) it contains the important nuclei of CNs III 
through XII. 
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MEDULLA OBLONGATA 
The medulla oblongata connects the pons superiorly 
with the spinal cord inferiorly (see Fig. 5-8). The junc
tion of the medulla and spinal cord is at the origin of the 
anterior and posterior roots of the first cervical spinal 
nerve, which corresponds approximately to the level of 
the foramen magnum. The medulla oblongata is conical 
in shape, its broad extremity being directed superiorly 
(Fig. 5-9). The cen1ral canal of the spinal cord continues 
upward Into the lower half of the medulla; In the upper 
half of the medulla, It expands as the cavity of the 
fourth ventricle. 

On the anterior surface of the medulla is the anterior 
median fissure, which is continuous inferiorly with the 
anterlormedlan flume of the spinal cord (see flg. 5-9A). 
Swellings on each side of the median fissure are called 
the pyramids. The pyramids are composed of bundles 

" Fourth ventricle~~ • 

Medulla oblongata ' 
Gracile tubercle---_,,_:; iiii!i~I 

Transverse process of axis --

of nerve fibers, called cortlcosptnal fibers, which orig
inate In large nerve cells In the precentral gyrus of the 
cerebral cortex. The pyramids taper Inferiorly, and here 
the majority of the descending fibers cross over to 
the opposite side, forming the dec:useatloa of the pyra
mids. The anterior eUemal 8ftU8le ftben emerge from 
the anterior median fissure above the decussation and 
pass laterally over the surface of the medulla oblongata 
to enter the cerebellum. Posterolateral to the pyramids 
are the olivea, which are oval elevations produced by 
the underlying Inferior ollvary nuclei. In the groove 
between the pyramid and the olive emerge the rootlets 
of the hypoglossal nerve. Posterior to the olives are 
the lnferlor cerebellar peduncles, which connect the 
medulla to the cerebellum. In the groove between 
the olive and the inferior cerebellar peduncle emerge 
the roots of the glossopharyngeal and vagus nerves 
and the cranial roots of the accessory nerve. 

Trochlear nerve 

~-- Spinal part of 
accessory nerve 

Vertebral artery 

Figure 5-8 Posterior view of the brainstem after removal of the occipital and parietal bones and 
the cerebrum, the cerebellum, and the roof of the fourth ventricle. Laminae of the upper cervical 
vertebrae have also been removed. 
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Figure 5-9 Medulla oblongata. A: Anterior view. B: Posterior view. Note that the roof of the 
fourth ventricle and the cerebellum have been removed. 

The posterior surface of the superior half of the 
medulla oblongata forms the lower part of the floor of 
the fourth ventrlde (see Fig. 5-98). The posterior sur
face of the inferior half of the medulla is continuous with 
the posterior aspect of the spinal cord and possesses a 
posterior median solcm. On each side of the median 
sulcus. an elongated swelling, the gracile tubercle, is 
produced by the underlying graclle nudeu. Lateral to 
the gracile tubercle is a similar swelling, the cuneate 
tubercle, produced by the underlying cuneate nucle118. 

Internal Structure 
As In the spinal cord, the medulla oblongata con
sists of white matter and gray matter, but a study of 

transverse sections of this region shows that they 
have been extensively rearranged. This rearrangement 
can be explained embryologlcally by the expansion of 
the neural tube to form the hlndbraln. vesicle, which 
becomes the fourth ventricle {Fig. 5-10). The extensive 
lateral spread of the fourth ventricle results in an 
alteration in the position of the derivatives of the alar 
and bual plats of the embryo. To assist in under
standing this concept, remember that, in the spinal 
cord, the derivatives of the alar and basal plates are 
situated posterior and anterior to the sulcua llmlbml, 
respectively; In the case of the medulla oblongata, 
they are situated lateral and medial to the sulcus lim
itans, respectively. 
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Figure 5·10 Stages in the development of the spinal cord (A-D) and the medulla 
oblongata (E, F). The neural crest cells will form the first afferent sensory neurons in the 
posterior root ganglia of the spinal nerves and the sensory ganglia of the cranial nerves. 

The internal structure of the medulla oblongata Is 
considered at four levels: (1) level of decussatlon of pyr
amids, (2) level of decussatlon of lenmlsci, (3) level of the 
olives, and ( 4) level just inferior to the pons. Table 5-2 
compares the different levels of the medulla oblongata 
and the major structures present at each level. 

cortlcospinal fibers occupy and form the pyramid, but 
inferiorly, about three-fourths of the fibers cross the 
median plane and continue down the spinal cord in the 
lateral white column as the lateral corticosplnal tract. 
As these fibers cross the midline, they sever the conti
nuity between the anterior column of the gray matter of 
the spinal cord and the gray matter that surrounds the 
central canal. 

Level of Pyramid Decuuatfon 
A transverse section through the inferior half of the 
medulla oblongata (Figs. 5-1 lA and S-12) passes through 
the decuuadon of the pyramids, the great motor 
decussatlon. In the superior part of the medulla, the 

The fuclculua gracllls and the fud.culua cuneatua 
continue to ascend superiorly posterior to the central 
gray matter. The nucleu gradll8 and the nucleus 
cunealU.8 appear as posterior extensions of the central 
gray matter. 
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TableS-2 Levels of the Medulla Oblongata and Their Major Structures• 

DecussatioJ Central 
of pyra- canal 
mids 

Decussation Central 
of medial canal 
lemnisci 

- I 

Nucleus gracilis, nucleus 
cuneatus, spinal nucleus of 
CN V, accessory nudeus 

Nucleus gracilis, nucleus 
cuneatus, spinal nucleus of 
CN V, accessory nudeus, 
hypoglossal nucleus 

Decussation of 
c:orticospinal 

___!!acts, pyramids 

Pyramids 

Spinal tract of CN V, posterior spinoc
erebellar tract, lateral spinothalamic 
tract, anterior spinocerebellar tra~ 

Dec:ussation of medial lemnisci, fascic· 
ulus gracilis, fesciculus cuneetus, spi
nal tract of CN V, posterior spinoc
erebellar tract, lateral spinothalamic: 
U'act, anterior spinoc:erebellar tract 

Olives, 
inferior 
cerebellar 
peduncle 

~urth 
I . -~entricle 

Inferior olivary nudeus, spinal Pyramids Medial longitudinal fasciculus, tecto
spinal tract, medial lemnisc:us, spinal 
tract of CN V, lateral spinothalamic 
tract, anterior spinocerebeller tract 

nucleus of CN V. vestibular 
nucleus, glossopharyngeal 
nucleus, vagel nudeus, 
hypoglossal nucleus, nucleus 

J 
Just inferior Fourth 

to pons ventricle 

ambiguus, nucleus of tractus ~ 
solitarius 

Lateral vestibular nucleus, 
cochlear nuclei 

No major changes in distribution of 
gray and white matter 

•Note that tile retlcular formation 11 preaent at all levels. 
CN, cranial nerve. 

The subetantla geladnoa In the posterior gray col
umn of the spinal cord becomes continuous with the 
Inferior end of the nucleus of the spinal tract of 1he 
trlgemlnal nerve. The fibers of the tract of the nucleus 
are situated between the nucleus and the surface of the 
medulla oblongata. 

The lateral and anterior white columns of the spinal 
cord are easily identified In these sections, and their 
fiber arrangement is unchanged. 

Level of Lemnisci Decuaation 

A transverse section through the Inferior half of the 
medulla oblongata. a short distance above the level 
of the decussation of the pyramids, passes through 
the decuuation of JemnlscJ, the great sensory decus
sation (Fig. ~13; also see Fig. ~118). The decussation 
of the lemnisci takes place anterior to the central gray 
matter and posterior to the pyramids. It should be 
understood that the lemnisci have been formed from 
the Internal arcoate ftben, which have emerged 
from the anterior aspects of the nucleus gracWs and 
nucleus cuneatus. The internal arcuate fibers first 
travel anteriorly and laterally around the central gray 
matter. They then curve medially toward the midllne, 
where they decussate with the corresponding fibers of 
the opposite side. 

The nucle\19 of the spinal tract of the bigemlnal 
nerve lies lateral to the internal arcuate fibers. The 
spinal tract of the trlgemlnal nerve lies lateral to the 
nucleus. 

The lateral and anterior splnothalamfc trad& and 
the splnotectal trads occupy an area lateral to the 
decussatlon of the lemniscl. They are very close to 
one another and collectively are known as the spinal 

lemnlscos. The splnocerebellar, vesdbulosplnal, and 
the rubrosplnal tracts are situated In the anterolateral 
region of the medulla oblongata. 

Level of the Ollvu 
A transverse section through the ollves passes across 
the Inferior part of the fourth ventricle (Figs. ~14 and 
~15). The amount of gray matter has Increased at this 
level owing to the presence of the ollvary nuclear com
plex; the nuclei of the vestlbulocochlear, glossopharyn
geal, vagus, accessory, and hypoglossal nerves; and the 
arcuate nuclei. 

OlltHJry Nactear Complex 
The largest nucleus of this complex is the lnferlor 
ollvary nucleU9. The gray matter is shaped like a crum
pled bag with its mouth directed medially; it is respon
sible for the elevation on the surface of the medulla 
called the ollve. Smaller donal and mecllal accea80ry 
ollvary nuclei also are present. The cells of the inferior 
ollvary nucleus send fibers medially across the mldltne 
to enter the cerebellum through the Inferior cerebellar 
peduncle. Afferent fibers reach the inferior olivary 
nuclei from the spinal cord (the splno-ollvary trada) 
and from the cerebellum and cerebral cortex. The func
tion of the ollvary nuclei is associated with voluntary 
muscle movement. 

Vestibulocochlear Nuclei 
The vestibular nuclear complex is made up of the fol
lowing nuclei: (1) medial vetdbular nucleus, (2) lnfe. 
rlor veldbular nucleus, (3) lateral veatlbular nucleus, 
and ( 4) superior ve8dbular nucleus. The details of 
these nuclei and their co1U1ectlons are discussed later. 
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Flgu ... 5-11 Transverse sections of the medulla oblongata • .A: Level of decussation of the 
pyramids. B: Level of decussation of the medial lemnisci. 
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Figure 5·12 Transverse section of the medulla oblongata at the level of decussation of the 
pyramids. (Weigert stain.) 
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Figure 5-13 Transverse section of the medulla oblongata at the level of decussation of the 
medial lemnisci. (Weigert stain.) 
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Figure 5-14 Transverse sections af the medulla oblongata at the level of the middle af the 
olivary nuclei (A) and the superior part af the olivary nuclei just inferior to the pons (B). 
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Figure 5-15 Transverse section of the medulla oblongata at the level of the middle of the 
olivary nuclei. (Weigert stain.) 

The medial and inferior vestibular nuclei can be seen on 
section at this level. 

The two cocblear nuclei are the anterior cochlear 
nucleus, situated on the anterolateral aspect of 
the Inferior cerebellar peduncle, and the poeterlor 
cochlear nucleus, situated on the posterior aspect of 
the peduncle lateral to the floor of the fourth ventricle. 
The connections of these nuclei are described later 
(see pp. 204-207). 

Nacleua Ambiguas 
The nucleus ambiguus consists of large motor neurons 
and is situated deep within the reticular formation 
(Fig. 5-16; also see Fig. 5-14). The emerging nerve fibers 
join the glossopharyngeal, vagus, and cranial part of 
the accessory nerve and are distributed to voluntary 
skeletal muscle. 

Central Gray Matter 
The central gray matter lies beneath the floor of the 
fourth ventricle at this level (see Figs. 5-14 and 5-15). 
Passing from medial to lateral (see Flg. 5-16), the 
following important structures may be recognized: 
(1) the hypoglOllal nucle ..... (2) the donal nucle .... 
of the vagu, (3) the nucleus of the tractul tolltarlu, 
and (4) the medial and Inferior vestibular nuclei. The 
nucleus ambiguus has become deeply placed within the 
reticular formation (see Fig. 5-14). The connections and 
functtonal significance of these nuclei are described ln 
Chapter 11. 

The arcuate nuclei are thought to be inferiorly 
displaced pondne nuclei (see pp. 206-207) and are 
situated on the anterior surface of the pyramids. They 
receive nerve fibers from the cerebral cortex and send 
efferent fibers to the cerebellum through the anterior 
eternal arcuate ftben. 

The pyramids containing the cortlcosplnal and some 
cortlconuclear fibers are situated ln the anterior part 
of the medulla separated by the anterior median fis
sure (see Figs. 5-14 and 5-15); the corticosplnal fibers 
descend to the spinal cord, and the cortlconuclear 
fibers are distributed to the motor nuclei of the CNs 
situated within the medulla. 

The medial Jemnbc:us forms a flattened tract on 
each side of the midline posterior to the pyramid (see 
Figs. 5-7 and 5-15). These fibers emerge from the decus
sation of the lemnisci and convey sensory information 
to the thalamus. 

The medial longltucllnal fudculus fonns a small 
tract of nerve fibers situated on each side of the mldllne 
posterior to the medial lemniscus and anterior to the 
hypoglossal nucleus (see Figs. 5-14 and 5-15). It consists 
of ascending and descending fibers, the connections of 
which are described on page 205. 

The Inferior cerebellar peduncle is situated in the 
posterolateral corner of the section on the lateral side 
of the fourth ventricle. 

The splnal tract of the trlgemlDa1 nerve and Its 
nucleu are situated on the anteromedial aspect of the 
Inferior cerebellar pedwtcle. 
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Figure 5-16 Position of the cranial neive nuclei within the brainstem. The hatched area indicates 
the position of the vestibular nuclei. 

The anterfor 1plnocerebellar tract is situated near 
the surface In the Interval between the Inferior ollvary 
nucleus and the nucleus of the spinal tract of the tri
gemlnal nerve. The 1plnal lemnllcus, consisting of the 
anterior 1plnothal•mlc, the lateral 1plnothalamlc, and 
splnotedal tn.cts, Is deeply placed. 

The rellcular formation, consisting of a diffuse 
mixture of nerve fibers and small groups of nerve cells, 
is deeply placed posterior to the olivary nucleus. The 
reticular formation represents, at this level, only a small 
part of this system, which is also present in the pons 
and midbrain. 

The glOMOpharyngeal, vagus, and cranial part of 
the acceuory nerves can be seen running forward and 
laterally through the reticular formation (see Fig. ~14). 
The nerve fibers emerge between the ollves and the 
Inferior cerebellar peduncles. The hypogloaal nerves 
also run anteriorly and laterally through the reticular 
formation and emerge between the pyramids and the 
olives. 

Level Jult Inferior to the Pons 
In comparison to the previous level, little changes in the 
distribution of the gray and white matter (see Figs. ~14 

and ~16). The lateral vestibular nucleus has replaced 
the Inferior vestibular nucleus, and the cochlear nuclei 
now are visible on the anterior and posterior surfaces 
of the Inferior cerebellar peduncle. 

PONS 
The pons is anterior to the cerebellum (Fig. ~17; see 
also Fig. 6-1) and connects the medulla oblongata to 
the midbrain. It is about 1 inch (2.5 cm) long and owes 
Its name to the appearance presented on the anterior 
surface, which is that of a bridge connecting the right 
and left cerebellar hemispheres. 

The anterior surface is convex from side to side and 
shows many transverse fibers that converge on each 
side to form the middle cerebellar peduncle. A shallow 
groove in the mldline, the basllar groove, lodges the 
basilar artery. On the anterolateral surface of the pons, 
the b:igemlnal nerve emerges on each side. Each nerve 
consists of a smaller, medial part, known as the motor 
root, and a larger, lateral part, known as the 9eDIOry 
root. In the groove between the pons and the medulla 
oblongata., from medial to lateral, the abducem, faclaL 
and vestlbulococblear nerves emerge. 
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Figure 5-17 Anterior surface of the brainstem showing the pons. 

The posterior surface of the pons is hidden from 
view by the cerebellum (Fig. 5-18). It forms the upper 
half of the floor of the fourth ventricle and Is triangular 
In shape. The posterior surface Is limited laterally by 
the superior cerebellar peduncles and Is divided Into 
symmetrical halves by a median salcu. Lateral to this 
sulcus is an elongated elevation, the medial eminence, 
which is bounded laterally by a sulcus, the lulcus 
llmltana. The inferior end of the medial eminence Is 
slightly expanded to form the fadal coWculue, which 
is produced by the root of the facial nerve winding 
around the nucleus of the abducens nerve (Fig. 5-19). 
The floor of the superior part of the sulcus llmltam is 
bluish-gray in color and is called the mbstanda ferru. 
glnea; it owes its color to a group of deeply pigmented. 
nerve cells. Lateral to the sulcus limitans is the area 
vetdbull produced by the underlying vestibular nuclei 
(see Fig. 5-18). 

Internal S'tructure 
For purposes of description, the pons is commonly 
divided into a posterior part, the tegmentum. and an 
anterior ba8al part by the transversely running fibers 
of the trapezoid body (see Fig. 5-19). 

The structme of the pons may be studied at two 
levels: (1) transverse section through the caudal part, 
passing through the facial coll1culus, and (2) transverse 

section through the cranial part, passing through the 
trigeminal nuclei. Table 5-3 compares the two levels of 
the pons and the major structures present at each level. 

Transvene Section Through the Caudal Part 
The medlal lemnlec:us rotates as it passes from the 
medulla into the pons. It is situated in the most anterior 
part of the tegmentum, with its long axis running trans
versely. The medial lemniscus is accompanied by the 
spinal and lateral lemnisci. 

The facial nucleu lies posterior to the lateral part 
of the medial lemniscus. The fibers of the facial nerve 
wind around the nudeue of the ahduceu nerve, pro
ducing the facial coWculua. The fibers of the facial 
nerve then pass anteriorly between the facial nucleus 
and the superior end of the nucleus of the spinal tract 
of the trlgemlnal nerve. 

The mecllal longltudlDal fudculus ls situated 
beneath the floor of the fourth ventricle on either side 
of the midline. The medial longltudlnal fasclculus is 
the main pathway that connects the vestibular and 
cochlear nuclei with the nuclei controlling the extra
ocular muscles { oculomotor, trochlear, and abducens 
nuclei). 

The medial ve8tlbular nucleus Is situated lateral to 
the abducens nucleus and is in close relationship to the 
inferior cerebellar peduncle. The superior part of the 
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Figure 5·18 Posterior surface of the brainstem showing the pons. The cerebellum has 
been removed. 

Cavity of fourth ve~ 
\ 

Medial longitudinal fasciculus \ 

\ Facial colliculus 

' 

Nucleus of 
abducent nerve 

~---_,_....--i---Molar nudeus~-----
of facial nerve _ 

Medial lemniscus-......--

.. 

\ 
1
superior medullary velum 

/ 
/ 

Superior cerebellar peduncle 

..../ VesHbular nuclel 'a ////Inferior cerebellar peduncle 
-·- __.- Reticular formation _ _..... 

----- - - Middle cerebellar ---11:-- peduncle 
--~~ 

-=----._ Spinal tract and 
nucleus of 
trlgemlnal nerve 

Figure 5-19 Transverse section through the caudal part of the pons at the level of the facial 
colliculus. 
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TableS-3 Levels of the Pons and Their Major Structures• 

Facial collie- Fourth ventricle Facial nudeus, abducens 
ulus nucleus, medial vestibular 

I 
nucleus, spinal nudeus of 
CN V, pontine nuclei, trap
ezoid nuclei 

Trigeminal Fourth ventricle Main sensory and motor 
nuclei nucleus of CN V, pontine 

1 nuclei, trapezoid nuclei 

'Note 1h•t 1he reticular form•'llon Is p~nt It •II levels. 
CN, cranial nerve. 

lateral and the inferior part of the superior vestibular 
nucleus are found at this level. The posterior and ante
rior cochlear nuclei are also found at this level. 

The aplnal nucleu of the trlgemlnal nerve and its 
tract lie on the anteromedial aspect of the inferior cer
ebellar peduncle. 

The ttapezold body Is made up of fibers derived 
from the cochlear nuclei and the nuclei of the trapezoid 
body. They run transversely In the anterior part of the 
tegmentum (seep. 210). 

The basilar part of the pons, at thls level, contains 
small masses of nerve cells called pontlne nuclei. The 
c:ortlcopondne ftben of the crus cerebrl of the mld
brain terminate in the pontine nuclei. The axons of these 
cells give origin to the transvene flben of the pons, 
which cross the midline and intersect the corticospinal 

Medial longHudlnal fasclcul~ 

Corticospinal and corticonuelear 
tracts, transverse pontine fibers, 
medial longitudinal fasciculus 

I Corticospinal and corticonuelear 
tracts, transverse pcntine fibers, 
medial longitudinal fasciculus 

Spinal tract of CN 
V; lateral, spinal, 
and medial lem
nisci 

1-

Lateral, spinal, and 
medial lemnisci 

and corUconuclear tracts, breaking them up into small 
bundles. The transverse fibers of the pons enter the 
middle cerebellar peduncle and are distributed to the 
cerebellar hemisphere. This connection forms the main 
pathway linking the cerebral cortex to the cerebellum. 

Trantverse Section Through the Cn111ial Part 

The internal structure of the cranial part of the pons 
is similar to that seen at the caudal level (Figs. 5-20 to 
5-22), but it now contains the motor and principal sen
sory nuclei of the trigemlnal nerve. 

The motor nucleus of the trlgemlnal nerve is sit
uated beneath the lateral part of the fourth ventricle 
within the reticular formation (see Figs. 5-20 and 5-21). 
The emerging motor fibers travel anteriorly through 

., 
'• Ret1cula•fonnallon\ 

Superior medullary velum 
/ 

/

..- Superior cerebellar peduncle 

I/) 

1; 
sp;nal 1emn1,../ / / 

Medial lemnlecus I 
Trapezoid body 

\ 
/ Cavity of fourth ventrk:le 

/ // 
- Motor nucleus of 

,,,.;" trigeminal nerve 
_.,,,. Main sensory nucteus 

"- .~_,,,- of trlgemlnal nerve 

/ Pontlne nuclei 

// /J Middle cerebellar 

~ ~~ :::ctaf 

trigeminal nerve 

\ 1 ,. 

\ , ... 

\ Motor root of 
I, trlgemlnal nerve 

Transverse pontlne fibers 

Bundles of cortic:ospinal and 
oorticonudeer fibers 

Figure S-20 Transverse section through the pons at the level of the trigeminal nuclei. 
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Figure S.21 Photomicrograph of a transverse section of the pons at the level of the trigeminal nuclei. 

the substance of the pons and exit on lts anterior 
surface. 

The princlpal sensory nucleus of the trigemlnal 
nerve is situated on the lateral side of the motor 
nucleus; it is continuous inferiorly with the nucleus 
of the spinal tract. The entering sensory fibers travel 

through the substance of the pons and lie lateral to the 
motor fibers (see Fig. 5-20). 

The 1Uperlor cerebellar peduncle is situated pos
terolateral to the motor nucleus of the trigeminal nerve 
(see Figs. 5-20 and 5-21). It is joined by the anterior 
splnoc:erebellar tract. 
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Figure 5-a2 Photomicrograph of a transverse section of the most ros1ral part of the pons. 



The trapezoid body and the medial Jemnl81'118 are 
situated In the same position as they were in the previ
ous section (see Fig. 5-20). The lateral and splDal lem
nlscl.lle at the lateral extremity of the medial lemniscus 
(see Figs. 5-20 and 5-22). 

MID BRAIN 
The midbrain measures about 0.8 in (2 cm) in length 
and connects the pons and cerebellum with the fore. 
brain (Fig. 5-23). Its long axis inclines anteriorly as it 
ascends through the opening in the tentorium cerebelll. 
The midbrain is traversed by a narrow channel, the 
cerebral aqueducl, which ls f1lled with cerebrosplnal 
fluid (Figs. 5-24 to 5-28). 

Tuber c:lnereum __ 
-.....,._ 

-"""'-......... Mammlllary body~-...__ _,_ ___ _ 

Midbrain 209 

On the posterior surface are four colllcull (corpora 
quadrigemina). These are rounded eminences that are 
divided into superior and inferior pairs by a vertical 
and a transverse groove (see Fig. 5-26). The superior 
colllcull are centers for visual refiexes (see p. 213), 
and the inferior colllcull are lower auditory centers. In 
the midline below the inferior colllcull, the trochlear 
nerves emerge. These are small-diameter nerves that 
wind around the lateral aspect of the mldbrain to enter 
the lateral wall of the cavernous sinus. 

On the lateral aspect of the rnidbrain, the superior 
and inferior brachia ascend in an anterolateral direction 
(see Fig. 5-23B). The tuperlor bracblmn passes from 
the superior colllculus to the lateral genlculate body 
and the optic tract. The Inferior brachium. connects the 
inferior colllculus to the medial genlculate bod.y. 
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Figure 5-23 The midbrain. A: Anterior view. B: Lateral view. 
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Figure 5-24 Transverse section of the midbrain through the inferior c:olliculi shows the 
division of the midbrain into the te<:tum and the cerebral peduncles. Note that the cerebral 
peduncles are subdivided by the substantia nigra into the tegmentum and the crus cerebri. 

On the anterior aspect of the midbrain, a deep 
depression in the midline, the lnterpedoncolar foMa, is 
bounded on either side by the cru cerebrl. Many small 
blood vessels perforate the floor of the interpeduncular 
fossa, and thts region ts termed the poeterlor perfo.. 
rated substance (see Fig. S-23A). The oculomotor nerve 
emerges from a groove on the medial side of the crus 
cerebri and passes forward In the lateral wall of the 
cavernous sinus. 

Internal Structure 
The mtdbraln comprises two lateral halves, called the 
cerebral peduncles; each of these ls divided into an 
anterior part, the crus cerebrt, and a posterior part, the 
tegmentum, by a pigmented band of gray matter, the 
sabltantia nlgra (see Figs. 5-24 and 5-25). The narrow 
cavity of the mldbrain Is the cerebral aqueduct, which 
connects the third and fourth ventricles. The tec:tum 
is the part of the midbrain posterior to the cerebral 
aqueduct; it has four small surface swellings referred to 
previously; these are the two auperlor and two IDferlor 
collfcoll. The cerebral aqueduct is lined by ependyma 
and is surrounded by the central gray matter. On trans
verse sections of the mldbrain, the tnterpedwicular 
fossa can be seen to separate the crura cerebrl, whereas 

the tegmentum is continuous across the median plane 
(see Fig. 5-24). 

Tl'WtlYerse Section of the Midbrain at the 
Level of the Inferior Colliculi 

The lDferior colllculus, conslstlng of a large nucleus of gray 
matter, Iles beneath the corresponding surface elevation 
and fonns part of the auditory pathway (see Figs. 5-25A and 
5-27). It receives many of the terminal fibers of the lateral 
lemniscus. The pathway then continues through the infe
rior brachium to the medial geniculate body. 

The trochlear nucleus ls situated In the central gray 
matter close to the median plane just posterior to the 
medial longitudinal faadculas. The emerging fibers 
of the trochlear nucleus pass laterally and posterlorly 
around the central gray matter and leave the midbraln 
just below the inferior colllcull. The fibers of the troch
lear nerve now decullale completely in the superior 
medullary velum. The me1e11cephallc nuclei of the 
b:igeminal nerve are lateral to the cerebral aqueduct. 
The decuaation of the mperlor cerebellar pedundea 
occupies the central part of the tegmentum anterior 
to the cerebral aqueduct. The re11colar formadon is 
smaller than that of the pons and Is situated lateral to 
the decussatlon. 
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Figure 5-25 Transverse sections of the midbrain. A: At the level of the inferior colliculus. 
B: At the level of the superior colliculus. Note that trochlear nerves completely decussate 
within the superior medullary velum. 

The medJal lemnllc:ua ascends posterior to the sub
stantia nigra; the spinal and trlgemlnal Jemnlad are 
situated lateral to the medial lemniscus (see Figs. 5-25 
and 5-27}. The lateral lemnllcua is located posterior to 
the trigeminal lemniscus. 

The aubltanda nlgra is a large motor nucleus sit
uated between the tegmentum, and the crus cerebrt 
and ls found throughout the mldbratn. The nucleus 
Is composed of medlwn-slze multlpolar neurons that 

possess inclusion granules of melanin pigment within 
their cytoplasm. The substantia nigra is concerned with 
muscle tone and is connected to the cerebral cortex. 
spinal cord, hypothalamus, and basal nuclei. 

The crm cerebrt. contains important descending 
tracts and is separated from the tegmentum by the 
substantla nlgra. The cortlcosplnal and cortlconuclear 
fibers occupy the middle two thirds of the crus. The fron
topontlne fibers occupy the medial part of the crus, and 
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Figure 5-28 Photomicrograph of a transverse section of the midbrain at the level of 
the superior colliculus. (Weigert stain.) 

the temporopontlne fibers occupy the lateral part of the 
crus. These descending tracts connect the cerebral cor
tex: to the anterior gray column cells of the spinal cord, 
the CN nuclei, the pons, and the cerebellum (Table 5-4). 

Transverse Section of the Mldbratn at the 
Level of the Superior Colllcull 

The snperlor colllculus (see Figs. 5-258 and 5-28), a 
large nucleus of gray matter that lies beneath the cor
responding surface elevation, forms part of the visual 
reflexes. It Is connected to the lateral genlculate body by 
the superior brachium. It receives afferent fibers from 
the optic nerve, the visual cortex, and the splnotectal 

tract. The efferent fibers form the tectospinal and 
tectobulbar tracts, which are probably responsible 
for the reflex movements of the eyes, head, and neck 
in response to visual stimuli. The afferent pathway for 
the light reflex ends in the pretectal nucleus. This is a 
small group of neurons situated close to the lateral part 
of the superior colllculus. After relaying In the pretectal 
nucleus, the fibers pass to the parasympathetic nucleus 
of the oculomotor nerve (Edinger-Westphal nucleus). 
The emerging fibers then pass to the oculomotor nerve. 
The ocalomotor nucleus Is situated. in the central gray 
matter close to the median plane, Just posterior to the 
medial longltu.dlnal fudculua. The fibers of the oculo
motor nucleus pass anteriorly through the red nucleus 

Table 5-4 Two Levels of the Midbrain and Their Major Structures• 

Inferior 
colliculi 

Superior 
colliculi 

Cerebral 
aqueduct 

Cerebral 
aqueduct 

Inferior colliculus, substantia 
nigra, trochlear nucleus, 

I ~esencephalic nuclei of 
L CNV 

Superior collic:ulus, substantie 
nigra, oculomotor nucleus, 
Edinger-WeS1.phal nucleus, 
red nucleus, mesencephalic 
nucleus of CN V 

•Note that the retlcular formation Is pniaant at all 1911811. 
CN, cranial nerve. 

Corticospinal and c:orticonuclear 
tracts, temporopontine, fron
topontine, medial longitudinal 
fasciculus 

Corticospinal and corticonuclear 
tracts, temporopontine, fron
topontine, medial longitudinal 
fasciculus, decussation of rubro
spinal tract 

Lateral, trigeminal, spinal, 
and medial lemnisci; 
decussation of superior 
cerebellar peduncles 

Trigeminal, spinal, and 
medial lemnisci 
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Figure 5-29 Position of some of the cranial nerve nuclei in the brainstem. A: Surface projection 
on the posterior aspect of the brainstem. B: Cross sections. The motor nuclei are in red and the 
sensory nuclei in blue. 

to emerge on the medial side of the crus cerebri in the 
interpeduncular fossa. The nucleus of the oculomotor 
nerve is divisible into a number of cell groups. 

The mecllal, spinal. and trlgemlDal lemnl@d form a 
cwved band posterior to the substantla nigra, but the 
lateral JemnhcJ.ls does not extend superiorly to this level. 

The reel nucleus is a rounded mass of gray mat
ter situated between the cerebral aqueduct and the 
substantla nlgra. Its reddish hue, seen in fresh speci
mens, is due to its vascularity and the presence of an 
iron-containing pigment in the cytoplasm of many of 
its neurons. Afferent fibers reach the red nucleus from 
(1) the cerebral cortex through the corticospinal fibers, 
(2) the cerebellum through the superior cerebellar 
peduncle, and (3) the lentiform nucleus, subthalamic 

and hypothalamic nuclei, substantia nigra, and spinal 
cord. Efferent fibers leave the red nucleus and pass to 
(1) the spinal cord through the rubrospinal tract (as 
this tract descends, it decussates), (2) the reticular 
formation through the rubroretlcular tract, (3) the thal
amus, and ( 4) the substantla nlgra. 

The reticular formation Is situated 1n the tegmen
tum lateral and posterior to the red nucleus. 

The c:rue c:erebrl contains the identical important 
descending tracts-the corticosplDal, corticonudear, 
and cortlcopontine flbe~that are present at the level 
of the Inferior colliculus (see Table 54). 

The continuity of the various CN nuclei through the 
different regions of the brainstem is shown diagrammat
ically in Figure 5-29. 



e Clinical Notes 

Clinical Significance of the Medulla Oblongata 
The medulla oblongata not only contains many cranial 
nerve (CN) nuclei that are concerned with vital functions 
(e.g., regulation of heart rate and respiration), but It also 
serves as a conduit for the passage of ascending and 
descending tracts connecting the spinal cord to the higher 
centers of the nervous system. These tracts may become 
irl. volved in dem.yeJinating diseases, neoplasms, and v1 scu
lar disorders. 

Raised Pressure In the Posterior Cranial Fossa 
The medulla oblongata Is situated In the posterior cranial 
fossa, lying beneath the tentorium cerebelli and above the 
foramen magnum. It is related anteriorly to the basal por
tion of the occlpltal bone and the upper part of the odon
totd process of the axis and posteriorly to the cerebellum. 

In patients with tumors of the posterior c ranial fossa, 
the !ntracranial pressure ts raised, and the brain-that is, 
the cerebellum and the medulla oblongata-tends to be 
pushed toward the area of least resistance; the medulla 
and cerebellar tonsils herniate downward through the 
forarnen magnum. This causes headache, ne<:k stiffness, 
and paralysis of the glossopharyngeaJ, vagus, accessory, 
and hypoglossal nerves owing to traction. ln these circum
stances, performing a lumbar punctnre la extremely dan
gerous because the sudden withdrawaJ of cerebrosplnal 
fluid (CSF) may precipitate further herniation of the brain 
through the foramen magnum and a sudden failure of vital 
functions, resulting from pressure and !schemta of the CN 
nuclei present in the medulla oblongata. 

Arnold-Chiari Phenomenon 
The Arnold-Chlarl malformation ls a congenltaJ anomaly 
in which there ls a hemlatton of the tonsils of the cerebel
lum and the medulla oblongata through the foramen mag
num Into the vertebral canal (Fig. 5-30). This results In the 
blockage of the exits in the roof of the fourth ventricle to 
the CSF, causing internal hydrocephalus. It is commonly 
associated with cranlovertebral anomalies or various forms 
of spina biflda. Signs and symptoms related to pressure on 
the cerebellum and medulla oblongata and involvement of 
the last four CNs are associated with this condition. 

Vascular Disorders 
The medulla oblongata is a heterogeneous collection of 
nuclei and tracts, and damage to different regions will ellclt 
the following syndromes. 

LATERAL MEDULLARY SYNDROME OF WAUENBERG 
The lateral part of the medulla oblongata ls s upplied by 
the posterior inferior cerebellar artery, which ls usually 
a branch of the vertebral artery. Thrombosis of either of 
these arteries (Fig. 5-31) produces the following signs and 
symptoms: dysphagia and dysarthria due to paralysis of the 
lpsllateral palatal and laryngeal muscles (lnnervated by the 
nucleus amblguus); analgesia and thermoanesthesla on 
the !psUateral side of the face (nu elev sand splnaJ tract of the 
trlgeminal nerve); vertigo, nausea. vomiting, and nystagmus 
(vestibular nuclei); ipsilateral Homer syndrome (desc:end
ing sympathetic fibers); ipsilateral cerebellar signs-gait 
and limb atuia (cerebellum or Inferior cerebellar peduncle); 
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Figure 5-30 Arnold-Chiari phenomenon. This coronal 
section of the skull shows the herniation of the cerebel
lar tonsil and the medulla oblongata through the fora
men magnum into the vertebral canal. (From Dudek, 
R. W •• & Louis, T. M. (2015). High-yield gross anatomy 
(5th ed.). Baltimore, MD: Wolters Kluwer.) 

and contraJateral loss of sensations of pain and temperature 
(splnaJ lenmlscus-spinothalamlc tract). 

MEDIAL MEDUUARY SYNDROME 
The medial part of the medulla oblongata Is supplied by 
the vertebral artery. Thrombosis of the medullary branch 
(Fig. 5-32) produces the following signs and symptoms: 
contralateral hemlparesis (pyramidal tract), contralateral 
impaired sensations of position and movement and tactile 
discrimination (medlal lemnlscus), and lpsllateral paraly
sis of tongue muscles with deviation to the paralyzed side 
when the tongue ls protruded (hypoglossal nerve). 

Clinical Significance of the Pons 
The pons, like the medulla oblongata and the cerebellum, is 
situated in the posterior cranial fossa lying beneath the ten
torlum cerebelll. It ls related anteriorly to the basilar artery, 
the dorsurn sellae of the sphenold bone, and the basilar part 
of the occipital bone. In addition to forming the upper half of 
the floor of the fourth ventricle, it possesses several Import
ant CN nuclei (trigeminal, abducens, facial, and vestibulo
cochJear) and serves as a conduit for important ascending 
and descending tracts (corticonuclear, cortlcopontlne, cor
ttcospinal, medial longitudinal fasciculus and medial, spinal, 
and lateral lemnlsci). Not surprisingly, therefore, tumors, 
hemorrhage, or infarcts in this area of the brain produce a 
variety of symptoms and signs. For example, involvement of 
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Figure 5-31 Transverse section of the medulla oblongata at the level of the inferior olivary nuclei 
showing the extent of the lesion producing the lateral medullary syndrome. 

the corticopontocerebellar tracts will produce marked cer
ebellar ataxia, and voluntary movements are accompanied 
by a rhythmic tremor that develops and becomes further 
accentuated as the movements proceed (Intention tumor). 

-----
Area supplied by vertebral artery ~------

Tumons 
Astrocytoma of the pons occunlng In childhood ls the 
most common tumor of the bralnstem. The symptoms and 
signs are those of ipsilateral CN paralysis and contralateral 
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Figure 5-32 Transverse section of the medulla oblongata at the level of the inferior olivary nuclei 
showing the extent of the lesion producing the medial medullary syndrome. 



hemiparesis: weakness of the facial muscles on the same 
side (facial nerve nucleus), weakness of the lateral rectus 
muscle on one or both sides ( abducens nerve nucleus), nys
tagmus (vestibular nucleus), weakness of the jaw muscles 
(trlgeminal nerve nucleus), impairment of hearing {cochlear 
nuclei), contralateral hemiparesis, quadriparesis {cortico
splnal fibers), anesthesia to light touch with the preservatton 
of appreciation of pain over the skin of the face (principal 
sensory nucleus of trlgemlnal nerve Involved, leaving sp~ 
nal nucleus and tract of trlgeminal Intact), and contralateral 
sensory defocts of the trunk and limbs (medial and spinal 
lemnisci). lnvolvement of the corticopontocerebellar tracts 
may cause lpsllateral cerebellar signs and symptoms. There 
may be impairment of conjugate deviation of the eyeballs 
due to Involvement of the medial longitudinal fasciculus, 
which connects the oculomotor, trochlear, and abducens 
nerve nuclei. 

Hemorrhage 
The pons is supplied by the basilar artery and the anterior, 
Inferior, and superior cerebellar arteries. It the hemorrhage 
occurs from one of those arteries and ls unilateral, facial 
paralysis on the side of the lesion (Involvement of the facial 
nerve nucleus and, therefore, a lower motor neuron palsy) 
and paralysis of the limbs on the opposite side (involve
ment of the cortlcosptnal fibers as they pass through the 
pons) will result. Paralysis of conjugate ocular deviation 
Onvolvement of the abducens nerve nucleus and the medial 
longitudinal fasclculus) is common. 

When the hemorrhage is extensive and bilateral, the 
pupils may be "pinpoint" (mvolvement of the ocular sym
pathetic fibers); bilateral paralysis of the face and the 
limbs ls common. The patient may become poWlotherm1c 
because severe damage to the pons has cut oH the body 
from the heat'ftgulatlng centers In the hypothalamus. 

Infarctions 
Usually, infarction of the pons is due to thrombosis or embo
llsm of the basilar artery or Its branches. It lt involves the 
paramedlan area of the pons, the cortlcospinal tracts, the 
pontine nuclei, and the fibers passing to the cerebellum 
through the middle cerebellar peduncle may be damaged. 
A laterally situated infarct will involve the trigeminal nerve, 
the medial lemnlscus, and the middle cerebellar peduncle; 
the cortlcosplnal fibers to the lower limbs also may be 
affected. 

The clinical conditions mentioned above will be 
understood more clearly lf the ascending and descend
ing tracts of the brain and spinal cord are reviewed (see 
Chapter4). 

Clinical Significance of the Midbrain 
The mtdbraln forms the upper end of the narrow stalk of 
the brain or brainstem. As It ascends out of the posterior 
cranial fossa through the relatively small rigid opening 
In the tentorlum cerebelll, it is wlnerable to traumatic 
Injury. It possesses two important CN nuclei (oculomo
tor and trochlear), reflex centers (the colliculi), and the 
red nucleus and substantla nlgra, which greatly lnfiuence 
motor function, and the midbrain serves as a conduit for 
many Important ascending and descending tracts. As In 
other parts of the braJnstem, it ls a site for tumors, hem
orrhage, or infarcts that will produce a wide variety of 
symptoms and signs. 
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Trauma 
Among the mechanisms of injuries to the mldbraln, a sud
den lateral movement of the head could result In the cere
bral peduncles impinging against the sharp rigid free edge 
of the tentorium cerebelli. Sudden movements of the head 
resulting from trauma cause different regions of the brain 
to move at different velocities relative to one another. For 
eumple, the large anatomical unit, the forebraln, may move 
at a different velocity from the remainder of the brain, such 
as the cerebellum. This will result in the midbrain being 
bent, stretched, twisted, or tom. 

Involvement of the oculomotor nucleus will produce 
lpsllateral paralysis of the levator palpebrae supertorls; the 
superior, Inferior, and medial rectus muscles; and the IDfertor 
oblique muscle. Malfunction of the parasympathetic nucleus 
of the oculomotor nerve produces a dilated pupil that ls 
insensitive to light and does not constrict on accommodation. 

Involvement of the trochlear nucleus will produce con
tralateral paralysis of the superior oblique muscle of the 
eyeball. Thus, Involvement of one or both of these nuclei, 
or the cortlconuclear fibers that converge on them, will 
cause impairment of ocular movements. 

Cerebral Aqueduct Blockage 
The cavity of the mldbrafn, the cerebral aqueduct, Is one of the 
narrower parts of the ventricular system. Normally, CSF that 
has been produced In the lateral and third ventricles passes 
through this channel to enter the fourth ventricle and so 
escapes through the foramlna In its roof to enter the subarach
nold space. In congenital hydrocephalus, the cerebral aque
duct may be blocked or replaced by numerous small tubular 
passages that are lnsulfldent for normal CSF flow. A tumor of 
the mldbraln (Fig. ~)or pressure on the mldbrain from a 
tumor arising outside the midbraln may compress the aque
duct and produce hydrocephalus. When the cerebral aqu~ 
duct Is blocked, the accwnulatlng CSF wtthln the third and 
lateral ventricles produces lesions In the mldbrain. The pres
ence of the oculomotor and trochlear nerve nuclei, together 
with the Important descending corticospinal and cortlconu
clear tracts, will provide symptoms and signs that are helpful 
in accurately localizing a lesion in the brainstem. 

Vascular Lesions 
The mldbraln houses CN m nuclei and serves as a conduit 
for all ascending and descending fibers between the cere
brum. and brainstem; lesions of each will result In the fol
lowing syndromes. 

WEBER SYNDROME 
Weber syndrome (see Ftg. 5-338), which ls commonly pro
duced by occlusion of a branch of the posterior cerebral 
artery that supplies the midbrain, results in the necrosis 
of brain tissue involving the oculomotor nerve and the 
crus cerebrl. lpsllateral ophthalmoplegta and cont.ralateral 
paralysis of the lower part of the face, the tongue, and the 
arm and leg also result. The eyeball is deviated laterally 
because of the paralysis of the medial rectus muscle; the 
upper lid droops (ptosis), and the pupil is dilated and fixed 
to light and accommodation. 

BENEDIKT SYNDROME 
Benedikt syndrome {see Fig. ~3C) is similar to Weber syn
drome, but the necrosis Involves the medial lemnlscus and 
red nucleus, producing contralateral hemlanesthesla and 
Involuntary movements of the limbs of the opposite side. 
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Figure 5-33 Pathology of the midbrain. A: Tumor of the midbrain blocking the cerebral 
aqueduct. B: Weber syndrome involving the oc:ulomotor nerve and the aus cerebri following 
occlusion of the blood supply to the midbrain. C: Benedikt syndrome involving the red 
nucleus and the medial lemniscus following occlusion of the blood supply to the midbrain. 

Medulla Oblongata 

• The medulla oblongata cormects the pons superiorly 
and spinal cord Inferiorly. On either side of the 
anterior median sulcus are the two pyramids that 
taper Inferiorly, whereas most fibers cross at the 
decussatlon of the pyramids. 

• Posterolateral to the pyramids are the olives, which 
are elevations produced by the underlying Inferior 
ollvary nuclei. 

• The medulla oblongata contains multiple CN and 
cerebellar nuclei, the ollvary nuclear complex, 
nucleus ambiguous, hypoglossal nucleus, vestlbulo
cochlear nucleus, dorsal nucleus of the vagus, and 

nucleus of the tractus solltartus, and spinal nucleus 
of the trigemlnal nerve. 

Pons 

• The pons is anterior to the cerebellum and connects 
the medulla oblongata to the midbrain. The anterior 
surface is convex, and the trigeminal nerve emerges 
anterolaterally. 

• The anterior or basal part of the pons consists of trans
versely rwming fibers, called the trapezoid body, and 
descending bundles of the cortlcosplnal tract. 

• The posterior part, or tegmentum, contains multiple 
nuclei, including facial, abducens, vestibular, 



pontine. trapezoid, and trigemlnal (main sensory, 
spinal, and motor). 

Midbrain 

• The midbrain connects the pons and the cerebellum 
with the forebrain. 

• The lateral halves, called the cerebral peduncles, 
are comprised of the crus cerebri, which contain 
corticospinal fibers, and the substantia nigra, a 
pigmented band of gray matter. 

f) Clinical Problem Solving 

1. While carrying out a physical examination of a 
patient with an intracranial tumor, the neurologist 
turns to a medical student and asks, "What signs 
or symptoms would you look for that would enable 
you to localize the tumor to the region of the 
medulla oblongata?" How would you have answered 
that question? 

2. A 6-month-old boy dies with hydrocephalus and a 
myelocele in the lower thoracic region. At autopsy, 
the hindbraln is found to be deformed. The lower 
part of the medulla oblongata extends inferiorly 
through the foramen magnum into the vertebral 
canal as far as the third cervical vertebra. The 
lower four cranial nerves are longer than normal, 
and the upper cervical nerve roots ascend to reach 
their exit from the vertebral canal. The cerebellum 
on the left side extends Inferiorly through the fora
men magnum to the third cervical vertebra, where 
it adheres to the spinal cord. The roof of the fourth 
ventricle ls abnormally low. (a) What ls the name of 
this malformation? (b) Is hydrocephalus common 
in this condition? (c) Is an association possible 
between the thoracic myelocele and the presence 
of part of the hindbraln in the vertebral canal? 

3. A 68-year-old man Is admitted to the hospital with 
the sudden onset of severe dizziness (vertigo), 
hiccups, and vomiting. He also complains of a hot, 
painful sensation in the skin of the right side of 
the face. On physical examination, the soft palate 
ts drawn up to the left side when the patient was 
asked to say "ah," and the right vocal cord lacked 
mobility as seen on laryngoscoplc examination. 
The patient also shows drooping of the right upper 
eyelid (ptosls), sunken right eye (enophthalmos), 
and a constricted right pupil (myosis). When asked 
to protrude his tongue straight out of his mouth, 
the patient tries to do so, but the tip of the tongue 
pointed to the right side. Impaired pain and tem
perature sensation is evident in the trunk and 
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• The cerebral aqueduct, which connects the third 
and fourth ventricles. passes through the mldbraln 
and divides the anterior (tegmentum) from the 
posterior (tectum). 

• The tectwn consists of four swellings. two superior 
and two Inferior collicull, that are associated with 
vision and hearing, respectively. 

• The mldbrain contains multiple nuclei including, 
inferior and superior colllculi, substantla nigra. 
trochlear, mesencephalic (trigeminal), oculomotor, 
Edinger-Westphal, and the red nucleus. 

extremities on the left side. Using your knowledge 
of anatomy, make the diagnosis. 

4. A pathologist, while exploring the posterior cranial 
fossa during an autopsy, is endeavoring to deter
mine where the 9th, the 10th, and the cranial part of 
the 11th cranial nerves emerge from the hlndbraln. 
Describe where these nerves emerge from the 
hindbrain. 

5. A 10.year-old girl ls taken to a physician because 
her mother has noticed that the right half of her 
face was weak and does not appear to react to emo
tional changes. Her mouth is pulled over slightly 
to the left, espedally when she is tired. On ques
tioning, the patient admits that food tends to stick 
inside her right cheek and that the right side of her 
face "felt funny." The mother had first noticed the 
facial changes 3 months previously, and the condi
tion has progressively worsened. On examination, 
definite weakness of the facial muscles on the right 
side Is noted; the facial muscles on the left side are 
normal. Skin sensation on stimulation of the face ls 
normal. On testing of the ocular movements, slight 
weakness of the lateral rectus muscle ls evident on 
the right side. Examination of the movements of 
the arm and leg shows slight weakness on the left 
side. Using your knowledge of neuroanatomy, relate 
these symptoms and signs to a lesion in the pons. 

6. A 65-year-0ld man is admitted to the emergency 
department with a diagnosis of a severe pontine 
hemorrhage. On examination, he is found to have 
bilateral "pinpoint" pupils and quadriplegia. How 
can you explain the presence of the "pinpoint" 
pupils? 

7. A 46-year-old man with symptoms of deafness, 
vertigo, and double vision (dlplopia) visits his phy
sician. On questioning, he says that he also suffers 
from severe headaches, which are increasing in fre
quency and severity. The week before, he vomited 
several times during one of the headache attacks. 
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On examination, he ls found to have a slight right 
Internal strabismus, a flattening of the skin fur
rows on the right side of his forehead, and a slight 
drooping of the right comer of his mouth. Hearing 
is impaired on the right side. On testing for sensory 
loss, sensory impairment is evident on the right 
side of the face in the areas supplied by the max
illary and mandibular divisions of the trigeminal 
nerve. Using your knowledge of anatomy, explain 
the symptoms and signs. 

8. After a severe automobile accident that results In 
the death of the driver of one of the vehicles, an 
autopsy Is performed, and the skull Is opened. A 
massive subdural hematoma is found In the mid
dle cranial fossa The rapid accumulation of blood 
within the skull had exerted pressure on the brain 
above the tentorium cerebelli. The uncus of the 
temporal lobe has been forced inferiorly through 
the hiatus in the tentorium cerebelli. What effect 
do you think these intracranial changes had on the 
mldbraln of this patient? 

9. A 3-month-old girl is taken to a pediatrician because 
her mother Is concerned about the large size of her 
head. The child is perfectly normal In every other 
respect. Examination of the child shows that the 
diameter of the head was larger than normal for 
the age; the fontanelles are larger than normal and 
are moderately tense. The scalp is shiny, and the 
scalp veins are dilated. The eyes are normal, and 
the mental and physical development of the child 
is within normal limits. Computed tomography and 
magnetic resonance imaging of the head reveal gross 
dilation of the third and lateral ventricles of the brain. 
What is your diagnosis? What possible treatment 
should be suggested to the mother of this child? 

10. A 20-year-old man is seen by a neurologist because 
he has a 3-month history of double vision. On exam
ination of the patient, both eyes at rest are turned 
downward and laterally. The patient is unable to 
move the eyes upward or medially. Both upper lids 

are drooping (ptosis). Examination of both pupils 
shows them to be dilated, and they do not con
strict when a light is shone into either eye. Facial 
movements and sensation are normal. Movements 
of the upper and lower limbs are normal. Loss of 
or altered skin sensations Is not evident In the 
upper or the lower limbs. Using your knowledge 
of neuroanatomy, make a diagnosis and accurately 
locate the site of the lesion. ls the lesion unilateral 
or bilateral? 

11. A 57-year-old man with hypertension Is admitted 
to the hospital with a diagnosis of hemorrhage 
Into the mldbraln, possibly from a branch of the 
posterior cerebral artery. He Is found, on physical 
examination, to have paralysis on the right side 
of the levator palpebrae superioris, the superior 
rectos, medial rectos, inferior rectos, and inferior 
oblique muscles. Furthermore, his right pupil is 
dilated and fails to constrict on exposure to light or 
on accommodation. The left eye is normal in every 
respect. He displays hypersensitivity to touch on 
the skin of the left side of his face and has loss of 
skin sensation on the greater part of his left arm and 
left leg. The left leg also displays some spontaneous 
slow writhing movements (athetosls). Using your 
knowledge of neuroanatomy, explain the signs and 
symptoms exhibited by this patient. 

12. A 41-year-old woman is diagnosed as having a 
lesion in the midbrain. Physical examination reveals 
an oculomotor nerve palsy on the left side (paraly
sis of the left extraocular muscles except the lateral 
rectos and the superior oblique muscles) and an 
absence of the light and accommodation reflexes 
on the left side. Some weakness ls evident but no 
atrophy of the muscles of the lower part of the face 
and the tongue on the right side. The right arm and 
leg show spastic paralysis. Sensory loss on either 
side of the head, trunk, or lbnbs Is not noted. Using 
your knowledge of neuroanatomy, precisely place 
the lesion in the midbrain of this patient. 

f; Answers and Explanations to Clinical Problem Solving 

1. Until involvement of one of the last four cranial 
nerves occurs, localization of a lesion to the medulla 
oblongata remains uncertain. For example, involve
ment of the main ascending sensory pathways or 
descending pathways may be caused by a lesion in 
the medulla, the pons, the midbrain, or the spinal 
cord. Involvement of the glossopharyngeal 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 demonstrates some or all of 
the following symptoms: Impairment of pharyngeal 
sensibility, difficulty In swallowing, nasal regurgi
tation 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 testing for this nerve alone 
Is not possible. The spinal part of the accessory 
nerve, which supplies the sternocleidomastoid and 
trapezius muscles, arises from the spinal cord and 
is therefore unaffected by tumors of the medulla. 
The hypoglossal nerve involvement may be tested 
by looking for wasting, fasciculation, and paralysis 
of half of the tongue. 

2. (a) 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-Chlarl 
malformation. (b) Yes. Hydrocephalus Is common 
In this condition. The hydrocephalus may be due 
to distortion or malformation of the openings In 
the roof of the fourth ventricle, which normally 
allow the cerebrospinal fluid to escape into the sub
arachnoid space. (c) Yes. A myelocele is commonly 



associated with this malformation. The reason for 
this is not exactly known, although several investiga
tors believe that the myelocele is the primary cause 
and that it tethers the lower part of the spinal cord to 
the surrounding tissues at the time when dispropor
tionate growth of the spinal cord and the vertebral 
column occurs. This would serve to pull the medulla 
oblongata 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 or vertebral 
artery on the right side. The vertigo is caused by 
the involvement of the cerebellum or the vestibular 
nuclei or both. The hot, painful skin sensations 
are due to the involvement of the spinal tract and 
nucleus of the trlgemlnal nerve on the right side. 
The abnormal movement of 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 myosls (Horner syndrome) are due to Involve
ment of the descending fibers of the sympathetic 
part of the autonomic nervous system. The tongue 
pointing to the right is caused by involvement of 
the right hypoglossal nucleus (the right genio
glossus muscle ls paralyzed). The loss of pain and 
temperature sensations on the opposite side of the 
body Is due to Involvement of the ascending lateral 
spinothalamic tracts. This characteristic clinical 
syndrome results from cutting off the arterial sup
ply to a wedge-shaped area in the posterolateral 
part of the medulla oblongata and the inferior sur
face of the cerebellum. 

4. The 9th, the 10th, and the cranial part of the 11th 
cranial nerves emerge from the medulla oblongata 
in a groove between the olives and the inferior cer
ebellar peduncles. 

5. 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 abducens nuclei by 
the tumor. The absence of paresthesia of the face 
indicated 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 corticospinal 
fibers in the pons. (Remember that most of these 
fibers cross over to the opposite side at the decus
sation of the pyramids in the medulla.) 

6. "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 out
flow occurs. 

7. The deafness and vertigo were due to lesions in 
the cochlear and vestibular nuclei in the upper 
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part of the pons. The double vision (diplopia) was 
produced by the involvement of the abducens 
nerve nucleus on the right side of the pons. The 
history of severe headaches and vomiting was 
due to a progressive rise In lntracranlal pressure 
caused by a tumor of the pons. The right unilateral 
facial palsy was due to 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 involve
ment of the principal sensory nucleus of the right 
trigemlnal nerve. 

8. The herniated uncus and the subdural hemorrhage 
caused pressure of the opposite crus cerebri of the 
midbrain against the sharp edge of the tentorium. 
The distortion of the midbrain caused narrowing of 
the cerebral aqueduct, further raising the supraten
torial pressure by blocking the passage of cerebro
splnal fluid from the third to the fourth ventricle. 
Under these circumstances, severe hemorrhage 
may occur within the midbrain and affect the third 
and fourth cranial nerve nuclei and various import
ant descending and ascending tracts. 

9. This child had hydrocephalus. The physical examina
tion and the special tests showed that the third and 
lateral ventricles of the brain were grossly dilated 
owing to the accumulation of cerebrospinal fluid 
(CSF) in these cavities. Mechanical obstruction to 
CSF flow from the third into the fourth ventricle 
through the cerebral aqueduct was present. After 
the possibility of the presence of cysts or resect
able tumors had been excluded, it was assumed 
that the cause of the obstruction was a congenital 
atresia or malformation of the cerebral aqueduct. If 
the condition were progressing-that is, the block 
in the aqueduct was complete and the head contin
ued to increase in size at an abnormal rate-some 
form of neurosurglcal procedure should have been 
performed to shunt CSF from the third or lateral 
ventricles Into the subarachnold space or Into the 
venous system of the neck. 

10. Two years later, the patient died. At autopsy, a large 
astrocytoma that involved the central part of the 
tegmentum at the level of the superior colliculi was 
found. The patient had exhibited all signs and symp
toms associated with a raised intracranial pressure. 
The raised pressure was due In part to the expand
ing tumor, but the problem was compounded by the 
developing hydrocephalus resulting from blockage 
of the cerebral aqueduct. 

The symptoms and signs exhibited by the patient 
when he was first seen by the neurologist could be 
explained by the presence of the tumor in the cen
tral gray matter at the level of the superior colllcull 
and involving the third cranial nerve nuclei on both 
sides. This resulted in bilateral ptosis; bilateral oph
thalmoplegia; and bilateral fixed, dilated pupils. The 
resting position of the eyes in a downward and lat
eral position was due to the action of the superior 
oblique muscle (trochlear nerve) and lateral rectus 
muscle (abducens nerve). 
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11. The patient had a hemorrhage In the right side of 
the tegmentum. of the midbraln that involved the 
right third cranial nerve. The ascending tracts of the 
left trlgeminal nerve also were Involved. After emerg
ing from the sensory nuclei of the left trigemlnal 
nerve. they cross the mldline and ascend through 
the trigeminal lemnlscus on the right side. The loss 
of sensation seen in the left upper and lower limbs 
was due to involvement of the right medial and spi
nal lemnisci. The athetoid movements 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 Chapter 4). 

e Review Questions 

Directions: Each of the numbered items in this section 
is followed by answers. Select the ONE lettered answer 
that is CORRECT. 

1. The following statements concern the anterior sur
face of the medulla oblongata; 
(a) The pyramids taper inferiorly and give rise to 

the decussation of the pyramids. 
(b) On each side of the midline, an ovoid swell

ing called the olive contains the corticospinal 
fibers. 

(c) The hypoglossal nerve emerges between the 
olive and the Inferior cerebellar peduncle. 

( d) The vagus nerve emerges between the pyramid 
and the olive. 

(e) The abducens nerve emerges between the pons 
and the midbrain. 

2. The following general statements concern the medulla 
oblongata: 
(a) The caudal half of the floor of the fourth ventri

cle is formed by the rostral half of the medulla. 
(b) The central canal extends throughout the length 

of the medulla oblongata. 
(c) The nucleus gracWs ts situated beneath the grac

tle tubercle on the anterior surface of the medulla. 
( d) The decussation of the medial lenmlscl takes 

place in the rostral half of the medulla 
(e) The cerebellum lies anterior to the medulla. 

3. The following statements concern the Interior of 
the lower part of the medulla: 
(a) The decussation of the pyramids represents the 

crossing over from one side of the medulla to 
the other of a quarter of the corticospinal fibers. 

(b) The central canal of the spinal cord is not con-
tinuous upward into the medulla. 

(c) The substantia gelatinosa is not continuous 
with the nucleus of the spinal tract of the tri
gemlnal nerve. 

12. Autopsy later revealed a vascular lesion Involving a 
branch of the posterior cerebral artery. Considerable 
brain softenlngwa.s found ln the region of the substan
tla nlgra and crus cerebrl on the left side of the mid
braln. The left oculomotor nerve was Involved as It 
passed through the lnfarcted area. The corticonuclear 
fibers that pass to the facial nerve nucleus and the 
hypoglossal nucleus were involved as they descended 
through the left crus cerebri (they cross the mldllne 
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 
lemntscl were untouched, which explains the absence 
of sensory changes on the right side of the body. This 
ts a good example of Weber syndrome. 

( d) The medial lenmiscus ts formed by the anterior 
splnothalamic tract and the splnotectal tract. 

(e) The internal arcuate fibers emerge from the 
nucleus gracilis and nucleus cuneatus. 

4. The following statements concern the interior of 
the upper part of the medulla: 
(a) The reticular formation consists of nerve fibers 

but no nerve cells. 
(b) The nucleus amblguus constitutes the motor 

nucleus of the vagus, cranial part of the acces
sory, and hypoglossal nerves. 

(c) Beneath the floor of the fourth ventricle are 
located the dorsal nucleus of the vagus and the 
vestibular nuclei. 

( d) The medial longitudinal fasclculus is a bundle 
of ascending fibers on each side of the midline. 

(e) The inferior cerebellar peduncle connects the 
pons to the cerebellum. 

5. The following statements concern the Amold-Chiari 
phenomenon: 
(a) It is an acquired anomaly. 
(b) The exits in the roof of the fourth ventricle may 

be blocked. 
(c) The cerebellum never herniates through the 

foramen magnum. 
( d) It ts not associated with various forms of spina 

bifida. 
(e) Performing a spinal tap In this condition is safe. 

6. The following statements concern the medial med
ullary syndrome: 
(a) The tongue ls paralyzed on the contralateral side. 
(b) Ipsilateral hemiplegia is evident. 
(c) Ipsilateral sensations of position and movement 

are impaired. 
( d) It is commonly caused by thrombosis of a branch 

of the vertebral artery to the medulla oblongata 
(e) Contralateral facial paralysis Is evident. 



7. The following statements concern the lateral med
ullary syndrome: 
(a) It may be caused by a thrombosis of the 

anterior Inf erlor cerebellar artery. 
(b) The nucleus amblguus of the same slde may be 

damaged. 
( c) Analgesia and thermoanesthesia may be evident 

on the contralateral side of the face. 
( d) Contralateral trunk and extremity hypalgesia 

and thermoanesthesia may occur. 
(e) Seizures may occur. 

Directions: Matching Questions. The following ques
tions apply to Figure 5-34. Match the numbers listed on 
the left with the appropriate lettered structure listed 
on the right. Each lettered option may be selected once, 
more than once, or not at all. 

8. Number 1 
9. Number 2 

10. Number3 
11. Number4 
12. Numbers 
13. Number6 

(a) Inferior cerebellar peduncle 
(b) Medial lemniscus 
(c) Hypoglossal nucleus 
( d) Reticular formation 
(e) None of the above 

Directions: Each of the numbered items in this section 
is followed by answers. Select the ONE lettered answer 
that ls CORRECT. 

14. The following statements concern the pons: 

5 

(a) The trigemlnal nerve emerges on the lateral 
aspect of the pons. 

(b) The glossopharyngeal nerve emerges on the 
anterior aspect of the bralnstem In the groove 
between the pons and the medulla oblongata. 

(c) The basilar artery lies in a centrally placed 
groove on the anterior aspect of the pons. 
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( d) Many nerve fibers present on the posterior aspect 
of the pons converge laterally to form the middle 
cerebellar peduncle. 

( e) The pons forms the lower half of the floor of the 
fourth ventricle. 

15. The following Important structures are located In 
the bralnstem at the level stated: 
(a) The red nucleus lies within the midbraln. 
(b) The facial colliculus lies in the cranial part of 

the pons. 
(c) The motor nucleus of the trigeminal nerve lies 

within the caudal part of the pons. 
( d) The abducens nucleus Iles within the cranial 

part of the pons. 
(e) The trochlear nucleus lies within the midbraln 

at the level of the superior colliculus. 
16. The following statements concern the posterior 

surface of the pons: 
(a) Lateral to the median sulcus is an elongated 

swelllng called the lateral eminence. 
(b) The facial colliculus ls produced by the root 

of the facial nerve winding around the nucleus 
of the abducens nerve. 

(c) The floor of the inferior part of the sulcus lim
itans is pigmented and is called the substantia 
ferruginea. 

( d) The vestibular area lles medial to the sulcus 
limttans. 

(e) The cerebellum Hes anterior to the pons. 
17. The following statements concern a transverse 

section through the caudal part of the pons: 
(a) The pontine nuclei Ile between the transverse 

pontlne fibers. 
(b) The vestibular nuclei lie medial to the abducens 

nucleus. 

Figure 5-34 Photomicrograph of transverse sec
tion of the medulla oblongata. (Weigert stain.) 
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( c) The trapezoid body Is made up of fibers derived 
from the facial nerve nuclei. 

( d) The tegmentum is the part of the pons lying 
anterior to the trapezoid body. 

(e) The medial longitudinal fasclculus lies above 
the floor of the fourth ventricle on either side 
of the midllne. 

18. The following statements concern a transverse sec
tion through the cranial part of the pons: 
(a) The motor nucleus of the trigeminal nerve lies 

lateral to the main sensory nucleus in the teg
mentum. 

(b) The medial lemntscus has rotated so that its 
long axis lies vertically. 

(c) BWldles of cortlcospinal fibers lie among the 
transverse pontlne fibers. 

( d) The medial longitudinal fasclculus joins the 
thalamus to the spinal nucleus of the trlgeminal 
nerve. 

(e) The motor root of the trigeminal nerve is much 
larger than the sensory root. 

19. The following statements concern the pons: 
(a) It is related superiorly to the dorsum sellae of 

the sphenoid bone. 
(b) It lies in the middle cranial fossa. 
(c) Glial tumors of the pons are rare. 
( d) The corticopontine fibers terminate in the pon

tlne nuclei. 
(e) The pons receives its blood supply from the 

Internal carotid artery. 

Directions: Matching Questions. The following ques
tions apply to Figure 5-35. Match the numbers listed on 

2 

4 

the left with the appropriate lettered structure listed on 
the right. Each lettered option may be selected once, 
more than once, or not at all. 

20. Number 1 {a) Basilar groove 
21. Number 2 (b) Medial longitudinal fasciculus 
22. Number 3 {c) Superior cerebellar peduncle 
23. Number 4 ( d) Superior medullary velwn 
24. Number 5 (e) None of the above 
25. Nwnber6 

Directions: Each of the numbered items ln this section 
is followed by answers. Select the ONE lettered answer 
that is CORRECT. 

26. The following statements concern the midbrain: 
(a) It passes superiorly between the fixed and free 

borders of the tentorium cerebelli. 
{b) The oculomotor nerve emerges from the poste

rior surface below the inferior collicull. 
(c) The superior brachium passes from the supe

rior colliculus to the medial geniculate body. 
( d) The cavity of the midbrain is called the cerebral 

aqueduct. 
( e) The interpeduncular fossa is bounded laterally 

by the cerebellar peduncles. 
27. The following statements concern the mtdbrain: 

(a) The oculomotor nucleus ts found within it at 
the level of the inferior colliculus. 

{b) The trochlear nerve emerges on the anterior 
surface of the midbraln and decussates com
pletely in the superior medullary velum. 

(c) The trochlear nucleus is situated in the central 
gray matter at the level of the inferior colliculus. 

Figure S-35 Photomicrograph of transverse section of the 
pons. (Weigert stain.) 



( d) The lemnisci are situated medial to the central 
gray matter. 

(e) The trlgemlnal lenmiscus lies anterior to the 
medial lemniscus. 

28. The following statements concern the internal 
structures of the midbrain: 
(a) The tectum is the part situated posterior to the 

cerebral aqueduct. 
(b) The crus cerebri on each side lies posterior to 

the substantia nigra. 
(c) The tegmentum lies anterior to the substantia 

nlgra. 
( d) The central gray matter encircles the red 

nuclei. 
(e) The reticular formation Is limited to the lower 

part of the mldbratn. 
29. The following statements concern the colllculi of 

the midbraln: 
(a) They are located in the tegmentum. 
(b) The superior colllculi are concerned wlth sight 

reflexes. 
( c) The inferior colliculi lie at the level of the oculo

motor nerve nuclei. 
( d) The inferior colliculi are concerned with reflexes 

of smell. 
(e) The superior colliculi lie at the level of the 

trochlear nuclei. 
30. The following statements concern the third cranial 

nerve nuclei: 
(a) The oculomotor nucleus Is situated lateral to 

the central gray matter. 
(b) The sympathetic part of the oculomotor nucleus 

is called the Edinger-Westphal nucleus. 
(c) The oculomotor nucleus lies posterior to the 

cerebral aqueduct. 
( d) The nerve fibers from the oculomotor nucleus 

pass through the red nucleus. 
(e) The oculomotor nucleus lies close to the lateral 

longitudinal fasclculus. 

Directions: Matching Questions. The following questions 
apply to Figure S-36. Match the numbers listed on the 
left with the appropriate lettered structure listed on 
the right. Each lettered option may be selected once, 
more than once, or not at all. 

31. Number 1 (a) Medial longitudinal fasciculus 
32. Number 2 (b) Inferior colliculus 
33. Number 3 (c) Medial lemniscus 
34. Number 4 ( d) Trochlear nucleus 
35. Number 5 (e) None of the above 
36. Number6 

Directions: Each case history is followed by questions. 
Read the case history, then select the ONE BEST 
lettered answer. 

A 63-year-old man complaining of difficulty In swal
lowing, some hoarseness of his voice, and giddiness 
was seen by a neurologist. All these symptoms started 
suddenly 4 days previously. On physical examination, 
he was found to have a loss of the pharyngeal gagging 
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Figure 5-36 Transverse section of the midbrain. 

reflex on the left side, left-sided facial analgesia, and 
left-sided paralysis of the vocal cord. 

37. Based on the cllnical history and the results of the 
physical examination, select the molt llkely diag
nosis. 
(a) Meningeal tumor in the posterior cranial fossa 

on the right side 
(b) Lateral medullary syndrome on the left side 
(c) Medial medullary syndrome on the left side 
( d) Lateral medullary syndrome on the right side 
(e) Medial medullary syndrome on the right side 

A 7-year-old girl was seen by a neurologist because she 
complained to her mother that she was seeing double. 
Careful physical examination revealed that the double 
vision became worse when she looked toward the left. 
The patient also had evidence of a mlld motor paralysis 
of her right lower limb without spastlclty. There was 
also a slight facial paralysis Involving the whole left side 
of the face. 

38. Based on the clinical history and the clinical exam
ination, the following neurologic deficits could have 
been present ezcept 
(a) The double vision caused by weakness of the 

left lateral rectus muscle. 
(b) The complete left-sided facial paralysis caused 

by involvement of the left seventh cranial nerve 
nucleus or its nerve. 

(c) The mild right hemiparesis produced by dam
age to the corticospinal tract on the right side. 

( d) Magnetic resonance imaging revealed the pres
ence of a tumor of the lower part of the pons on 
the left side. 

(e) The left sixth cranial nerve nucleus was dam-
aged. 

A 42-year-old woman complaining of a severe, persistent 
headache visited her physician. At first, the headache 
was not continuous and tended to occur during the 
night. Now, the headache was present all the time and 
was felt over the whole head. Recently, she has begun to 
feel nauseous, and this has resulted 1n several episodes 
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of vomiting. Last week, on looking in the mirror, she 
noted that her right pupil looked much larger than the 
left. Her right upper lid appeared to droop. 

39. The physical examination revealed the following 
most likely findings except 
(a) Weakness in raising the right eyelid upward 
(b) Severe ptosls of the right eye 
(c) Obvious dilatation of the right pupil 
(d) Ophthalmoscoplc examination revealing bilat

eral papilledema 
(e) Evidence of paralysis of either superior oblique 

muscle 
(f) Examination of the lower limbs revealing mild 

spasticity of the left lower limb muscles 

(g) Ataxia of the right upper limb 
(h) Loss of taste sensation on the posterior third of 

the tongue on the left side 
40. The combination of the clinical history and the 

findings in the physical examination enabled 
the physician to make the following DlOll: U.kely 
diagnosis. 
(a) Tumor involving the left cerebral hemisphere 
(b) Tumor Involving the right side of the mldbraln 

at the level of the superior colliculi 
(c) Severe migraine 
(d) Cerebral hemorrhage involving the left cerebral 

hemisphere 
(e) Tumor of the left side of the mldbraJn 

fl Answers and Explanations to Review Questions 

1. A is correct. The pyramids of the medulla oblongata 
taper inferiorly and give rise to the decussation 
of the pyramids (see Fig. 5-9). B. On each side of 
the midline on the anterior surface of the medulla 
lateral to the pyramids, an ovoid swelling called 
the olive contains the olivary nucleus and does not 
contain the cortlcosplnal fibers. C. The hypoglossal 
nerve emerges between the pyramid and the olive. 
D. The vagus nerve emerges between the olive and 
the Inferior cerebellar peduncle. E. The abducens 
nerve emerges between the pons and the medulla 
oblongata (see Fig. 5-9). 

2. A Is correct. The caudal half of the floor of the 
fourth ventricle is formed by the rostral half of the 
medulla oblongata (see Fig. 5-9). B. The central 
canal in the medulla oblongata is limited to the cau
dal half. C. The nucleus gracilis is situated beneath 
the gracile tubercle on the posterior surface of the 
medulla. D. The decussatlon of the medial lemnlsci 
takes place in the caudal half of the medulla. E. The 
cerebellum lies posterior to the medulla 

3. E is correct. The internal arcuate fibers emerge 
from the nucleus gracllis and nucleus cuneatus 
(see Ftg. 4-16). A. The decussation of the pyramids 
represents the crossing over from one side of the 
medulla to the other of three fourths of the corti
cospinal fibers. B. The central canal of the spinal 
cord is continuous upward into the medulla. C. The 
substantia gelatinosa becomes continuous with the 
nucleus of the spinal part of the trigeminal nerve. 
D. The medial lemniscus is formed by the axons of 
cells in the nucleus gracilis and the nucleus cunea
tus; the axons leave the nuclei and cross the mid
line as the internal arcuate fibers and then ascend 
to the thalamus (see Fig. 4-16). 

4. C is correct. Beneath the floor of the fourth ventri
cle are located the dorsal nucleus of the vagus and 
the vestibular nuclei (see Fig. 5-14). A. The reticular 
formation in the upper part of the medulla oblon
gata consists of a mixture of nerve fibers and small 
nerve cells. B. The nucleus ambiguus constitutes 

the motor nucleus of the glossopharyngeal, vagus, 
and the cranial part of the accessory nerves. 
D. The medial longitudinal fasciculus is a bundle of 
ascending and descending fibers that Ile posterior 
to the medial lemnlscus on each side of the mldline 
(see Fig. 5-14). E. The inferior cerebellar peduncle 
connects the medulla to the cerebellum. 

5. B Is correct. In the Arnold-Chlari phenomenon, 
the exits in the roof of the fourth ventricle may be 
blocked. A. It ls a congenital anomaly. C. The tonsil 
of the cerebellum may herniate through the fora
men magnum (see Fig. 5-30). D. The Arnold--Chiari 
phenomenon is commonly associated with various 
forms of spina bifida. E. Performing a spinal tap in 
the setting of this condition is very dangerous. 

6. D is correct. The medial medullary syndrome is 
commonly caused by thrombosis of a branch of 
the vertebral artery to the medulla oblongata. 
A. The tongue ls paralyzed on the ipsllateral side. 
B. Contralateral hemiplegla ls evident. C. Contralat
eral Impaired sensations of position and movement 
are evident. E. Faclal paralysis ls not evident. 

7. B is correct. In the lateral medullary syndrome, 
the nucleus amblguus of the same side may be 
damaged. A. The condition may be caused by 
thrombosis of the posterior inferior cerebel
lar artery. C. Analgesia and thermoanesthesia 
on the ipsilateral side of the face may occur. 
D. lpsilateral trunk and extremity hypalgesia and 
thermoanesthesla may occur. E. Seizures usually do 
not occur. 

8. C ls correct. 
9. E is correct. The structure Is the medial longitudinal 

fasclculus. 
10. B ls correct. 
11. E Is correct. The structure is the Inferior ollvary 

nucleus. 
12. D Is correct. 
13. A is correct. 
14. C is correct. The basilar artery lies in a centrally 

placed groove on the anterior aspect of the pons. 



A. The trigeminal nerve emerges on the anterior 
aspect of the pons. B. The glossopharyngeal nerve 
emerges on the anterior aspect of the medulla 
oblongata in the groove between the olive and the 
inferior cerebellar peduncle (see Fig. 5-9). D. The 
nerve fibers on the anterior aspect of the pons 
converge laterally to form the middle cerebellar 
peduncle. E. The pons forms the upper half of the 
floor of the fourth ventricle (see Fig. 5-18). 

15. A is correct. The red nucleus lies within the midbrain 
(see Fig. 5-25). B. The facial colliculus lies in the caudal 
part of the pons (see Fig. 5-18). C. The motor nucleus 
of the trigeminal nerve lies within the cranial part 
of the pons (see Fig. 5-20). D. The abducens nucleus 
lies within the caudal part of the pons (see Fig. 5-19). 
E. The trochlear nucleus Iles within the midbraln at 
the level of the inferior colliculus (see Fig. 5-25). 

16. B is correct. On the posterior surface of the pons is 
the facial colliculus, which is produced by the root 
of the facial nerve winding around the nucleus of the 
abducens nerve (see Fig. 5-19). A. The medial emi
nence is an elongated swelling lateral to the median 
sulcus (see Fig. 5-26). C. The floor of the superior part 
of the sulcus limitans is pigmented and is called the 
substantia ferruginea (see Fig. 5-18). D. The vestibular 
area Iles lateral to the sulcus llmltans (see Fig. 5-18). 
E. The cerebellum lies posterior to the pons. 

17. A Is correct. The pontlne nuclei lie between the 
transverse pontine fibers (see Fig. 5-12). B. The 
vestibular nuclei lie lateral to the abducens nucleus 
(see Fig. 5-19). C. The trapezoid body is made up 
of fibers derived from the cochlear nuclei and the 
nuclei of the trapezoid body. D. The tegmentum is 
the part of the pons lying posterior to the trapezoid 
body. E. The medial longitudinal fasciculus lies 
below the floor of the fourth ventricle on either side 
of the midllne (see Fig. 5-19). 

18. C is correct. In the pons, bundles of corticopontine 
fibers lie among the transverse pontine fibers (see 
Fig. 5-19). A. The motor nucleus of the trigeminal 
nerve lies medial to the main sensory nucleus in 
the tegmentum of the pons (see Fig. 5-20). B. In the 
cranial part of the pons, the medial lemniscus has 
rotated so that its long axis lies transversely (see 
Fig. 5-20). D. The medial longitudinal fasciculus 
is the main pathway that connects the vestibular 
and cochlear nuclei with the nuclei controlling the 
extraocular muscles (oculomotor, trochlear, and 
abducens nuclei). E. The motor root of the trigemi
nal nerve is much smaller than the sensory root. 

19. D Is correct. In the pons, the cortlcopontlne fibers 
terminate in the pontine nuclei. A. The pons is 
related anteriorly to the dorsum sellae of the sphe
noid bone. B. The pons lies in the posterior cranial 
fossa. C. Astrocytoma of the pons is the most com
mon tumor of the bralnstem. E. The pons receives 
its blood supply from the basilar artery. 

20. D Is correct. 
21. C is correct. 
22. E is correct. The structure is the transverse pontine 

fibers. 
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23. A is correct. 
24. E is correct. The structure is the medial lemniscus. 
25. B is correct. 
26. D is correct. The cavity of the midbrain is called 

the cerebral aqueduct (see Fig. 5-28). A. The mid
brain passes superiorly through the opening in the 
tentorium cerebelli posterior to the dorsum sellae. 
B. The oculomotor nerve emerges from the anterior 
surface of the midbrain at the level of the superior 
colliculi (see Fig. 5-25). C. The superior brachium 
passes from the superior colliculus to the lateral 
genlculate body and the optic tract and Is associated 
with visual functions (see Fig. 5-23). E. The inter
peduncular fossa is bounded laterally by the crus 
cerebri (see Fig. 5-25). 

27. C is correct. The trochlear nucleus is situated in the 
central gray matter of the mldbrain at the level of the 
inferior colliculus (see Fig. 5-25). A. In the midbrain, 
the oculomotor nucleus Is found at the level of the 
superior colliculus (see Fig. 5-25). B. The trochlear 
nerve emerges on the posterior surface of the mid
brain and decussates completely in the superior 
medullary velum (see Fig. 5-25). D. The lemnisci 
are situated lateral to the central gray matter (see 
Fig. 5-25). E. The trigeminal lemniscus lies posterior 
to the medial lemniscus (see Fig. 5-25). 

28. A is correct. The tectum is the part of the midbrain 
situated posterior to the cerebral aqueduct (see 
Fig. 5-24). B. In the midbrain, the crus cerebri lies 
anterior to the substantia nigra (see Fig. 5-25). 
C. The tegmentum lies posterior to the substantia 
nigra (see Fig. 5-25). D. The central gray matter 
encircles the cerebral aqueduct (see Fig. 5-25). 
E. The reticular formation is present throughout the 
mid brain. 

29. B is correct. The superior colliculi of the midbrain 
are concerned with site reflexes. A. The colliculi are 
located In the tectum (see Fig. 5-25). C. The Inferior 
colliculi lie at the level of the trochlear nerve nuclei 
(see Fig. 5-25). D. The Inferior colllcull are con
cerned with auditory reflexes. E. The superior col
liculi lie at the level of the red nuclei (see Fig. 5-25). 

30. D is correct. The nerve fibers from the oculomotor 
nucleus pass through the red nucleus (see Fig. 5-25). 
A. The oculomotor nucleus is situated in the cen
tral gray matter (see Fig. 5-25). B. The parasym
pathetic part of the oculomotor nucleus Is called 
the Edinger-Westphal nucleus. C. The oculomotor 
nucleus lies anterior to the cerebral aqueduct (see 
Fig. 5-25). E. The oculomotor nucleus lies close to 
the medial longitudinal fasciculus (see Fig. 5-25). 

31. Eis correct. The structure is the superior colliculus. 
32. E is correct. The structure is the oculomotor 

nucleus. 
33. E is correct. The structure is decussation of the 

rubrospinal tract. 
34. E is correct. The structures are corticospinal and 

corticonuclear fibers. 
35. C is correct. 
36. E is correct. The structure is the mesencephalic 

nucleus of cranial nerve V. 
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37. B is correct. 
38. C is correct. The right-sided hemiparesis was caused 

by damage to the corticospinal tract on the left 
side of the pons. The corticospinal tract descends 
through the medulla and crosses to the right side 
of the midline at the decussation of the pyramids. 
The patient was later discovered to have a glioma 
involving the left side of the lower pons. 

39. H is correct. The sensation of taste on the posterior 
third of the tongue is supplied by the glossopharyngeal 
nerve, which originates in the medulla oblongata. 

40. B is correct. The combination of raised intracranial 
pressure (headache, vomiting, and bilateral papill
edema), the involvement of the right third cranial 
nerve (right-sided ptosis, right pupillary dilatation, 
and right-sided weakness of ocular deviation upward), 
spasticity of the left leg (right-sided corticospinal 
tracts), and ataxia of the right upper limb (cerebellar 
connections on the right side) led the physician to 
make a tentative diagnosis of an intracranial tumor in 
the right side of the midbrain at the level of the supe
rior colliculi. An MRI confirmed the diagnosis. 



Cerebellum and Its 
Connections 

CHAPTER OBJECTIVES 

• To review the structure and functions of the 
cerebellum 

A ~year-old woman is examined by a neurologist for a 
variety of complaints, including an irregular swaying gait 
and a tendency to drift to the right when walking. Her fam
ily recently noticed that she has difficulty in keeping her 
balance when standing still, and she finds that standing 
with her feet apart helps her keep her balance. 

On examination, she has diminished tone of the musdes 
of her right upper limb, as seen when the elbow and wrist 
joints are passively flexed and extended. Similar evidence is 
found in the right lower limb. When asked to stretch out her 
arms in front of her and hold them in position, she demon
strates obvious signs of right-sided tremor. When asked 
to touch the tip of her nose with the left index finger, she 
performs the movement without any difficulty, but when she 
repeats the movement with her right index finger, she either 
misses her nose or hits it due to the irregularly contracting 
muscles. When she is asked to quickly pronate and supinate 
the forearms, the movements are normal on the left side but 
jerky and slow on the right side. A mild papilledema of both 
eyes is found. No other abnormal signs are seen. 

The right-sided hypotonia, static tremor, and intention 
tremor associated with voluntary movements, right-sided 

GROSS APPEARANCE 
The cerebellum is situated in the posterior cranial fossa 
and is covered superiorly by the tentorium cerebelli. It 
ls the largest part of the hindbrain and Iles posterior to 
the fourth ventricle, the pons, and the medulla oblongata 
(Fig. 6-1). The cerebellum is somewhat ovoid in shape 
and constricted in its median part. It consists of two cer
ebellar hemllpherea joined by a narrow median vermls. 
The cerebellwn is co1U1ected to the posterior aspect of 
the bralnstem by three synunet.rtcal bwidles of nerve 
fibers called the superior, middle, and Inferior cerebel
lar peclancles (see Figures 1-12 and 5-18). 

• To describe the afferent and efferent connections of 
the cerebellum within the central nervous system 

dysdiadochokinesia, and the history are characteristic of 
right-sided cerebellar disease. A computed tomography 
scan reveals a tumor in the right cerebellar hemisphere. 

Understanding the structure and the nervous con
nections of the cerebellum and, in particular, knowing 
that the right cerebellar hemisphere influences voluntary 
muscle tone on the same side of the body enable the 
neurologist to make an accurate diagnosis and institute 
treatment. 

The cerebellum plays a very important role in the con
trol of posture and voluntary movements. It unconsciously 
influences the smooth contraction of voluntary muscles 
and carefully coordinates their actions, together with the 
relaxation of their antagonists. Students should commit 
the functions of the connections of the cerebellum to the 
remainder of the central nervous system (CNS) to memory, 
as this will greatly assist in the retention of the material. 
In this chapter, great emphasis is placed on the fact that 
each cerebellar hemisphere controls muscular movements 
on the same side of the body and that the cerebellum has 
no direct pathway to the lower motor neurons but exerts 
its control via the cerebral cortex and the brainstem. 

The cerebellum ls dlvlded into three main lobes: 
the anterior lobe, the middle lobe, and the ftocculo
noclular lobe. The anterior lobe may be seen on the 
superior surface of the cerebe11um and is separated 
from the middle lobe by a wide V-shaped fissure 
called the primary &mre (Figs. 6-2 and 6-3). The 
middle lobe (sometimes called the posterior lobe), 
which is the largest part of the cerebellum, is situated 
between the primary and uvnlonoclular ftaUl'e8. The 
flocculonodular lobe ls situated posterior to the uw
lonodular fissure (Fig. 6-3). A deep horlzontal ftuore 
that is found along the margin of the cerebellum sep
arates the superior from the inferior surfaces but has 

229 
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Figure 6-1 Sagittal section through the brainstem and the vermis of the cerebellum. 
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Figure 6-3 A: Flattened view of the cerebellar cortex showing the main cerebellar lobes, lobules, 
and fissures. B: Relationship between the diagram in (A) and the cerebellum. 

no morphologic or functional significance (Figs. 6-2 
and 6-3). 

STRUCTURES 
The cerebellum ls composed of an outer covering of 
gray matter called the cortex and inner white matter. 
Embedded In the white matter of each hemisphere are 
three masses of gray matter forming the lntracerebel
lar nudeL 

Cerebellar Cortex 
The cerebellar cortex can be regarded as a large sheet 
with folds lying In the coronal or transverse plane. Each 
fold or follum contains a core of white matter covered 
superficially by gray matter (see Fig. 6-1). 

A section made through the cerebellum parallel with 
the median plane divides the folia at right angles, and 
the cut surface has a branched appearance, called the 
arbor vitae. 

The gray matter of the cortex throughout Its extent 
has a uniform structure. It may be dlvtded into three 
layers: (1) an external layer, the molecular layer; (2) a 
middle layer, the ParldnJe cell layer; and (3) an internal 
layer, the granular layer (Figs. 6-4 and 6-5). 

Molecular Layer 

The molecular layer contains two types of neurons: 
the outer ltellate ceD and the inner basket cell (see 
Fig. 64). These neurons are scattered among dendritic 
arborlzatlons and nwnerous thin axons that run parallel 
to the long axis of the folta. Neurogllal cells are found 
between these structures. 
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Figure 6-4 Cellular organization of the cerebellar cortex. Note the afferent and efferent fibers. 

Figure 6-5 Light micrograph of the cerebellum {><132). 
Observe the Purkinje cells (P) with their dendritic trees 
{arrows) protruding into the molecular layer (ML). The heavily 
populated and deeply stained region is the granular layer (GL) 
of the cerebellum. {From Gartner, L. P. [2018]. Color atlas and 
text of hist,ology [7th ed.]. Baltimore, MD: Wolters Kluwer.) 

PurldnJe Cell Layer 

The Purkinje cells are large Golgi type I neurons. 
They are flask shaped and are arranged in a sin
gle layer (see Figs. 6-4 and 6-5). In a plane trans
verse to the folium, the dendrites of these cells are 
seen to pass into the molecular layer, where they 
undergo profuse branching. The primary and second
ary branches are smooth, and subsequent branches 
are covered by short, thick dendrltlc spines. It has 
been shown that the spines form synaptic contacts 
with the parallel fibers derived from the granule cell 
axons. 

At the base of the Purklnje cell, the axon arises 
and passes through the granular layer to enter the 
white matter. On entering the white matter, the 
axon acquires a myelin sheath, and it terminates by 
synapsing with cells of one of the intracerebellar 
nuclei. Collateral branches of the Purkinje axon make 
synaptic contacts with the dendrites of basket and 
stellate cells of the granular layer in the same area 
or In distant folia. A few of the Purkinje cell axons 
pass directly to end In the vestibular nuclei of the 
bralnstem. 
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Rgure 6-6 Somatosensory projection a"'as in the cerebellar 
cortex. 

Granular Layer 

The granular layer ls packed with small cells with 
densely staining nuclei and scanty cytoplasm. Each cell 
gives rise to four or five dendrites, which make claw-like 
endings and have synaptic contact with mossy fiber 
input (see Fig. 6-4). The axon of each granule cell passes 
into the molecular layer, where it bifurcates at a T junc
tion, the branches running parallel to the long a.xls of 
the cerebellar follum. (see Fig. 6-4). These fibers, known 
as parallel fibers, run at right angles to the dendritlc 
processes of the Purklnje cells. Most of the parallel 
fibers make synaptic contacts with the splnous pro
cesses of the dendrites of the PurkinJe cells. Neuroglial 

Fastigial nucleus Globose nucleus 
I 
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cells are found throughout this layer. Scattered through
out the granular layer are Golgl cells. Their dendrites 
ramify In the molecular layer, and their axons terminate 
by splitting up into branches that synapse with the den
drites of the granular cells (see Fig. 6-5). 

Functional Areas 
Clinical observattons by neurologists and neurosur
geons and the experimental use of positron emission 
tomography have shown that the cerebellar cortex can 
be divided into three functional areas. 

The cortex of the vermls influences the movements 
of the long a.xls of the body, namely, the neck, the shoul
ders, the thorax. the abdomen, and the hips (Fig. 6-6). 
Immediately lateral to the vermis is a so-<:alled interme
diate zone of the cerebellar hemisphere. This area has 
been shown to control the muscles of the distal parts 
of the limbs, especially the hands and feet. The lateral 
zone of each cerebellar hemisphere appears to be 
concerned with the planning of sequential movements 
of the entire body and Is involved with the conscious 
assessment of movement errors. 

lntracereballar Nudai 
Four masses of gray matter are embedded in the 
white matter of the cerebellum on each side of the 
midline (Fig. 6-7). From lateral to medial, these nuclei 
are the dentate, the embollform, the globole, and 
the ful:lglal. 

The dentate nudeus Is the largest of the cerebellar 
nuclei. It has the shape of a crwnpled bag with the 
opening facing medially. The Interior of the bag ls fllled 
with white matter made up of efferent fibers that leaves 
the nucleus through the opening to form a large part of 
the superior cerebellar peduncle. 

I Embollfonn nucleus , I / I / Oenlale nucieus 

,(I/ 

~...... Cavity af the fourth ventricle 

.........._, Figure 6-7 Position of the intracer-
Pons ebellar nuclei. 
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The embollform nucleus ls ovoid and Is situated 
medial to the dentate nucleus, partially covering Its hllus. 

The globoee nucleus consists of one or more rounded 
cell groups that Ile medial to the embollform nucleus. 

The futlgla1 nucleus Iles near the mldllne in the 
vermls and close to the roof of the fourth ventricle; It is 
larger than the globose nucleus. 

The intracerebellar nuclei are composed of large, 
multipolar neurons with simple branching dendrites. 
The axons form the cerebellar outflow in the superior 
and inferior cerebellar peduncles. 

White Matter 
There is a small amount of white matter In the vermls; It 
closely resembles the trunk and branches of a tree and 
thus is tenned the arborvitae (see Ag. 6-1). There is a large 
amount of white matter in each cerebellar hemisphere. 

The white matter is made up of three groups of 
fibers: (1) intrinsic, (2) afferent, and (3) efferent. 

The lntrtmlc tlben do not leave the cerebellum but 
connect different regions of the organ. Some interconnect 
folla of the cerebellar cortex and vermis on the same side; 
others connect the two cerebellar hemispheres together. 

The afferent flben form the greater part of the white 
matter and proceed to the cerebellar cortex. They enter 
the cerebellum mainly through the Inferior and middle 
cerebellar peduncles. 

Basket cell 

Purt<lnJe cell 

Golgicell 
f 

l I _____ __ 
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The efferent ftben constitute the output of the cer
ebellum and commence as the axons of the PurklnJe 
cells of the cerebellar cortex. The great majority of the 
Purklnje cell axons pass to and synapse with the neu
rons of the cerebellar nuclei (fastlglal, globose, embo
llform, and dentate). The axons of the neurons then 
leave the cerebellum. A few Purkinje cell axons in the 
flocculonodular lobe and in parts of the vennis bypass 
the cerebellar nuclei and leave the cerebellum without 
synapsing. 

Fibers from the dentate, emboliform, and globose 
nuclei leave the cerebellum through the superior cere
bellar peduncle. Fibers from the fastigial nucleus leave 
through the Inferior cerebellar peduncle. 

CEREBELLAR CORTICAL 
MECHANISMS 
As a result of extensive cytologic and physiologic research, 
certain basic mechanisms have been attributed to the 
cerebellar cortex. The climbing and the mossy fibers con
stitute the two main lines of Input to the cortex and are 
excitatory to the Purldnje cells (Fig. 6-8). 

The climbing flben are the terminal fibers of the 
olivocerebellar tracts. They are so named because 
they ascend through the layers of the cortex like a 

Granular cell 

I
I 

Cerebellar cortex 

Molecular layer 

Purkln)e cell layer 

Granular layer 

--·White matter --

-. ..__ 

......._ Cerebellar nucleus 

Figure W Functional organization 
of the cerebellar cortex. The arrows 
indicate the direction taken by the 
nervous impulses. The red arrows 
indicate information entering the 
cerebellum. ~-...__Climbing fiber 



vine on a tree. They pass through the granular layer 
of the cortex and terminate in the molecular layer by 
dividing repeatedly. Each climbing fiber wraps around 
and makes a large number of synaptic contacts with 
the dendrites of a Purkinje cell. A llngle Purkinje neu
ron makes synaptic contact with only one cllmbing 
fiber. However, one climbing fiber makes contact with 1 
to 10 Purkinje neurons. A few side branches leave each 
climbing fiber and synapse with the stellate cells and 
basket cells. 

The mOMY ftben are the terminal fibers of all other 
cerebellar afferent tracts. They have multiple branches 
and exert a much more diffuse excitatory effect. A single 
mossy fiber may stimulate tho1118Dds of Purkinje cells 
through the granule cells. What then Is the function 
of the remaining cells of the cerebellar cortex, namely, 
the stellate, basket, and Golgi cells? Neurophyslologic 
research, using mlcroelectrodes, would indicate that 
they serve as lnhlbltory lntemeurons. They not only 
limit the area of cortex excited but also probably influ
ence the degree of Purkinje cell excitation produced 
by the climbing and mossy fiber input. By this means, 
fluctuating Inhibitory impulses are transmitted by the 
Purkinje cells to the intracerebellar nuclei, which, in 
turn, modify muscular activity through the motor con
trol areas of the brainstem and cerebral cortex. Thus, 
the Purklnje cells form the center of a functional unit 
of the cerebellar cortex. 

lntracerebellar Nuclear Mechanisms 
The deep cerebellar nuclei receive afferent nervous 
information from two sources: (1) the inhibitory axons 

Superior cerebellar peduncle 
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from the Purkinje cells of the overlying cortex and 
(2) the excitatory axons that are branches of the affer
ent climbing and mossy fibers that are passing to the 
overlying cortex. In this manner, a given sensory Input 
to the cerebellum sends excitatory information to the 
nuclei, which a short time later receive cortical pro
cessed inhibitory information from the Purkinje cells. 
Efferent information from the deep cerebellar nuclei 
leaves the cerebellum to be distributed to the remain
der of the brain and spinal cord. 

Cerebellar Cortical Neurotransmitters 
Pharmacologic research has suggested that the excit
atory climbing and mossy afferent fibers use glutamate 
Cr -aminobutyrlc add [GABA]) as the excitatory trans
mitter on the dendrites of the Purk:inje cells. Further 
research has indicated that other afferent fibers enter
ing the cortex liberate noreplnephrine and ter0tonln 
at their endings that possibly modify the action of the 
glutamate on the Purk.inje cells. 

Cerebellar Peduncles 
The cerebellum ls linked to other parts of the central 
nervous system (CNS) by numerous efferent and affer
ent fibers that are grouped together on each side into 
three large bundles, or peduncles (Fig. 6-9). The supe
rior cerebellar peduncles connect the cerebellum to 
the midbrain, the middle cerebellar peduncles connect 
the cerebellum to the pons, and the inferior cerebel
lar peduncles connect the cerebellum to the medulla 
oblongata. 

/ Cerebral peduncle 

,,,..,... Octllomotor nerve 

~ ~Trochlearnerve 
Pons 

:---_ ------Trigeminal nerve 

I 
I 

f"r':=:~~:...._-- Ves!lbulocod11ear nerve 
~~..-'"'i~~~.,.~~~Abduce~nerve 

1~ 'f]_ ___ ~ouw 
JJ --Pyramid 

Spinal root of accesscry nerve 

Medulla otilongata 

Figure 6-9 Three cerebellar peduncles connecting the cerebellum to the rest of the central 
nervous system. 
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CEREBELIAR AFFERENT FIBERS 
The cerebellum receives major afferent tracts from the 
cerebral cortex, pons, medulla oblongata, and the spinal 
cord. 

Cerebellar Afferent Fibers From the 
Cerebral Cortex 
The cerebral cortex sends information to the cerebel
lum by three pathways: (1) the corticopontocerebellar 
pathway. (2) the cerebro-olivocerebellar pathway. and 
(3) the cerebroreticulocerebellar pathway. 

Cortlcopontocerebellar Pathway 
The corticopontine fibers arise from nerve cells in the 
frontal, parietal, temporal, and occipital lobes of the 
cerebral cortex and descend through the corona radiata 
and internal capsule and terminate on the pontlne nuclei 
(Fig. 6-10). The pontlne nuclei give rise to the 1nm.SVene 

Co1'11oopontocerebellar 
pathway 

CorUcoretlcular __ _,_ .,, 
cerebellar pathway 

Cortico-olivary-- --------

cerabellar pathway 

Inferior ollvary nucleus 

Den of the pons, which cross the midllne and enter 
the opposite cerebellar hemisphere as the middle cere
bellar peduncle (see Figs. 5-18, 5-19). 

Cerebro-ollvocentbellar Pathway 
The cortlco-ollvary fibers arise from nerve cells In the 
frontal, parietal, temporal, and occipital lobes of the 
cerebral cortex and descend through the corona radiata 
and internal capsule to terminate bilaterally on the infe
rior olivary nuclei. The inferior olivary nuclei give rise 
to fibers that cross the midline and enter the opposite 
cerebellar hemisphere through the inferior cerebellar 
peduncle. These fibers terminate as the climbing fibers 
in the cerebellar cortex. 

C.rebrvretlculocentbellar Pathway 
The cortlcorettcular fibers arise from nerve cells from 
many areas of the cerebral cortex, particularly the 
sensorlmotor areas. They descend to terminate In the 

Figure 6-10 Cerebellar afferent fibers from the cerebral cortex. The cerebellar pedundes 
are shown as ovoid dotted lines. 



reticular formation on the same side and on the oppo
site side In the pons and medulla. The cells in the retic
ular formation give rise to the retlculocerebellar fibers 
that enter the cerebellar hemisphere on the same side 
through the inferior and middle cerebellar peduncles. 

This connection between the cerebrum and the cere
bellum is important in the control of voluntary movement 
Information regarding the initiation of movement in the 
cerebral cortex is probably transmitted to the cerebellum 
so that the movement can be monitored and appropriate 
adjustments in the muscle activity can be made. 

Cerebellar Afferent Fibers From the Spinal Cord 
The spinal cord sends information to the cerebellwn 
from somatosensory receptors by three pathways: 
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(1) the anterior splnocerebellar tract, (2) the posterior 
splnocerebellar tract, and (3) the cuneocerebellar tract. 

Anterior Splnocerebellar Tract 

The axons entering the spinal cord from the posterior 
root ganglion terminate by synapsing with the neurons 
in the nucleus donall8 (Clarke column) at the base of 
the posterior gray column. Most of the axons of these 
new-ons cross to the opposite side and ascend as the 
anterior 1plnocerebellar tract in the contralateral 
white column; some of the axons ascend as the anterior 
splnocerebellar tract In the lateral white column on the 
same slde (Fig. 6-11). The fibers enter the cerebellum 
through the superior cerebellar peduncle and termi
nate as mossy fibers In the cerebellar cortex. Collateral 

~-- VeS!lbular nerve 
-~~------ Nucleus cuneatus 
~----

' Posterior spinocerebellar 
J..!...,-----~ tract 

Anterior splnccerebellar 
tract (majority of 11bers) 

Figure 6-11 Cerebellar afferent fibers from the spinal cord and internal ear. The cerebellar 
peduncles are shown as ovoid dotted lines. 



238 CHAPTER 6 Cerebellum and Its Connections 

branches that end in the deep cerebellar nuclei are also 
given off. Those fibers that cross over to the opposite 
side in the spinal cord are thought to cross back within 
the cerebellum. 

The anterior splnocerebellar tract is found at all 
segments of the spinal cord, and Its fibers convey mus
cle joint information from the muscle spindles, tendon 
organs, and joint receptors of the upper and lower 
limbs. The cerebellum likely receives information from 
the skin and superficial fascia by this tract. 

Posterior Splnocerebellar Tract 

The axons entering the spinal cord from the posterior 
root ganglion enter the posterior gray column and 
terminate by synapsing on the neurons at the base of 
the posterior gray colwnn. These neurons are known 
collectively as the nucleus dorsalis (Clarke column). 
The axons of these neurons enter the posterolateral 
part of the lateral white column on the same side and 
ascend as the posterior 1plnocerebellar tract to the 
medulla oblongata. Here, the tract enters the cere
bellum through the inferior cerebellar peduncle and 
terminates as mossy fibers in the cerebellar cortex. 
Collateral branches that end in the deep cerebellar 
nuclei are also given off. The posterior spinocerebellar 
tract receives muscle joint information from the mus
cle spindles, tendon organs, and joint receptors of the 
trunk and lower limbs. 

Cuneocerebelbr Tract 

These fibers originate in the nucleus cuneatus of the 
medulla oblongata and enter the cerebellar hemisphere 

Table 6-1 Afferent Cerebellar Pathways 

on the same side through the Inferior cerebellar pedun
cle (see Fig. 6-10). The fibers terminate as mossy fibers 
In the cerebellar cortex. Collateral branches that end 
1n the deep cerebellar nuclei are also given off. The 
cuneocerebellar tract receives muscle joint informa
tion from the muscle spindles, tendon organs, and 
joint receptors of the upper limb and upper part of the 
thorax. 

Cerebellar Afferent Fibers From the 
Vestibular Nerve 
The vestibular nerve receives information from the 
Inner ear concerning motion from the semicircular 
canals and position relative to gravity from the utricle 
and saccule. The vestibular nerve sends many afferent 
fibers directly to the cerebellum through the inferior 
cerebellar peduncle on the same side. Other vestibular 
afferent fibers pass first to the vestibular nuclei 1n the 
brainstem, where they synapse and are relayed to the 
cerebellum (see Fig. 6-11). They enter the cerebellum 
through the inferior cerebellar peduncle on the same 
side. All the afferent fibers from the inner ear termi
nate as mossy fibers in the flocculonodular lobe of the 
cerebellum. 

Other Afferent Fibers 
In addition, the cerebellum receives small bundles of 
afferent fibers from the red nucleus and the tectum. 

The afferent cerebellar pathways are summarized 1n 
Table 6-1. 

. '' 
Conveys control from cerebral I Frontal, parietal, temporal, Via pontine nuclei and mossy 

cortex and occipital lobes fibers to cerebellar cortex 
Corticopontocerebellar 

Cerebro-olivocerebell_a_r __ C_o_n""l" oonttul hom "'""""' I Fn>ntol, porietal, temporal~ Vi• inle•io• olivmy n"dei •nd 
cortex and occipital lobes climbing fibers to cerebellar 

cortex 
1--- - --

Cerebroreticulocerebellar Conveys control from cerebral Sensorimotor areas Via reticular formation 
cortex 

Anterior spinocerebel~ I Conveys information from 
muscles and joints 

Posterior spinocerebellar Conveys information from 
muscles and joints 

Cuneocerebellar 

Vestibular nerve 

Other afferents 

Conveys information from 
muscles and joints of upper 
limb 

Conveys information of head 
position and movement 

Conveys information from 
midbrain 

r 
----; -

Musde spindles, tendon Via mossy fibers to cerebellar 
organs, and joint receptors cortex 

f"Musde spindles, tendon Via mossy fibers to cerebel~ 
I organs, and joint recept~ cortex 

Muscle spindles, tendon Via mossy fibers to cerebellar I organs. and joint receptors cortex 

r Utricle, saccule, and Via mossy fibers to cortex of 
semicircular canals flocculonodular lobe 

r Red nucleus, tectum -- I Cerebellar cortex 



CEREBEUAR EFFERENT FIBERS 
The entire output of the cerebellar cortex ts through 
the axons of the Purk:lnje cells. Most of the axons of the 
PurkJnJe cells end by synapsing on the neurons of the 
deep cerebellar nuclei (see Fig. 64). The axons of 
the neurons that form the cerebellar nuclei constitute 
the efferent outflow from the cerebellum. A few Pur
kinje cell axons pass directly out of the cerebellum to 
the lateral vestibular nucleus. The efferent fibers from 
the cerebellum connect with the red nucleus, thalamus, 
vestibular complex., and reticular formation. 

Globose-Emboliform-Rubral Pathway 
Axons of neurons in the globose and emboliform nuclei 
travel through the superior cerebellar peduncle and 
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peduncle 

Re11cular formation---
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cross the midline to the opposite side in the decw11a
don of the superior cerebellar peduncles (Fig. 6-12). 
The fibers end by synapsing with cells of the contralat
eral red nucleus, which give rise to axons of the rubro
splna:I. 1nct. Thus, this pathway crosses twice, once in 
the decussation of the superior cerebellar peduncle and 
again In the rubrospinal tract close to Its origin. By this 
means, the globose and emboliform nuclei influence 
motor activity on the same side of the body. 

Dentatothalamic Pathway 
Axons of neurons in the dentate nucleus travel through 
the superior cerebellar peduncle and cross the midline 
to the opposite side in the dec118181fon of the auperlor 
cerebellar peduncle. The fibers end by synapsing 
with cells in the contralateral ventrolateral nucleus 

Globoee-emboliform
rubral pathway 

-._.. Fasligial vestibular 
"X pathway 

"'-, 
.\ Fasligial reticular pathway 

Vestibular nucleus 

Figwe 6-12 Cerebellar efferent fibers. The cerebellar pedundes are shown as ovoid dotted fines. 
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Table 6-2 Efferent Cerebellar Pathways• 

Globose-emboliform- Influences ipsilateral Globose and To contralateral red nucleus, then via crossed 
rubral motor activity emboliform J rubrospinal tract to ipsilateral motor neurons in the 

____ nuclei spinal cord _ 

Dentatothalamic: Influences ipsilateral Dentate nucleus To c:ontralateral ventrolateral nucleus of the thalamus, 
motor activity then to c:ontralateral motor cerebral cortex; 

corticospinal tract crosses midline and controls 
ipsilateral motor neurons in the spinal cord 

Fastigial vestibular Influences ipsilateral 
extensor muscle 
tone 

Fastigial nucle~ Mainly to ipsilateral and to contralateral lateral -
vestibular nuclei; vestibulospinal tract to ipsilateral 
~otor neurons in the spinal cord 

Fastigial reticular Influences ipsilateral Fastigial nucleus To neurons of reticular formation; retic:ulospinal tract 
muscle tone to ipsilateral motor neurons to the spinal cord 

'Nate that each cerebellar hemisphere influencu the voluntary mullde tone on the aama side of the body. 

of the thalamus. The axons of the thalamlc neurons 
ascend through the internal capsule and corona radt
ata and terminate in the primary motor area of the 
cerebral cortex. By this pathway, the dentate nucleus 
can influence motor activity by acting on the motor 
neW'Ons of the opposite cerebral cortex; impulses from 
the motor cortex are transmitted to spinal segmental 
levels through the corticospinal tract. Remember that 
most of the fibers of the corticospinal tract cross to 
the opposite side in the decussation of the pyramids or 
later at the spinal segmental levels. Thus, the dentate 
nucleus is able to coordinate muscle activity on the 
same side of the body. 

Fastigial Vestibular Pathway 
The axons of neurons in the fastigial nucleus travel 
through the inferior cerebellar peduncle and end by 
projecting on the neurons of the lateral vettlbular 
nucleus on both sides. Remember that some Purklnje 
cell axons project directly to the lateral vestibular 
nucleus. The neurons of the lateral vestibular nucleus 
form the vestlbul09plnal tract. The fastlglal nucleus 
exerts a facllltatory influence mainly on the lpsflateral 
extensor muscle tone. 

Fastigial Reticular Pathway 
The axons of neurons In the fastlgtal nucleus travel 
through the inferior cerebellar peduncle and end by syn
apsing with neurons of the reticular formation. Axons of 
these neurons influence spinal segmental motor activity 
through the retlculospinal tract. The efferent cerebellar 
pathways are summarized in Table 6-2. 

FUNCTIONS OF THE CEREBELLUM 
The cerebellum receives afferent information concern
ing voluntary movement from the cerebral cortex and 

from the muscles, tendons, and joints. It also receives 
information concerning balance from the vestibular 
nerve and possibly concerning sight through the tec
tocerebellar tract. All this information is fed into the 
cerebellar cortical circuitry by the mossy fibers and 
the climbing fibers and converges on the Purklnje cells 
(see Fig. 6-8). The axons of the Purkinje cells project 
with few exceptions on the deep cerebellar nuclei. The 
output of the vermis projects to the fastigial nucleus, 
the intermediate regions of the cortex project to the 
globose and emboltform nuclei, and the output of the 
lateral part of the cerebellar hemisphere projects to 
the dentate nucleus. A few Purklnje cell axons pass 
directly out of the cerebellum and end on the lateral 
vestibular nucleus in the bralnstem. Purklnje axons 
are generally believed to exert an inhibitory influence 
on the neurons of the cerebellar nuclei and the lateral 
vestibular nuclei. 

The cerebellar output is conducted to the sites 
of origin of the descending pathways that influence 
motor activity at the segmental spinal level. In this 
respect, the cerebellum has no direct neuronal con
nections with the lower motor neurons but exerts its 
influence indirectly through the cerebral cortex and 
bralnstem. 

Physiologists have postulated that the cerebellum 
functions as a coordinator of precise movements by 
continually comparing the output of the motor area 
of the cerebral cortex with the proprioceptive infor
mation received from the site of muscle action; it is 
then able to bring about the necessary adjustments 
by influencing the activity of the lower motor neu
rons (Fig. 6-13). This is accomplished by controlling 
the timing and sequence of firing of the a and y 
motor neurons. The cerebellum can possibly send 
back information to the motor cerebral cortex to 
inhibit the agonist muscles and stimulate the antag
onist muscles, thus limiting the extent of voluntary 
movement. 
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Figure 6-13 Cerebellum serving as a comparator. 

0 Clinical Notes 

General Considerations 
Each cerebellar hemisphere is connected by nervous path
ways principally with the same side of the body; thus, a le8tclll 
In cme cerebellar hemllphere glves rile ID ll&ns and aymp
loma that are limited to die ume aide of the body. The main 
connections of the cerebellum are swnmarized In Figure 6-14. 

The essential function of the cerebellum fs to coordinate, 
by synergistic action, all reflex and voluntary muscular 
activity. Thus, it graduates and harmonizes muscle tone 
and maintains normal body posture. It permits voluntary 
movements, such as walking, to take place smoothly with 
precision and economy of effort. It must be understood that 
although the cerebellum plays an important role In skeletal 
muscle activity, it is not able to initiate muscle movement. 

Signs and Symptoms of Cerebellar Disease 
While the importance of the cerebellum in the maintenance 
of muscle tone and the coordlnatlon of muscle movement 
has been emphasized, it should be remembered that the 
symptoms and signs of acute lesions differ from those pro
duced by chronic lesions. Acute lesions produce sudden, 
severe symptoms and signs, but there is considerable clin
ical evidence to show that patients can recover completely 
from large cerebellar !njurles. Thls suggests that other 
CNS areas can compensate for loss of cerebellar function. 
Chronic lesions, such as slowly enlarging tumors, produce 
symptoms and signs that are much less severe than those 
of acute lesions. The reason for this may be that other CNS 
areas have time to compensate for loss of cerebellar func
tion. The following symptoms and signs are characteristic 
of cerebeJJar dysfunction. 

Hypotonia 
The muscles lose reslllence to palpation. There ls dimin
ished resistance to passive movements of joints. Shaking 
the limb produces excessive movements at the terminal 
joints. The condition is attributable to loss of cerebellar 
influence on the simple stretch reflex. 

Postural Changes and Alteration of Gait 
The head ls often rotated and Hexed, and the shoulder on 
the side of the lesion is lower than on the normal side. The 
patient assumes a wide base when he or she stands and is 
often stiff legged to compensate for Joss of muscle tone. 
When the individual walks, he or she lurches and staggers 
toward the affected side. 

Disturbances of Voluntary Movement (Ataxia) 
The muscles contract Irregularly and weakly. Tremor 
occurs when fine movements, such as buttoning clothes, 
writing, and shaving, are attempted. Muscle groups fail to 
work harmoniously, and there ls decompoettlon of move
ment When the patient ls asked to touch the tip of the nose 
with the index finger, the movements are not properly coor
dinated, and the finger either passes the nose (past1>0lnUng) 
or hits the nose. A similar test can be performed on the 
lower limbs by asking the patient to place the heel of one 
foot on the shin of the opposite leg. 

Dysdladocholdnesla 
Dysdladochoklnesla Is the lnabillty to perform alternat
ing movements regularly and rapidly. Ask the patient to 
pronate and supinate the forearms rapidly. On the side of 
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Figure 6-14 Some of the main connections of the cerebellum. The cerebellar peduncles are 
shown as ovoid dashed lines. 

the cerebellar lesion, the movements are slow, jerky, and 
incomplete. 

Disturbances of Reflexes 
Movement produced by tendon reflexes tends to continue 
for a longer period of time than normal. The pendular knee 
Jerk, for example, occurs following tapping of the patellar 
tendon. Normally, the movement occurs and is self-limited 
by the stretch reflexes of the agonlsts and antagonists. 
In cerebellar disease, because of loss of Influence on the 
stretch reflexes, the movement continues as a series of ilex
ion and extension movements at the knee joint; that is, the 
leg moves like a pendulum. 

Disturbances of Ocular Movement 
Nystaglnaa, which ls essentially an ataxia of the ocular mus
cles, ls a rhythmical osclllatlon of the eyes. It Is more easlly 
demonstrated when the eyes are deviated In a horizontal 

direction. This rhythmic oscillation of the eyes may be of 
the same rate in both directions (penduJar nylllagmua) or 
quicker In one dlrecUon than In the other Omnyatatmua). 
Jn the latter situation, the movements are referred to as the 
slow phase away from the visual object, followed by a quick 
phase back toward the target. The quick phase is used to 
describe the form of nystagmus. For example, a patient Is 
said to have a nystagmus to the left if the quick phase is to 
the left and the slow phase ls to the right. The movement 
of nystagmus may be confined to one plane and may be 
horizontal or vertical, or lt may be In many planes when lt 
is referred to as rotatory nystagmus. 

The posture of the eye muscles depends mainly on the 
normal functioning of two sets of afferent pathways. The 
flrst Is the visual pathway whereby the eye views the object 
of Interest, and the second pathway Is much more compli
cated and Involves the labyrinths, the vestibular nuclei, 
and the cerebellum. 



Disorders of Speech 
Dysarthrla occurs In cerebellar disease because of ataxia of 
the muscles of the larynx. Articulation is jerky, and the syl
lables often are separated from one another. Speech tends 
to be explosive, and the syllables often are sJmred. 

In cerebellar lesions, paralysis and sensory changes are 
not present. Although muscle hypotonla and lncoordlnatlon 
may be present, the disorder Is not llmited to speclflc muscles 
or muscle groups; rather, an entire extremity or the entire 
hall of the body ls Involved. If both cerebellar hemispheres 
are Involved, then the entire body may show disturbances of 
muscle action. Even though the muscular contractions may 
be weak and the patient may be easily fatigued. there ls no 
atrophy. 

Cerebellar Syndromes 
Vermis Syndrome 
The most common cause of vermis syndrome is a medul
loblutoma of the vermls In chlJdren. Involvement of the 
flocculonodular lobe results In signs and symptoms related 
to the vestibular system. Since the vermls Is unpaired 
and Influences mldl!ne structures, muscle lncoordlnat!on 
involves the head and trunk: and not the limbs. There is a 
tendency to fall forward or backward. There Is dlfflculty ln 

l 
holding the head steady and In an upright position. There 
also may be dlHlculty In holding the trunk erect. 

Cerebellum 

• The cerebellum is composed of an outer covering 
of gray matter called the cortex and inner white 
matter. Embedded in the white matter of each 
hemisphere are three masses of gray matter forming 
the four lntracerebellar nuclei. 

• The gray matter of the cortex is divided into three 
layers: the external, molecular layer; the middle, 
Purkinje layer; and the inner, granular layer. 

• Basket and stellate cells are found in the molecular 
layer and are scattered throughout the dendritic 
arborizations of the Purkinje cells, whose cell bodies 
are found within the Purkinje layer. 

• Granule cells (and Golgi cells) are found throughout 
the granular layer and have synaptic contact with 
mossy fiber input (cerebellar afferent tracts). The 
axon of each granule cell branches and runs parallel 
to the long axis of the cerebellar follum. 

• Climbing fibers are terminal fibers of the 
ollvocerebellar tracts. A single Purklnje ne\ll'On 
makes synaptic contact with only one climbing fiber. 

• Mossy fibers are the terminal fibers of all other 
cerebellar afferent tracts. Each mossy fiber 
communicates with thousands of PurklnJe cells 
through the granule cells. 
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Cerebellar Hemisphere Syndrome 
Tumors of one cerebellar hemisphere may be the cause of 
cerebellar hemisphere syndrome. The symptoms and signs 
are usually unilateral and involve muscles on the side of the 
diseased cerebellar hemisphere. Movements of the limbs, 
especially the anns, are disturbed. Swaying and falling to 
the side of the lesion often occur. Dysarthrla and nystag
mus are also common findings. Disorders of the lateral 
part of the cerebellar hemispheres produce delays in ini· 
Uatlng movements and lnablJlty to move all llmb segments 
together In a coordinated manner but show a tendency to 
move one Joint at a tlme. 

Common D1seases lnvolvlng the Cerebellum 
One of the most common diseases affecting cerebellar func
tion Is acute alcohol poisoning. This occurs as the result 
of alcohol acting on GABA receptors on the cerebellar 
neurons. 

The following frequently Involve the cerebellum: con
genital agenesls or hypoplasla. trauma. Infections, tumors, 
multiple sclerosis, vascular disorders such as thrombo
sis of the cerebellar arteries, and poisoning with heavy 
metals. 

The many manlfestal:tons of cerebellar disease can be 
reduced to two basic defects: hypotonla and loss of Influence 
of the cerebellum on the ac:Uvlties of the cerebral cortex. 

Cerebellar Afferent Fibers 

• The cerebellum receives three afferent pathways 
from the cerebrum and is important for monitoring 
and control of voluntary movements. 

• The cerebellum also receives three afferent pathways 
from the spinal cord, all of which supply the cere
bellum with muscle and joint information of the limb 
and trunk. 

Cerebellar Efferent Fibers 

• The output of the cerebellum Is through PurkJnje 
cell axons, most of which synapse on the neurons of 
the deep cerebellar nuclei. 

• The efferent ftbers from the deep nuclei connect with 
the red nucleus (Blobose-embolifonn-rubraI), thalamus 
( dentatothalamlc ), vestibular complex (fastigial 
vestibular), and reticular formation (fastlgial reticular). 

Cerebellar Functions 

• The cerebellum functions as a coordinator of 
precise movements by continually comparing the 
output of the motor area of cerebral cortex with the 
proprioceptive tnfonnation received from the site of 
muscle action, and makes necessary adjustments. 
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e Clinical Problem Solving 

1. A 10-year-old girl is taken to a neurologist because 
her parents notice that her gait is becoming awk
ward. Six months previously, the child had com
plained that she felt her right arm is clumsy, and 
she had Inadvertently knocked a teapot off the 
table. More recently, her family notices that her 
hand movements are becoming Jerky and awkward; 
this Is particularly obvious when she ls eating with 
a knife and fork. The mother comments that her 
daughter has had problems with her right foot since 
birth and that she had a clubfoot. She also has sco
liosis and is attending an orthopedic surgeon for 
treatment. The mother said she is particularly wor
ried about her daughter because two other mem
bers of the family had similar signs and symptoms. 

On physical examination, the child Is found to 
have a lurching gait with a tendency to reel over to 
the right. Intention tremor is present in the right arm 
and the right leg. When the strength of the limb mus
cles is tested, those of the right leg are found to be 
weaker than those of the left leg. The muscles of the 
right arm and right lower leg are also hypotonic. She 
has severe pes cavus of the right foot and a slight pes 
caws of the left foot. Kyphoscoliosis of the upper 
part of the thoracic vertebral column also is present. 

On examination of her sensory system, she 
Is found to have loss of muscle joint sense and 
vibratory sense of both legs. She also has loss of 
two-point discrimination of the skin of both legs. 
Her knee jerks are found to be exaggerated, but her 
ankle jerks are absent. The biceps and triceps jerks 
of both arms are normal. She has bilateral Babinski 
responses. Slight nystagmus Is present in both eyes. 
Using your knowledge of neuroanatomy, explain the 
symptoms and signs listed for this patient. Did 
the disease process involve more than one area of 
the central nervous system? Explain. 

2. Two physicians are talking in the street when one 
turns to the other and says, "Look at that man over 
there. Look at the way he is walking. He Is not swing
ing his right arm at all; it is just hanging down by his 
side. I wonder If he has a cerebellar lesion." Does a 
person with a unilateral cerebellar hemisphere tumor 
tend to hold the arm limply at the side when he walks? 

3. A 37-year-old man visits his physician because he has 
noticed clumsiness of his right arm. The symptoms 
started 6 months previously and are getting worse. 
He also notices that his right hand has a tremor when 
he attempts fine movements or tries to insert a key in 
a lock. When he walks, he notices that now and again 
he tends to reel over to the right, "as If he had too 
much alcohol to drink." On physical examtnatton, the 
face is tilted slightly to the left, and the right shoulder 
is held lower than the left. Passive movements of the 
arms and legs reveal hypotonia and looseness on 
the right side. When asked to walk heel to toe along 
a straJght line on the floor, the patient sways over to 
the right side. When he was asked to touch his nose 
with his right Index finger, the right hand displays 
tremor, and the finger tends to overshoot the target. 
Speech is normal, and nystagmus is not present. 
Using your lmowledge of neuroanatomy, explain each 
sign and symptom. Is the lesion of the cerebellum 
likely to be in the mldllne or to one side? 

4. A 4~year-old boy is taken to a neurologist because 
his mother is concerned about his attacks of vomit
ing on waking in the morning and his tendency to be 
unsteady on standing up. The mother also notices 
that the child walks with an unsteady gait and often 
falls backward. On physical examination, the child 
tends to stand with the legs well apart-that is, broad 
based. The head is larger than normal for his age, and 
the suture lines of the skull can be easily felt A retinal 
examination with an ophthalmoscope shows severe 
papllledema In both eyes. The muscles of the upper 
and lower limbs show some degree of hypotonla. 
Nystagmus ts not present, and the child showed no 
tendency to fall to one side or the other when asked 
to walk. Using your knowledge of neuroanatomy, 
explain the symptoms and signs. Is the lesion in the 
cerebellum likely to be in the midline or to one side? 

5. During a ward round, a third-year student is asked to 
explain the phenomenon of nystagmus. How would 
you have answered that question? Why do patients 
with cerebellar disease exhibit nystagmus? 

6. What Is the essential difference between the symp
toms and signs of acute and chronic lesions of the 
cerebellum? Explain these differences. 

9 Answers and Explanations to Clinical Problem Solving 

1. This 10-year-old girl had the symptoms and signs 
of Friedreich ataxia, an inherited degenerative 
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, hypotonlclty of 
the right arm and right leg, and nystagmus of both 
eyes. 

Involvement of the fasciculus gracllis was evi
denced by loss of vibratory sense, loss of two-point 



discrimination, and loss of muscle Joint sense of the 
lower limbs. 

Cortlcosplnal tract degeneration resulted In 
weakness of the legs and the presence of the 
BabinskJ plantar response. The exaggerated knee 
jerks were due to the 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 51-52 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. 

2. Yes. A person who has a willateral lesion involvlng 
one cerebellar hemisphere demonstrates absence 
of coordination 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 also all associated muscle activ
ity. For example. a normal person when walkJng 
swings hls or her arms at both sides; with cerebellar 
disease, this activity would be lost on the side of the 
lesion. 

3. This man, at operation, was found to have an astro
cytoma of the right cerebellar hemisphere. This fact 
explains the occurrence of unilateral symptoms and 
signs. The lesion was on the right side, and the clum
siness, tremor, muscle incoordination, and hypo
tonia occurred on the right side of the body. The 
progressive worsening of the cllnical condition could 
be explained on the basis that more and more of the 
cerebellum was becoming destroyed as the tumor 
rapidly expanded. The flaccldlty of the muscles of 
the right arm and leg was due to hypotonia. that is, 
a removal of the 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 caused 
by the lack of cerebellar influence on the process of 
coordination between different groups of muscles. 
The falllng 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. 

4. The diagnosis was medulloblastoma of the brain 
in the region of the roof of the fourth ventricle, 

G Review Questions 

Directions: Each of the numbered items ln this section 
ls followed by answers. Select the ONE lettered answer 
that is CORRECT. 

1. The following statements concern the gross appear
ance of the cerebellum: 
(a) It is separated from the occipital lobes of the 

cerebral hemispheres by the tentorlum cerebelll. 
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with Involvement of the vermls of the cerebellum. 
The child died 9 months later after extensive deep 
x-ray therapy. The sudden onset of vomitlng, the 
Increased size of the head beyond normal llmlts, 
the sutural separation, and the severe bilateral pap
llledema could all be accounted for by the rapid rise 
In intracranlal 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, indicate a tumor involving the ver
mis. 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 invaded the fourth ventricle 
extensively, and there was evidence of internal 
hydrocephalus because the cerebrospinal fluid had 
been wiable to escape through the foramina in the 
roof of the fourth ventricle. 

5. Nystagmus, an involuntary oscillation of the eye
ball, may occur physiologically, as when a person 
watches rapidly moving objects, or by rapid rota
tion of the body. It commonly occurs in diseases 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 understanding of the 
different forms of nystagmus, a textbook of neurolo
gy should be consulted. Also see page 242. 

6. Acute lesions, such as those resultlng from a throm
bosis of a cerebellar artery or a rapidly growing 
tumor, produce sudden severe symptoms and signs 
because of 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 by the fact that the cerebel
lum influences muscular activity not directly, but 
indirectly, through the vestibular nuclei, reticular 
formation, red nucleus, tectum, and corpus striatum 
and the cerebral cortex; it may be that these other 
areas of the central nervous system (CNS) take over 
this function. Jn chronlc lesions, the symptoms and 
signs are much less severe, and there ts enough time 
to allow other CNS areas to compensate for loss of 
cerebellar function. 

(b) It lies anterior to the medulla oblongata and the 
pons. 

(c) The anterior lobe is separated from the middle 
(posterior) lobe by the uvulonodular fissure. 

( d) The flocculonodular lobe is separated from the 
middle {posterior) lobe by the horizontal fissure. 

(e) The third ventricle lies anterior to the cerebel
lum. 
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2. The following general statements concern the cere
bellum: 
(a) The cerebellum greatly influences the activity 

of smooth muscle. 
(b) The cerebellum has no influence on the skeletal 

muscles supplied by the cranial nerves. 
(c) Each cerebellar hemisphere controls the tone 

of skeletal muscles supplied by spinal nerves 
on the same side of the body. 

( d) The important Purkinje cells are Golgi type II 
neurons. 

(e) The Purklnje cells exert a stimulatory influence 
on the intracerebellar nuclei. 

3. The following statements concern the structure of 
the cerebellum: 
(a) The cerebellum consists of two cerebellar hemi

spheres joined by a narrow median vermis. 
(b) The inferior surface of the cerebellum shows a 

deep groove formed by the superior surface of 
thevermis. 

(c) The inferior cerebellar peduncles join the cere
bellum to the pons. 

(d) The gray matter is confined to the cerebellar 
cortex. 

(e) The gray matter of folia of the dentate nucleus 
has a branched appearance on the cut surface, 
called the arbor vitae. 

4. The following statements concern the structure of 
the cerebellar cortex: 
(a) The cortex is folded by many vertical fissures 

into folia. 
(b) The structure of the cortex differs widely in 

different parts of the cerebellum. 
(c) The Purkinje cells are found in the most super

flclal layer of the cortex. 
(d) The Golgi cells are found in the most superficial 

layer of the cerebellar cortex. 
( e) The axons of the Purkinje cells form the efferent 

fibers from the cerebellar cortex. 
5. The following statements concern the intracerebel

lar nuclei: 
(a) The nuclei are found within the superficial lay

ers of the white matter. 
(b) The nuclei are located in the walls of the fourth 

ventricle. 
(c) The nuclei are composed of many small unipo

lar neurons. 
( d) The axons of the nuclei form the main cerebel

lar outflow. 
(e) From medial to lateral, the nuclei are named 

as follows: dentate, emboliform, globose, and 
fastigial. 

6. The following statements concern the cerebellar 
peduncles: 
(a) In the superior cerebellar peduncle, most of the 

fibers are afferent and arise from the neurons of 
the spinal cord. 

(b) The anterior spinocerebellar tract enters the 
cerebellum through the superior cerebellar 
peduncle. 

(c) The inferior cerebellar peduncle is made up 
exclusively of fibers that pass from the inferior 
olivary nuclei to the middle lobe of the cerebel
lar hemisphere. 

(d) The middle cerebellar peduncle is formed of 
fibers that arise from the dentate nuclei. 

(e) The cerebellar peduncles are surface structures 
that are difficult to see even by brain dissection. 

7. The following statements concern the afferent 
fibers entering the cerebellum: 
(a) The mossy fibers end by making synaptic con

tacts with the dendrites of the Purkinje cells. 
(b) The fibers enter the cerebellum mainly through 

the internal and external arcuate fibers. 
(c) The climbing and mossy fibers constitute the 

two main lines of input to the cerebellar cortex. 
(d) The afferent fibers are Inhibitory to the Purklnje 

cells. 
(e) The afferent fibers to the cerebellum are non

myelinated. 
8. The following statements concern the functions of 

the cerebellum: 
(a) The cerebellum influences the actions of mus

cle tendons. 
(b) The cerebellum controls voluntary movement 

by coordinating the force and extent of contrac
tion of different muscles. 

(c) The cerebellum stimulates the contraction of 
antagonistic muscles. 

(d) The cerebellum directly influences skeletal 
muscle activity without the assistance of the 
cerebral cortex. 

(e) The cerebellum coordinates the peristaltic 
waves seen in intestinal muscle. 

9. The following statements concern the cerebellum: 
(a) The afferent climbing fibers make single synap

tic contacts with individual Purkinje cells. 
(b) The afferent mossy fibers may stimulate many 

Purkinje cells by first stimulating the stellate cells. 
(c) The neurons of the intracerebellar nuclei send 

axons without interruption to the opposite cere
bral hemisphere. 

( d) The output of the cerebellar nuclei influences 
muscle activity so that movements can progress 
in an orderly sequence from one movement to 
the next. 

(e) Past-pointing Is caused by the failure of the cere
bral cortex to inhibit the cerebellum after the 
movement has begun. 

10. The following statements concern the cerebellum: 
(a) The cerebellar cortex has a different microscopic 

structure in different individuals. 
(b) The axons of the Purkinje cells exert an inhibi

tory influence on the neurons of the deep cere
bellar nuclei. 

(c) Each cerebellar hemisphere principally influ
ences movement on the opposite hand. 

( d) The part of the cerebellum that lies in the mid
line is called the flocculus. 

(e) Intention tremor is a sign of cerebellar disease. 



Directions: Matching Questions. Following thrombosis 
of the posterior inferior cerebellar artery, a patient 
presents the numbered signs and symptoms listed 
below; match the signs and symptoms with the appro
priate lettered structures involved. Each lettered option 
may be selected once, more than once, or not at all. 

11. Loss of pain and temperature on the left side of the 
body 

12. Nystagmus 
13. Hypotonicity of the muscles on the right with a ten

dency to fall to the right 
(a) Right reticulospinal tract 
(b) Right inferior cerebellar peduncle 
(c) None of the above 

Directions: Match the numbered nerve tracts llsted 
below with the lettered pathways by which they leave 
the cerebellum. Each lettered option may be selected 
once, more than once, or not at all. 

14. Corticopontocerebellar 
15. Cuneocerebellar 
16. Cerebellar reticular 
17. Cerebellar rubral 

(a) Superior cerebellar 
peduncle 

(b) Corpus callosum 
(c) Striae medullarls 
(d) Inferior cerebellar 

peduncle 
( e) Middle cerebellar 

peduncle 
(f) None of the above 
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Directions: Each case history ls followed by questions. 
Read the case history, then select the ONE BEST lettered 
answer. 

A 45-year-old man, who was an alcoholic, started to 
develop a lurching, staggering gait even when he was 
not intoxicated. The condition became slowly worse 
over a period of several weeks and then appeared to 
stabilize. Friends noticed that he had difficulty In walking 
in tandem with another person and tended to become 
unsteady on turning quickly. 

18. A thorough physical examination of this patient 
revealed the following findings except: 
(a) The patient exhibited Instability of trunk move

ments and lncoordinatlon of leg movements. 
(b) While standing still, the patient stood with his 

feet together. 
( c) He had no evidence of polyneuropathy. 
(d) The ataxia of the legs was confirmed by per

forming the heel-to-shin test. 
(e) Magnetic resonance Imaging showed evidence 

of atrophy of the cerebellar vennis. 
19. The following additional abnormal signs might have 

been observed In this patient except: 
(a) Nystagmus In both eyes 
(b) Dysarthrla 
(c) Tremor of the left hand when reaching for a cup 
(d) Paralysis of the right upper arm muscles 
( e) Dysdiadochokinesia 

• Answers and Explanations to Review Questions 

1. A is correct. The cerebellum is separated from the 
occipital lobes of the cerebral hemisphere by the ten
torium cerebelll. 8. The cerebellum lies posterior to 
the medulla oblongata (see Fig. 6-1). C. The anterior 
lobe ls separated from the middle (posterior) lobe by 
the primary fissure (see Fig. 6-3). D. The flocculonod
ular lobe ls separated from the middle (posterior) 
lobe bythe uvulonodular fissure (see Fig. 6-3). E. The 
fourth ventricle lies anterior to the cerebellum (see 
Fig. 6-1). 

2. C is correct. Each cerebellar hemisphere controls 
the tone of skeletal muscles supplied by spinal 
nerves on the same side of the body. A. The cer
ebellum has no effect on the activity of smooth 
muscle. B. The cerebellum has the same influence 
on the skeletal muscle supplied by cranial nerves 
as on that supplied by spinal nerves. D. The Import
ant Purkinje cells are Golgl type I neurons. E. The 
Purk:inje cells exert an Inhibitory Influence on the 
intracerebellar nuclei. 

3. A is correct. The cerebellum consists of two cer
ebellar hemispheres joined by a narrow median 
vermis (see Fig. 6-2). B. The inferior surface of 
the cerebellum shows a deep groove fonned by the 
inferior surface of the vermis (see Fig. 6-2). C. The 
inferior cerebellar peduncle joins the cerebellum 

to the medulla oblongata (see Fig. 6-9). D. The gray 
matter of the cerebellum is found In the cortex and 
in the three masses forming the lntracerebellar 
nuclei. E. The white matter and folla of the cortex. 
have a branched appearance on the cut surface, 
called the arbor vitae (see Fig. 6-1). 

4. E is correct. The axons of the Purkinje cells form the 
efferent fibers from the cerebellar cortex. A. The cer
ebellar cortex is folded by many transverse fissures 
into folia (see Fig. 6-1). B. The structure of the cor
tex is identical in different parts of the cerebellum. 
C. The Purkinje cells are found in the middle layer 
of the cerebellar cortex (see Fig. 6-4). D. The Golgi 
cells are found in the deepest (granular) layer of the 
cerebellar cortex (see Fig. 6-4). 

5. D ls correct. The axons from the neurons of the 
intracerebellar nuclei form the main cerebellar out
flow. A. The lntracerebellar nuclei are deeply embed
ded In the white matter (see Fig. 6-7). B. The nuclei 
are located posterior to the roof of the fourth ven
tricle (see Fig. 6-7). C. The nuclei are composed of 
large multipolar neurons. E. From medial to lateral, 
the nuclei are named as follows: fastigial, globose, 
emboliform, and dentate (see Fig. 6-7). 

6. B is correcL The anterior spinocerebellar tract enters 
the cerebellum through the superior cerebellar 
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peduncle (see Fig. 6-11). A. In the superior cere
bellar peduncle, most of the fibers are efferent and 
arise from the neurons of the intracerebellar nuclei 
(see Fig. 6-12). C. The inferior cerebellar peduncle 
contains afferent fibers of the posterior spinocere
bellar tract, the cuneocerebellar tract, the vestibular 
nucleus, and the olivocerebellar tract (see Figs. 6-10 
and 6-11). In addition, efferent fibers come from the 
cerebellum, including the fastigial vestibular path
way and the fastigial reticular pathway (see Fig. 6-12). 
D. The middle cerebellar peduncle is formed of fibers 
that arise from the pontine nuclei (see Fig. 6-10); 
other fibers connect the cerebellar hemispheres of 
the two sides together (see Fig. 6-12). E. The cerebel
lar peduncles are surface structures and are easily 
seen on dissection. 

7. C is correct. The climbing and mossy fibers of the 
cerebellum constitute the two main lines of input 
to the cerebellar cortex. A. The mossy fibers end 
by malting synaptic contacts with the dendrites of 
the granular cells and the Golgi cells (see Fig. 6-8). 
B. The afferent fibers enter the cerebellum through 
the superior, inferior, and middle cerebellar pedun
cles. D. The afferent fibers are excitatory to the Pur
kinje cells. E. The afferent fibers to the cerebellum 
are myelinated. 

8. B is correct. The cerebellum controls voluntary 
movement by coordinating the force and extent of 
contraction of different muscles. A. The cerebellum 
influences the actions of muscles not tendons. 
C. The cerebellum inhibits the contraction of antag
onistic muscles. D. The cerebellum indirectly influ
ences skeletal muscle activity with the assistance of 
the cerebral cortex. E. The cerebellum has no effect 
on the control of smooth muscle in the wall of the 
intestine. 

9. D is correct. The output of the cerebellar nuclei 
influences muscle activity so that movements can 
progress in an orderly sequence from one move
ment to the next. A. The afferent climbing fibers 
make multiple synaptic contacts with 1 to 10 Purkin
je cells. B. The afferent mossy fibers may stimulate 
many Purkinje cells by first stimulating the granular 
cells. C. The neurons of the intracerebellar nuclei 
send axons to the ventrolateral nucleus of the thal
amus, where they are relayed to the cerebral cortex 
(see Fig. 6-12). E. Past-pointing is caused by the fail
ure of the cerebellum to inhibit the cerebral cortex 
after the movement has begun. 

10. E is correct. Intention tremor is a sign of cerebellar 
disease. A. The cerebellar cortex has the same uni
form microscopic structure in different individuals. 
B. The axons of the Purkinje cells exert a stimulato
ry influence on the neurons of the deep cerebellar 
nuclei. C. Each cerebellar hemisphere principally 
influences movement on the same side of the body. 
D. The part of the cerebellum that lies in the midline 
is called the vermis. 

11. C is correct. 
12. B Is correct: right inferior cerebellar peduncle. 
13. B is correct: right inferior cerebellar peduncle. 
14. Eis correct: middle cerebellar peduncle. 
15. D is correct: inferior cerebellar peduncle. 
16. D is correct: inferior cerebellar peduncle. 
1 7. A is correct: superior cerebellar peduncle. 
18. B is correct. Patients with cerebellar disease fre

quently exhibit poor muscle tone, and to compen
sate for this, they stand stiff legged with their feet 
wide apart. 

19. D is correct. Although patients with cerebellar dis
ease display disturbances of voluntary movement, 
none of the muscles are paralyzed or show atrophy. 



Cerebrum 

CHAPTER OBJECTIVES 

• To Introduce the student to the complexities of the 
forebraln 

• To understand the defmition of the diencephalon 
and accurately localize the thalamus and 
hypothalamus by studying the sagittal, coronal, 
and horizontal sections of the brain 

A 23-year-old man is referred to a neurologist because of 
intermittent attacks of headaches, dizziness, and weak
ness and numbness of the left leg. On close questioning, 
the patient admits that the headache is made worse by 
changing the position of his head. A computed tomog
raphy (CO scan reveals a small white opaque ball at the 
anterior end of the third ventricle. A diagnosis of a colloid 
cyst of the third ventricle is made. 

The aggravation of the headache caused by changing 
the position of the head can be explained by the fact 

The cerebral hemispheres are developed from the tel
encephalon and form the largest part of the brain. Ea.ch 
hemisphere has a covering of gray matter, the cortex 
and internal masses of gray matter, the basal nuclei, and 
a lateral ventricle. The basic anatomical structure of this 
area is described so that the student can be prepared for 
the complexities associated with fwictlonal localization. 

SUBDIVISIONS 
The cerebrum is the largest part of the brain, situated. in 
the anterior and middle cranial fossae of the skull and 
occupying the whole concavity of the vault of the skull. 
It may be divided Into two parts: the dlencephalon, 
which forms the central core, and the telencephalon, 
which forms the cerebral hemllpheres. 

DIENCEPHALON 
The dlencephalon consists of the third ventricle and the 
structures that form Its boundaries (Figs. 7-1 and 7-2). 

• To understand the exact position of the main 
conduit of the ascending and descending tracts, 
namely the Internal capsule, which Is so often the 
site of pathologic lesions 

that the cyst is mobile and suspended from the choroid 
plexus. When the head is moved into certain positions, 
the ball-like cyst blocks the foramen of Monro on the 
right side, further raising the intracerebral pressure and 
increasing the hydrocephalus. The weakness and numb
ness of the left leg are due to pressure on the right 
thalamus and the tracts in the right internal capsule, 
produced by the slowly expanding tumor. The patient 
makes a complete recovery after surgical excision of the 
tumor. 

It extends posteriorly to the point where the third ven
tricle be<:omes continuous with the cerebral aqueduct 
and anteriorly as far as the interventricular foramina 
(Fig. 7-3). Thus, the diencephalon is a midline structure 
with symmetrical right and left halves. Obviously, these 
subdivisions of the brain are made for convenience, and 
from a functional point of view, nerve fibers freely cross 
the boundaries. 

Gross Features 
The lnferlor surface of the dtencephalon Is the only 
area exposed to the surface In the intact brain (see 
Fig. 7-2; see also Atlas Plate I). It ls formed by hypo
thalamic and other structures, which include, from 
anterior to posterior, the opifc chlaema, with the opifc 
tract on either side; the lnfundibulum, with the tuber 
clnereum; and the mammlllary bodies. 

The superior mrface of the diencephalon is con
cealed by the fomtx, which is a thick bundle of fibers 
that originates In the hlppocampus of the temporal lobe 
and arches posteriorly over the thalamus (see Fig. 7-3; 
see also Atlas Plate 8) to join the mammlllary bocly. 
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Flgu ... 7-1 Horizontal section of the brain showing the third and lateral ventricles exposed by 
dissection from above. 

The actual superior wall of the diencephalon is formed 
by the roof of the thlrcl ventricle. This consists of a 
layer of ependyma, which is continuous with the rest of 
the ependymal lining of the third ventricle. It is covered 
superiorly by a vascular fold of pla mater, called the tela 
choroldea of the third venldcle. From the roof of the 
third ventricle, a pair of vascular processes, the cho
roid plexuses of tile thlrd. ventricle, project downward 
from the mldline into the cavity of the third ventricle. 

The lateral 8111'.face of the diencephalon is bounded 
by the Internal capsule of white matter and consists of 
nerve fibers that connect the cerebral cortex with other 
parts of the brainstem and spinal cord (see Fig. 7-1). 

Because the diencephalon is divided into symmetrical 
halves by the slitJike third ventricle, it also has a medial 
8111'face. The medial surface of the diencephalon (i.e., the 
lateral wall of the third ventricle) Is fonned In Its supe
rior part by the medial surface of the 1halam111 and In Its 
Inferior part by the hypoChalamus (see flg. 7-3; see also 

Atlas Plate 8). These two areas are separated from one 
another by a shallow sulcus, the hypntb•lamlc sulcm. 
A bundle of nerve fibers, which are afferent fibers to 
the habenular nucleus, forms a ridge along the superior 
margin of the medial surface of the dlencephalon and ls 
called the llrla medullarls tbalaml (see Fig. 7-1). 

The dlencephalon can be dtvlded into four major parts: 
(1) the thalamus, (2) the subthalamus, (3) the eplthala
mus, and ( 4) the hypothalamus. 

Thalamus 
The thalamus is a large ovoid mass of gray matter that 
forms the major part of the diencephalon. It is a region 
of great functional importance and serves as a cell sta
tion to all the main sensory systems (except the olfac
tory pathway). The activities of the thalamus are closely 
related to that of the cerebral cortex and damage to the 
thalamus causes great loss of cerebral fWlctlon. 
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The thalamus ls situated on each side of the third 
ventricle (see Fig. 7-3; see also Atlas Plate 5). The ante
rior end of the thalamus ls narrow and rounded and 
forms the posterior boundary of the lnterventricular 
foramen. The posterior end (Fig. 7-4) is expanded to 
form the pulvtnar. which overhangs the superior collic
ulus and the superior brachium. The lateral geniculate 
body forms a small elevation on the under aspect of the 
lateral portion of the pulvinar. 

The superior surface of the thalamus ts covered 
medially by the tela choroldea and the fomix, and 
laterally, it ts covered by ependyma and forms part 

of the floor of the lateral ventricle; the lateral part Is 
partially hidden by the choroid plexus of the lateral 
ventricle (see Fig. 7-1). The inferior surface is continu
ous with the tegmentum of the midbrain (see Fig. 7-3). 

The medial surface of the thalamus forms the supe
rior part of the lateral wall of the third ventricle and is 
usually connected to the opposite thalamus by a band 
of gray matter, the lnterthal•mlc connection (intertha
lamic adhesion) (see Fig. 7-3). 

The lateral surface of the thalamus ts separated from 
the lentlform nucleus by the very Important band of 
white matter called the Internal capsule (see Fig. 7-1). 



The subdivisions of the thalamus (see Fig. 7-4) and 
the detailed description of the thalamic nuclei and their 
connections are given on first page of Chapter 12. 

The thalamus is a very Important cell station that 
receives the main sensory tracts (except the olfactory 
pathway). It should be regarded as a station where 
much of the information is integrated and relayed to the 
cerebral cortex and many other subcortical regions. It 
also plays a key role In the Integration of visceral and 
somatic functions. For more Information on the fwic
tlon of the thalamus, see Chapter 12. 

Subthalamus 
The subthalamus lies Inferior to the thalamus and, 
therefore, Is situated between the thalamus and the teg
mentum of the midbrain; craniomedially, it is related to 
the hypothalamus. 

The structure of the subthalamus is extremely com
plex. and only a brief description is given here. Among 
the collections of nerve cells found in the subthalamus 
are the cranial ends of the red nuclei and the subltan
tia nlgra. The abthalamlc nucleus has the shape of a 
biconvex lens. The nucleus has important connections 
with the corpus strlatum (seep. 310); as a result, it Is 
involved in the control of muscle activity. 

The subthalamus also contains many Important 
tracts that pass up from the tegmentum to the thalamlc 
nuclei; the cranial ends of the medial, spinal, and trl
geminal lemnisci are examples. 

Epithalamus 
The eplthalamus consists of the habenular nuclei and 
their connections and the pineal gland. 

Habanular Nucleus 

The habenular nucleus is a small group of neurons situ
ated just medial to the posterior surface of the thalamus. 
Afferent fibers are received from the amygdaloid nucleus 
in the temporal lobe (seep. 261) through the stria medul
larls thalami; other fibers pass from the hlppocampal 
formation through the fomix. Some of the fibers of the 
stria medullarls thalami cross the midllne and reach the 
habenular nucleus of the opposite side; these latter fibers 
form the babenular comml-ure (see Ag. 7"3). Axons 
from the habenular nucleus pass to the lnterpeduncu
lar nucleus In the roof of the interpeduncular fossa, the 
tectum of the midbrain, the thalamus, and the reticular 
formation of the midbrain. The habenular nucleus is 
believed to be a center for integration of olfactory, vis
ceral, and somatic afferent pathways. 

Pineal Gland (Body) 

The pineal gland is a small, conical structure that is 
attached by the pineal stalk to the diencephalon. It proj
ects backward so that it lies posterior to the midbrain 
(see Fig. 7-3; see also Atlas Plate 8). The base of the 
pineal stalk possesses a recess that is continuous with 
the cavity of the third ventricle. The superior part of the 
base of the stalk contains the habeoular COIDIDlmlure; 
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Figure 7-5 Photomicrograph of a section of the pineal gland 
stained with hematoxylin and eosin. (From Cui, D., Daley, W., 
Fratkin, J. D., Haines, D. E., 4'nch, J.C., Naftel, J. P., Yang, G. 
Atlas of Histology with Functional and Clinical Correlations. 
Baltimore, MD: Wolters Kluwer, 2011.) 

the inferior part of the base of the stalk contains the 
pmterior commh11mre. 

On microscopic section, the pineal gland ls seen to 
be incompletely divided Into lobules by connective 
tissue septa that extend into the substance of the 
gland from the capsule. Two types of cells are found 
In the gland, the plnealocytes and the gllal cells. 
Concretions of calcified material called brain sand 
progressively accumulate within the pineal gland with 
age (Fig. 7-5). 

The pineal gland possesses no nerve cells, but 
adrenergic sympathetic fibers derived from the supe
rior cervical sympathetic ganglia enter the gland and 
run In association with the blood vessels and the 
pinealocytes. 

Pineal Gland Function• 
The pineal gland, once thought to be of little signifi
cance, ls now recognized as an important endocrine 
gland capable of Influencing the activities of the pitu
itary gland, the Islets of Langerhans of the pancreas, 
the parathyroids, the adrenal cortex and the adrenal 
medulla, and the gonads. The pineal secretions, pro
duced by the pinealocytes, reach their target organs 
via the bloodstream or through the cerebrospinal 
fluid (CSF). Their actions are mainly inhibitory and 
either directly Inhibit the production of hormones or 
Indirectly inhibit the secretion of releasing factors by 
the hypothalamus. Notably, the pineal gland does not 
possess a blood-brain barrier. 

Animal experiments have shown that pineal activity 
exhibits a circadian rhythm that is influenced by light. 
The gland has been found to be most active during dark
ness. The probable nervous pathway from the retina 
runs to the suprachiasmatic nucleus of the hypothala
mus, then to the tegmentum of the midbrain, and then 
to the pineal gland to stimulate its secretions. The latter 
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part of this pathway may include the reticulospinal tract, 
the sympathetic outflow of the thoracic part of the spinal 
cord, and the superior cervical sympathetic ganglion 
and postganglionic nerve fibers that travel to the pineal 
gland on blood vessels. 

Melatonin and the enzymes needed for its produc
tion are present in high concentrations within the pineal 
gland. Melatonin and other substances are released into 
the blood or into the CSF of the third ventricle where 
they pass to the anterior lobe of the pituitary gland and 
inhibit the release of the gonadotrophic hormone. In 
humans, as in animals, the plasma melatonin level rises 
in darkness and falls during the day. The pineal gland 
apparently plays an important role ln the regulation of 
reproductive function. 

Hypothalamus 
The hypothalamus is that part of the diencephalon that 
extends from the region of the optic chiasma to the cau
dal border of the mammillary bodies (see Fig. 7-2; see 
also Atlas Plate 8). It lies below the hypothalamic sulcus 
on the lateral wall of the third ventricle. Thus, anatomi
cally, the hypothalamus is a relatively small area of the 
brain that is strategically well placed close to the limbic 
system, the thalamus, the ascending and descend
ing tracts, and the hypophysis. Microscopically, the 
hypothalamus is composed of small nerve cells that 
are arranged in groups or nuclei. The arrangement of 
these nuclei and their connections are fully described 
in Chapter 13. 

Physiologically, nearly all the activities In the 
body are Influenced by the hypothalamus. The hypo
thalamus controls and integrates the functions of the 
autonomic nervous system and the endocrine systems 
and plays a vital role in maintaining body homeostasis. 
It is involved in such activities as regulation of body 
temperature, body fluids, drives to eat and drink, sexual 
behavior, and emotion. 

Hypothalamic: Relations 
Anterior to the hypothalamus is an area that extends 
forward from the optic chiasma to the lamina terminalis 
and the anterior commissure; it is referred to as the pre
optlc area. Caudally, the hypothalamus merges into the 
tegmentum of the midbrain. The thalamus lies superior 
to the hypothalamus, and the subthalamic region lies 
inferolaterally to the hypothalamus. 

When observed from below, the hypothalamus ls 
seen to be related to the following structures, from 
anterior to posterior: (1) the optic chiasma, (2) the 
tuber cinereum and the infundibulum, and (3) the mam
millary bodies. 

Optic: Chiasma 
The optic chiasma is a flattened bundle of nerve fibers 
situated at the junction of the anterior wall and floor of 
the third ventricle (see Figs. 7-2 and 7-3; see also Atlas 
Plate 8). The superior surface ls attached to the lamina 
tenninalis, and inferiorly, it is related to the hypophysis 

cerebri, from which it is separated by the dlaphragma 
sellae. The anterolateral comers of the chiasma are con
tinuous with the optic nerves, and the posterolateral 
corners are continuous with the optic tracts. A small 
recess, the optic receu of the third ventricle, lies on 
its superior surface. 

Importantly, remember that the fibers originating 
from the nasal half of each retina cross the median plane 
at the chiasma to enter the optic tract of the opposite 
side. 

Tuber Cinereum 
The tuber cinereum is a convex mass of gray matter, 
as seen from the inferior surface (see Figs. 7-2 and 7-3; 
see also Atlas Plate 8). It ls continuous Inferiorly with 
the infundibulum. The infundibulum is hollow and 
becomes continuous with the posterior lobe of the 
hypophym cerebri. The median eminence is a raised 
part of the tuber cinereum to which is attached the 
infundibulum. The median eminence, the infundibulum, 
and the posterior lobe (pars nervosa) of the hypophy
sls cerebrl together form the neurohypophym. 

Mammillary Bodies 
The mammillary bodies are two small hemispherical 
bodies situated side by side posterior to the tuber 
cinereum (see Figs. 7-2 and 7-3; see also Atlas Plate 8). 
They possess a central core of gray matter invested 
by a capsule of myelinated nerve fibers. Posterior to 
the mammillary bodies lies an area of the brain that Is 
pierced by a number of small apertures and is called 
the posterior perforated substance. These apertures 
transmit the central branches of the posterior cerebral 
arteries. 

Third Ventricle 
The third ventricle, which is derived from the forebrain 
vesicle, is a slitlike cleft between the two thalami (see 
Figs. 7-1 and 7-3; see also Atlas Plates 5 and 8). It com
municates anteriorly with the lateral ventricles through 
the lnterventricular foramlna (foramina of Monro), and 
it communicates posteriorly with the fourth ventricle 
through the cerebral aqueduct. The third ventricle has 
anterior, posterior, lateral, superior, and inferior walls 
and is lined with ependyma. 

The anterior wall is formed by a thin sheet of gray 
matter, the lamina terminalls, across which runs the 
anterior commissure (see Fig. 7-3). The anterior com
missure is a round bundle of nerve fibers that are sit
uated anterior to the anterior columns of the fornix; 
they connect the right and left temporal lobes. 

The posterior wall is formed by the opening into the 
cerebral aqueduct. Superior to this opening is the small 
posterior colllllliMure. Superior to the commissure is 
the pineal receu, which projects into the stalk of the 
pineal body. Superior to the pineal recess is the small 
habenular commbsure. 

The lateral wall is formed by the medial surface 
of the thalamus superiorly and the hypothalamus 



Inferiorly. These two structures are separated by the 
hypothalamic sulcu. The lateral wall ls limited superi
orly by the lb'la medullarls thalami. The lateral walls 
are Joined by the lnterthalamlc connection. 

The superior wall or roof is formed by a layer 
of ependyma that is continuous with the lining of 
the ventricle. Superior to this layer is a two-layered 
fold of pia mater called the tela choroldea of the 
third ventricle. The vascular tela choroidea projects 
downward on each side of the midline, invaginating 
the ependymal roof to form the choroid plewaes 
of the third ventricle. Within the tela choroldea lie 
the Internal cerebral veins. Superiorly, the roof of 
the ventricle Is related to the fornh: and the corpu 
c:allOSlllD. 

The Inferior wall or floor is formed by the optic 
chtuma, the tuber clnereum, the lnfundlbulum, with 
Its fwmel-shaped recess, and the mammlJJary bodies 
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(see Ftgs. 7-2 and 7-3). The hypophyals Is attached to 
the lnfundibulum. Posterior to these structures Iles the 
tegmentum of the cerebral peduncles. 

The ventricular system ls fully described in Chapter 16. 

GENERAL APPEARANCE OF THE 
CEREBRAL HEMISPHERES 
The cerebral hemispheres are the largest part of the 
brain; they are separated by a deep midline sagittal 
fissure, the longitudinal cerebral flllure (Fig. 7-6; see 
also Atlas Plates 1 and 2). The fissure contains the sick
le-shaped fold of dura mater, the tab: cerebrl, and the 
anterior cerebral arteries. In the depths of the fissure, 
the great commissure, the corpus c:all081DD, coMects 
the hemispheres across the midllne. A second horizontal 
fold of dura mater separates the cerebral hemispheres 
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F'igure 7-6 Superior view of the cerebral hemispheres. 
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Figure 7-7 Lateral view of the right cerebral hemisphere. 

from the cerebellum and is called the tentorlum. 
cerebelll. 

To increase the surface area of the cerebral cortex 
maximally, the surface of each cerebral hemisphere Is 
thrown into folds or gyrt, which are separated from 
each other by said or ftlaure. For ease of descrip
tlon, each hemisphere Is divided into lobes, which are 
named according to the cranial bones under which 
they lie. The central and parlelo-ocdpltal 111lc1 and 
the lateral and c:alcarlne suld are boundaries used 
for the division of the cerebral hemisphere into frontal, 
parietal, temporal, and ocdpltal lobee (Fig. 7-7; also 
see Fig. 7-10). 

MAIN SULCI 
The central sulcus (see Fig. 7-7; see also Atlas Plate 3) is 
of great importance be<:ause the gyrus that lies anterior 
to it contains the motor cells that initiate the move
ments of the opposite side of the body; posterior to it 
lies the general sensory cortex that receives sensory 
information from the opposite side of the body. The 
central sulcus indents the superior medial border of 
the hemisphere about 0.4 In (1 cm) behind the midpoint 
(Fig. 7-8). It runs downward and forward across the lat
eral aspect of the hemisphere, and Its lower end is sep
arated from the posterior ramus of the lateral sulcus by 
a narrow bridge of cortex. The central sulcus Is the only 

sulcus of any length on this surface of the hemisphere 
that indents the superomedtal border and lies between 
two parallel gyrl. 

The lateral lulcus (see Fig. 7-7; see also Atlas Plate 3) 
is a deep cleft found mainly on the inferior and lateral 
surfaces of the cerebral hemisphere. It consists of a 
short stem that divides Into three rami. The stem arises 
on the inferior surface, and on reaching the lateral sur
face, it divides into the anterior horizontal nunus and 
the anterior ucencllng ramus and continues as the 
pollerlor ramua (see Fig. 7-7). An area of cortex called 
the lD.8ula lies at the bottom of the deep lateral sulcus 
and cannot be seen from the surface unless the lips of 
the sulcus are separated (Fig. 7-9). 

The perleto-occlpltal solcus begins on the superior 
medial margin of the hemisphere about 2 in (5 cm) 
anterior to the occipital pole (see Fig. 7-8; see also 
Atlas Plate 3). It passes downward and anteriorly on 
the medial surface to meet the calcarlne sulcus (see 
Fig. 7-8). 

The calcarlne lulcus is found on the medial surface 
of the hemisphere (see Fig. 7-8; see also Atlas Plate 3). 
It commences under the posterior end of the corpus 
callosum and arches upward and backward to reach the 
occipital pole, where it stops. In some brains, however, 
it continues for a short distance onto the lateral surface 
of the hemisphere. The calcarine sulcus is joined at an 
acute angle by the parieto-occipital sulcus about half
way along Its length. 



Genu of 
c:orpus 

callosum 

Rostrum" ... 
/ 

Septum pellucidum 

Anterior c:ommissure I 

/ 
Unoos 

\ 
1, 

\ 
•, 

Main Sulci 257 

Central sulcus 

Paraoentral lobule 
/ Clngula1e suloos 

\ 
\ 

· ea1~nne 

sulcus 

" Collateral sulcus 

~---Lingual gyrus 
- Midbrain 

(oblique cut) 

··~ \ Parahippocampal gyrus 
Medial occipitotemporal gyrus 

Ooclpllotemporal sulcus 

L.aleral oocipitotemporal gyrus 

Figure 7-8 Medial view of the right cerebral hemisphere. 
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CEREBRAL HEMISPHERE LOBES 

Cerebral hemispheres are functionally divided into 
lobes, each of which are anatomically identified using 
specific gyri and sulci. 

Superolateral Surface (Atlas Plate 3) 
The frontal lobe occupies the area anterior to the cen
tral sulcus and superior to the lateral sulcus (Fig. 7-10). 
The superolateral surface of the frontal lobe is divided 
by three sulci into four gyri. The prec:entral lalcus runs 
parallel to the central sulcus, and the precentral gyros 
lies between them (see Fig. 7-7). Extending anteriorly 
from the precentral sulcus are the supedor and lnfedor 
frontal suld. The snpedor frontal on- Iles superior to 
the superior frontal sulcus, the middle frontal gyrm Iles 
between the superior and inferior frontal sulcl, and the 
Inferior frontal 1YnJS lies Inf erlor to the inferior frontal 
sulcus. The inferior frontal gyrus Is invaded by the ante
rior and ascending raml of the lateral sulcus. 

Parieto
oocipital 
sulcus 

----. Calcarlne 
sulcus 

Figure 7·10 A: Lateral view of the right cere
bral hemisphere showing the lobes. B: Medial 
view of the right cerebral hemisphere showing 
the lobes. Note that the dashed lines indicate 
the approximate position of the boundaries 
where no sulc:i are present. 

The parietal lobe occupies the area posterior to 
the central sulcus and superior to the lateral sulcus; 
it extends posteriorly as far as the parieto-occipital 
sulcus (see Figs. 7-7 to 7-10). The lateral surface of the 
parietal lobe Is divided by two sulcl into three gyrt. The 
postcentral sulcus runs parallel to the central sulcus, 
and the postcentral gyrus lies between them. Running 
posteriorly from the middle of the postcentral sulcus 
ls the lntraparletal sulcus (see Fig. 7-7). Superior to 
the lntraparietal sulcus Is the superior parietal lobule 
(gyros), and inferior to the intraparietal sulcus is the 
Inferior parietal lobule (gyrus ). 

The temporal lobe occupies the area inferior to the 
lateral sulcus (see Figs. 7-7 to 7-10). The lateral surface 
of the temporal lobe is divided into three gyri by two 
sulcl. The superior and middle temporal sulcl nm 
parallel to the posterior ramus of the lateral sulcus and 
divide the temporal lobe lnto the superior, middle, and 
lnferlor temporal gyrl; the inferior temporal gyrus ls 
continued onto the inferior surface of the hemisphere 
(see Fig. 7-7). 



The occipital lobe occupies the small area behind 
the parteto-occlpital sulcus (see Figs. 7-7 to 7-10). 

Medial and Inferior Surfaces 
(Auas Plates 3, 6, and 8) 

The lobes of the cerebral hemisphere are not clearly 
defined on the medial and inferior surfaces. However, 
many important areas should be recognized. The corpus 
callosom. which is the largest commissure of the brain, 
forms a striking feature on this surface (see Fig. 7-8). 
The clngulate gyrua begins beneath the anterior end of 
the corpus callosum and continues above the corpus 
callosum. until It reaches its posterior end. The gyrus Is 
separated from the corpus calloswn by the calloeal 1111-
cus. The clngulate gyrus ls separated from the superior 
frontal gyrus by the dngulate aulcus (see Fig. 7-8). 
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The paracentral lobule is the area of the cerebral 
cortex that surrounds the lndentatlon produced by the 
central sulcus on the superior border. The anterior part 
of thls lobule ls a continuation of the precentral gyrus 
on the superior lateral surface, and the posterior part of 
the lobule ls a continuation of the postcentral gyrus. 

The precuneus is an area of cortex bounded 
anteriorly by the upturned posterior end oftheclngulate 
sulcus and posteriorly by the parieto-occlpltal sulcus. 

The cuneus is a triangular area of cortex bounded 
above by the pariet0-0ecipital sulcus, inferiorly by 
the calcarine sulcus, and posteriorly by the superior 
medial margin. 

The collateral lulcua Is situated on the inferior sur
face of the hemisphere (F'ig. 7-11; also see Fig. 7-8). This 
runs anteriorly below the calcarlne sulcus. Between 
the collateral sulcus and the c:alcarlne l'Dlcus ls the 

Optic nerve 

~...,.._.~1t=;--"- Cerebral 
aqueduct 

~.Superior colliculus 

Splenium of corpus callosum 

Figure 7-11 Inferior view of the brain; the medulla oblongata, the pons, and the cerebellum have 
been removed. 
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lingual gyms. Anterior to the lingual gyros is the para
hlppocampal gyrus; the latter terminates In front as the 
hookllke UDCUI (see Fig. 7-11). 

The medial ocdpltotemporal orus extends from 
the occipital pole to the temporal pole. lt Is bounded 
medially by the collateral and rblnal 8Uld and laterally 
by the oc:dpltotemporal sulcus. The occlpltotemporal 
gyrua lies lateral to the sulcus and is continuous with 
the inferior temporal gyrus. 

On the inferior surface of the frontal lobe, the olfac
tory bulb and tract overlie a sulcus called the olf'acto:l'y 
aulcus. Medial to the olfactory sulcus is the gyrua recl.'m, 
and lateral to the sulcus are a number of orbital gyrt. 

INTERNAL STRUCTURE OF THE 
CEREBRAL HEMISPHERES 
(ATLAS PLATES 4 AND 5) 
The cerebral hemispheres are covered with a layer 
of gray matter, the cerebral cortex:; the structure 
and function of the cerebral cortex are discussed in 

Chapter 15. Located In the Interior of the cerebral 
hemispheres are the lateral ventricles, masses of gray 
matter, the basal nuclei, and nerve fibers. The nerve 
fibers are embedded In neuroglia and constitute the 
white matter (Fig. 7-12). 

Lateral Ventrides 
The two lateral ventricles each occupy one cerebral 
hemisphere (Fig. 7-13; also see Fig. 7-12). Each ventricle 
is a roughly C-shaped cavity lined with ependyma and 
filled with CSF. The lateral ventricle may be divided 
into a body, which occupies the parietal lobe, and from 
which anterior, pollerlor, and Inferior hol'DI ex.tend 
into the frontal, occipital, and temporal lobes, respec
tively. The lateral ventricle conununlcates with the cav
ity of the third ventricle through the lnterventrlcolar 
foramen (see Figs. 7-8 and 7-13). This opening, which 
lies In the anterior part of the medial wall of the lateral 
ventricle, ls bounded anteriorly by the anterior column 
of the fornb: and posteriorly by the anterior end of the 
thalamus. 
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Figure 7-12 Horizontal section of the cerebrum, as seen from above, showing the relationship 
between the lentiform nucleus, the caudate nudeus, the thalamus, and the internal capsule. 
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Basal Nudai 
The term basal nuclei (bual ganglia) is applied to a 
collection of masses of gray matter situated within each 
cerebral hemisphere. They are the corpus striatum, the 
amygdaloid nucleus, and the claustrum. 

Corpus Striatum 

The corpus striatum is situated lateral to the thalamus. 
It is almost completely divided by a band of nerve 
fibers, the Internal capsule, into the caudate nucleus 
and the lentiform nucleus (see Figs. 7-12 and 7-17). 

The caudate nucleos, a large C-shaped mass of gray 
matter that is closely related to the lateral ventricle, lies 
lateral to the thalamus (Fig. 7-14). The lateral surface 
of the nucleus Is related to the Internal capsule, which 
separates it from the lentlform nucleus. 

The lentlform. nucleus ls a wedge-shaped mass of 
gray matter whose broad convex base ls directed lat
erally and Its blade medially (see flgs. 7-12 and 7-14). 
It ls burled deep in the white matter of the cerebral 
hemisphere and ls related medially to the internal cap
sule, which separates it from the caudate nucleus and 

Figure 7·13 Ventricular cavities ofthe 
brain. A: Lateral view. B: Superior view. 

the thalamus. The lentlf orm nucleus Is related laterally 
to a thin sheet of white matter, the ezterna1 capsule 
(see Fig. 7-12), that separates lt from a thin sheet of gray 
matter, called the c1austrum. The claustnun, In turn, sep
arates the external capsule from the subcortical white 
matter of the insula. Inferiorly at its anterior end, the len
tiform nucleus is continuous with the caudate nucleus. 

The detailed structure and connections of the corpus 
striatum are considered in Chapter 10. Briefiy, it may be 
stated that the corpus striatum receives afferent fibers 
from different areas of the cerebral cortex, the thala
mus, subthalamus, and bralnstem. Efferent fibers then 
travel back to the same areas of the nervous system. 
The function of the corpus strlatum is concerned with 
muscular movement, which Is accomplished by con
trolllng the cerebral cortex rather than through direct 
descending pathways to the brainstem and spinal cord. 

Amygdalold Nucleus 

The amygdaloid nucleus is situated in the temporal 
lobe close to the uncus (see Fig. 7-14). The amygdaloid 
nucleus is considered part of the limbic system and is 
described in Chapter 9 (seep. 303). 
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Figure 7-14 Lateral view of the right cerebral hemisphere dissected to show the position of the 
lentiform nucleus, the caudate nucleus, the thalamus, and the hippocampus. 

Claustrum 

The claustrum is a thin sheet of gray matter that is sep
arated from the lateral surface of the lentiform nucleus 
by the ez.temaJ. capsule (see Fig. 7-12). Lateral to the 
claustrum Is the subcortlcal white matter of the lnsula. 
The function of the claustrum ls unknown. 

White Matter 
The white matter ls composed of myelinated nerve 
fibers of different diameters supported by neuroglla. 
The nerve fibers may be classified into three groups 
according to their connections: (1) commissural fibers, 
(2) association fibers, and (3) projection fibers. 

Commilsure Fibers 
Commissure fibers essentially connect corresponding 
regions of the two hemispheres. They are as follows: the 
corpus calloswn, the anterior commissure, the posterior 
commissure, the fornix. and the habenular commissure. 

The corpus callOAllD, the largest commissure of the 
brain, connects the two cerebral hemispheres (Fig. 7-15; 
see also Fig. 7-8 and Atlas Plate 8). It lies at the bottom 
of the longitudinal fissure. For purposes of description, 
It is divided into the rostrwn, the genu, the body, and 
the splenium. 

The ro.lb'um. Is the thin part of the anterior end of 
the corpus callosum, which ls prolonged posteriorly to 

be continuous with the upper end of the lamina terml
nalis (see Ftg. 7-8). 

The genu is the curved anterior end of the corpus 
callosum that bends inferiorly in front of the septum 
pellucidum (see Figs. 7-8 and 7-15). 

The body of the corpus callosum arches posteriorly 
and ends as the thickened posterior portion called the 
tplenlum. (see Fig. 7-15). 

Traced laterally, the fibers of the genu curve forward 
into the frontal lobes and form the forceps minor (see 
Fig. 7-158). The fibers of the body extend laterally as the 
ndladon of the corpus callosum. They intersect with 
bundles of association and projection fibers as they 
pass to the cerebral cortex. Some of the fibers form the 
roof and lateral wall of the posterior horn of the lateral 
ventricle and the lateral wall of the inferior horn of the 
lateral ventricle; these fibers are referred to as the tape. 
tum. Traced laterally, the fibers in the splenium arch 
backward Into the occipital lobe and form the f'on:eps 
maJor. 

The anterior comm18Slll"e is a small bundle of nerve 
fibers that crosses the midline in the lamina termlnalll 
(see Fig. 7-8). When traced laterally, a smaller or anterior 
bundle curves forward on each side toward the anterior 
perforated substance and the olfactory tract. A larger 
bundle curves posteriorly on each side and grooves the 
inferior surface of the lentlform nucleus to reach the 
temporal lobes. 
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Figure 7-15 A: Coronal section of the brain passing through the anterior hom of the lateral 
ventricle and Ute optic chiasma. B: Superior view of the brain dissected to show the fibers of Ute 
corpus callosum and the corona radiata. 

The posterior c:ommluure is a bundle of nerve 
fibers that crosses the midline immediately above the 
opening of the cerebral aqueduct into the third ventri
cle (see Fig. 7-3); it is related to the inferior part of the 
stalk of the pineal gland. Various collections of nerve 
cells are situated along its length. The destinations 
and functional significance of many of the nerve fibers 
are not known. However, the fibers from the pretectal 
nuclei involved in the puplllary light reflex are believed 

to cross in this commissure on their way to the para
sympathetic part of the oculomotor nuclei. 

The fomlx is composed of myelinated nerve fibers 
and constitutes the efferent system of the hippocam
pus that passes to the mammillary bodies of the hypo
thalamus. The nerve fibers first form the alveus (see 
Fig. 9-5), which ls a thin layer of white matter covering 
the ventricular surface of the hlppocampus, and then 
converge to form the flmbrla. The flmbrlae of the two 
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Flgunt 7·16 Horizontal section of the brain leaving the fomix in position. 

sides Increase in thickness and, on reaching the poste
rior end of the hippocampus, arch forward above the 
thalamus and below the corpus callosum to form the 
polterlor colUJDD9 of the fornlx. The two columns then 
come together in the midline to form the body of the 
fornl:x: (Fig. 7-16). The commlMUl'e of the fomb: con
sists of transverse fibers that cross the midline from 
one column to another just before the formation of the 
body of the fomix. The function of the commissure of 
the fomlx. ts to connect the htppocampal formations of 
the two sides. 

The habenular oommlu:ure ls a small bundle of nerve 
ftbers that crosses the midllne in the superior part of the 
root of the pineal stalk (see Fig. 7-3). The commlssure is 
associated with the habe.Dular nuclel, which are situated 
on either side of the midline in this region. The habenu
lar nuclei receive many afferents from the amygdaloid 
nuclei and the hippocampus. These afferent fibers pass 
to the habenular nuclei in the stria medullarll thalami. 
Some of the fibers cross the midline to reach the contra
lateral nucleus through the habenular commissure. The 
function of the habenular nuclei and its connections in 
humans is unknown. 

Auoclatlon Fibers 
Association fibers are nerve fibers that essentially con
nect various cortical regions within the same hem~ 
sphere and may be divided into short and long groups 
(Fig. 7-17). The lhort MIOCSadon flben lie immediately 
beneath the cortex. and connect adjacent gyrl; these 
fibers run transversely to the long axis of the sulci. The 
long atBOdatton ilbem are collected into named bundles 
that can be dissected in a formalin-hardened brain. The 
undnate fasdculu.s connects the first motor speech area 
and the gyr1 on the inferior surface of the frontal lobe 

with the cortex of the pole of the temporal lobe. The dn
gulum. is a long, curved fasclculus lying wlthln the white 
matter of the clngulate gyrus (see f1g. 7-8). It connects 
the frontal and parietal lobes with parahippocampal and 
adjacent temporal cortical regions. The superior longl
tucllnal faedculus is the largest bundle of nerve fibers. 
It connects the anterior part of the frontal lobe to the 
occipital and temporal lobes. The IDferlor lcmgltudlnal 
f81clculus runs anteriorly from the occipital lobe, pass
ing lateral to the optic radiation, and is distributed to the 
temporal lobe. The fronto«clpltal fatdculus connects 
the frontal lobe to the occipital and temporal lobes. It 
ls situated deep within the cerebral hemisphere and ls 
related. to the lateral border of the caudate nucleus. 

Projection Fibers 
Afferent and efferent nerve fibers passing to and from 
the brainstem to the entire cerebral cortex must travel 
between large nuclear masses of gray matter within the 
cerebral hemisphere. At the upper part of the brainstem, 
these fibers form a compact band known as the Inter
nal cap8Ule, which ls flanked medially by the caudate 
nucleus and the thalamus and laterally by the lentlform 
nucleus (see Fig. 7-12). Because of the wedge shape of 
the lentiform nucleus, as seen on horizontal section. the 
internal capsule is bent to form an anterior limb and a 
posterior limb, which are continuous with each other at 
the genu (Figs. 7-18 and 7-19). Once the nerve fibers have 
emerged superiorly from between the nuclear masses, 
they radiate In all directions to the cerebral cortex. These 
radiating projection fibers are known as the corona null
ata {Fig. 7-19). Most of the projection fibers lie medial to 
the association fibers, but they intersect the commissural 
fibers of the corpus callosum and the anterior commis
sure. The nerve fibers lying within the most posterior 
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part of the posterior limb of the internal capsule radiate 
toward the calcarine sulcus and are known as the optic 
radla!lon (Fig. 7-18). The detailed arrangement of the 
fibers within the internal capsule is shown in Figure 7-18. 

Septum Pellucidum 
The septum pellucidum is a thin vertical sheet of ner
vous tissue consisting of white and gray matter covered 
on either slde by ependyma (see Figs. 7-8 and 7-12; 
see also Atlas Plate 8). It stretches between the fomlx 
and the corpus callosum. Anteriorly. it occupies the 
interval between the body of the corpus callosum and 
the rostrum. It is essentially a double membrane with a 
closed, slitlike cavity between the membranes. The sep
tum pellucidum forms a partition between the anterior 
horns of the lateral ventricles. 

Tela Choroidea 
The tela choroldea ls a two-layered fold of pla mater. 
It Is situated between the fornb: superiorly and the 

Head of caudate nucleus 

Optic radiation 

Figure 7-17 Horizontal section of 
the right cerebral hemisphere show
ing the relationships and different 
parts of the internal capsule. 

roof of the third ventricle and the upper surfaces of 
the two thalami inferiorly. When seen from above, the 
anterior end is situated at the interventricular foram
ina (see Fig. 16-6). Its lateral edges are irregular and 
project laterally into the body of the lateral ventricles. 
Here, they are covered by ependyma and form the 
choroid plexuses of the lateral ventricle. Posteriorly, 
the lateral edges continue Into the Inferior horn of the 
lateral ventricle and are covered with ependyma so 
that the choroid plexus projects through the choroi
dal fissure. 

On either side of the midline, the tela choroidea 
projects down through the roof of the third ventricle to 
form the choroid plexuses of the third ventricle. 

The blood supply of the tela choroidea and, there
fore, also of the choroid plexuses of the third and lateral 
ventricles is derived from the choroldal branches of 
lhe Internal carotid and bullar arterlea. The venous 
blood drains into the Internal cerebral veins, which 
unite to form the peat cerebral vein. The great cere
bral vein Joins the Inferior saglllal sinus to form the 
stralght sinus. 
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F'igwe 7-18 Lateral view af the right cerebral hemisphere, which has been dissected to show some 
of the principal association fibers. 
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Figure 7-19 Medial view of the right cerebral hemisphere, which has been dissected to show the 
internal capsule and the corona radiata. The thalamus has been removed. Note the interdigitation af 
the horizontally running fibers af the corpus callosum and the vertical fibers of the corona radiata. 
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'ntalamic Lesions 
Lesions of the thalamus usually result from thrombosis or 
hemorrhage of one of the arteries that supply the thalamus. 
Because the thalamus ls concerned with receiving sensory 
Impulses from the opposite side of the body, the disability 
resulting from a lesion within it will be confined to the con
tralateral side of the body. There may be a major Impair· 
ment of all forms of sensation, which could Include light 
touch, tactile localization and discrimination, and loss of 
appreciation of joint movements. 

Subthalamlc Lesions 
The subthalamus should be regarded as one of the ex.trapyra
midal motor nuclei and has a large connect.ion with the globus 
pallldus. Lesions of the subthalamus result In sudden, force
ful Involuntary movements In a contraJateral extremity. The 
movements may be Jerky ( chorelform) or violent {ballistic). 

Pineal Gland 
The pineal gland consists essentially of pinealocytes and 
glial cells supported by a connective tissue framework. 
As the result of regressive changes that occur with age, 
calcareous concretions accumulate within the gllaJ cells and 
connective tissue of the gland. These deposits are useful to 
the radiologist, since they serve as a landmark and assist in 
determining whether the pineal gland has been displaced 
laterally by a space-occupying lesion within the skull. 

The functions of the plneaJ gland are malnly Inhibitory and 
have been shown to Influence the pituitary gland, the islets of 
Langerhans, the parathyroids, the adrenals, and the gonads. 

Clinic:al observation of patients with pineal tum.ors or 
tum.ors of neighboring areas of nervous tissue that may 
press on the pineal gland has shown severe alteration of 
reproductive function. 

Hypothalamus 
The hypothalamus ls an area of the nervous system that 
Is of great functional Importance. Not only does It control 
emotional states, but It also assists In the regulation of fat, 
carbohydrate, and water metabolism. Among its many other 
activities, it influences body temperature, genital functions, 
sleep, and food Intake. The pituitary and the hypothalamus 
constitute a closely Integrated unit, and the hypothalamus 
plays a role In the release of pituitary hormones. 

Hypothalamic Syndromes 
Lesions of the hypothalamus may result from infection, 
trauma, or vascular disorders. Tumors, such as a cranfo
pharyngloma or cllrcJmophobe adencaa of the pituitary 
and pineal tumon, may Interfere with the function of the 
hypothalamus. The most common abnormalities Include 
genllal hypoplMla or atrophy, diabetes lmlpldua, obalty, 
dllturbance1 of deep, Irregular pyrala, and emadatton. 
Some of these disorders may occur together, such as In the 
adlpoeogeullal dymophy syndrome. 

Cerebral Cortex. Sulci, and Cerebral Hemisphere Lobes 
The cerebral cortex is composed of gray matter. Only 
about a third Jles on the exposed convexity of the gyrl; the 
remaining two thirds form the walls of the suld. Moreover, 
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different areas of the cortex have different functions, and 
the anatomical div:lslon of the cortex Into lobes and gyri by 
sulcl enables the physician to localize loss of function or 
accurately place a brain lesion. For example, focal lesions 
of the precentral gyrus will produce contralateraJ hemipa· 
resls, while lesions of the postcentral gyrus will result In 
contralateral hemlsensory loss. More widespread lesions 
of the frontal lobe might cause symptoms and signs lndlc· 
atlve of loss of attention span or change In social behavior. 
Widespread degeneration of the cerebral cortex gives rise 
to symptoms of dementia. 

Lateral Ventricles 
Each lateral ventricle contains about 7 to 10 mL of cere
brosplnal fluid (CSF). This fluid Is produced In the choroid 
plexus of the lateral ventricle and normally drains Into the 
third ventricle through the interventricular foramen (fora. 
men of Monro). Blockage of the foramen by a cerebral tumor 
would result ln distention of the ventricle, thus producing a 
type of hydrocephalus. 

The choroid plexus of the lateral ventricle Is continuous 
with that of the third ventricle through the interventricular 
foramen. The choroid plexus is largest where the body and 
posterior and Inferior ho ms Join, where It may become calcl· 
fled with age. Do not confuse thls c:aldfladlon of 1he ~ 
rold plexus, as seen on radlographs, with that of the pineal 
gland. 

In the past, the size and shape of the lateral ventricle 
were Investigated clinically by pneamoencephalotraPhy 
(Figs. 7-20 to 7-23). In this procedure, small amounts of 
air were Introduced Into the subarachnold space by 
lumbar puncture with the patient In the sitting position. 
If the patient already had a raised lntracranlal pressure, 
this method was dangerous, and air or radiopaque fluid 
was Injected. directly Into the lateral ventricles through a 
burr hole In the skull (this procedure was referred to as 
ventrlculography). nus procedure has now been replaced 
by CT and magnetic resonance Imaging (MRI) (Figs. 7-24 
to 7-27). 

Basal Nudei 
The bual. nodel, in this discussion, refers to the masses 
of gray matter that are deeply placed within the cerebrum. 
They Include the caudate nucleus, the lenttform nucleus, 
the amygdalold nucleus, and the cJaustrum. 

Because of the close relationship that exists between 
these nuclei and the internal capsule, tumors of the cau
date or lentiform nuclei may cause severe motor or sen
sory symptoms on the opposite side of the body. Tumors 
pressing on the anterior two thirds of the posterior limb of 
the Internal capsule will cause progressive spastic hemi· 
plegla. whlle more posteriorly situated tumors will produce 
impairment of sensation on the opposite side. 

Disorders of function of the basal nuclei are considered 
after the connections of these nuclei are discussed In 
Chapter 10. 

Cerebral Commlssures 
The major commlssure Is the large corpus callosum. Most 
fibers within the corpus callosum interconnect symmet
rical areas of the cerebral cortex. Because It transfers 



268 CHAPTER 7 Cerebrum 

lnformauon from one hemisphere to another, the corpus 
callosum ls essentlaJ for learned discrimination, sensory 
experience, and memory. 

Occasionally, the corpus callosum fails to develop, and 
In these Individuals, no definite signs or symptoms appear. 
Should the corpus callosum. be destroyed by disease In 
later life, however, each hemisphere becomes Isolated, and 
the patient responds as If he or she has two separate brains. 
The patient's general intelligence and behavior appear 
normal, since over the years both hemispheres have been 
trained to respond to different situations. If a pencil is placed 
In the patient's right hand (with the eyes closed), he or she 
will recognize the object by touch and be able to describe it. 
If the pencil ls placed In the left hand, the tactile information 
will pass to the right postcentral gyros. This informatlon 
will not be able to travel through the corpus callosum 
to the speech area In the left hemisphere; therefore, the 
patient will be unable to describe the object in his or her 
left hand. 

Section of the corpus callosum has been attempted sur
gically, with some success, in order to prevent the spread 
of seizures from one hemisphere to the other. 

Internal Capsule Lesions 
The Internal capsule is an Important compact band of white 
matter. It is composed of ascending and descending nerve 
fibers that connect the cerebral cortex to the brainstem 
and spinal cord. The Internal capsule is flanked medially 

Figure 7-20 Anteroposterior pneumoenc:ephalogram of 
a 28-year-old man. 
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Figure 7-21 Explanation of the radiograph seen in Figure 7-20. Note the position of the x-ray gun 
relative to the head and the film cassette. 
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by the caudate nucleus and thalamus and laterally by the 
lentllorm nucleus. The arrangement of the nerve fibers 
within the internal capsule is shown In Figure 7-18. 

The Internal capsule is frequently involved In vascular 
disorders of the brain. The most common cause of arterial 
hemorrhage Is atheromatous degeneration In an artery In 
a patient with high blood pressure. Because of the high 
concentration of important nerve fibers within the Internal 
capsule. even a small hemorrhage can cause widespread 
effects on the contralateral side of the body. Not only Is 
the Immediate neural tissue destroyed by the blood, which 
later clots, but also neighboring nerve fibers may be com
pressed or be edematous. 

Alzheimer Disease 

Alzheimer disease Is a degenerative disease of the brain 
occurring In middle to late life, but an early form of the 
disease Is now well recognized. The disease affects more 
than 4 million people in the United States, resulting In 
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temporal bona 

lntarpaduncular cistern 

F'igure 7-23 Explanation of the radiograph seen in Figure 7-22. Note the position of the x-ray gun 
relative to the head and the film cassette. 
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over 100,000 deaths per year. The risk of the disease rises 
sharply with advancing years. 

The cause of Alzheimer disease is unknown, but evl· 
dence suggests a genetic predisposition. Several abnormal 
genes have been found, each of which leads to a similar 
clinical and pathologic syndrome, with only variations In 
the age of onset and the rate of progression to suggest 
that the pathogenetic mechanisms differ. Some cases of 
famlllal Alzheimer disease, for example, have been shown 
to have mutations in several genes (App, presenilin 1, and 
presenilin 2). 

Early memory loss, a dlslntegratlon of personality, com
plete disorientation, deterioration In speech, and restless
ness are common signs. In the late stages, the patient may 
become mute, incontinent, and bedridden and usually dies 
of some other disease. 

Microscopically, changes eventually occur throughout 
the cerebral cortex, but to begin with, certaln regions 
of the brain are selectively Involved. The early sites include 
the hlppocampus, the entorhlnal cortex, and the associated 
areas of the cerebral cortex. Many so-called senile plaques 
are found in the atrophic cortex. The plaques result hom 
the accumulation of several proteins around deposits of 
beta amylold. In the center of each plaque Is an extracellu
lar collection of degenerating nervous tissue; surrounding 
the core Is a rim of large abnormal neuronal processes, 
probably presynaptlc terminals, filled with an excess of 
intracellular neurofibrils that are tangled and twisted, 
fanning neurofibrillary tangles. The neurofibrillary tangles 
are aggregations of the mlcrotubular protein tau, which Is 
hyperphosphorylated. There Is a marked Joss of chollne 
acetyltransferase, the blosynthetic enzyme for acetylcho
llne, In the areas of the cortex in which the senile plaques 
occur. This is thought to be due to loss of the ascending 
projection fibers rather than a loss of cortical cells. As these 
cellular changes occur, the affected neurons die. 

At this time, there ls no clinical test for making the defi
nite diagnosis of Alzheimer disease. Reliance is placed on 
taking a careful history and carrying out numerous neuro
logic and psychiatric examinations spaced out over time. 
In this way, other causes of dementia can be excluded. 
Alterations In the levels of amylold peptides or tau In the 
serum or CSF may be helpful. CT scans or MRls are also 

Cerebral Subdivisions 

• The cerebrum ls subdivided into the diencephalon 
(central core) and the telencephalon (cerebral 
hemispheres). 

Diencephalon 

• The diencephalon consists of the third ventricle 
and the structures that form its boundaries, 

used, and abnormalities In the medial part of the temporal 
lobe occur In this disease. In advanced cases, a thin, atro
phied cerebral cortex and dilated lateral ventricles may be 
found. The recent use of positron emission tomography 
(PE1) shows evidence of diminished cortical metabolism 
(Fig. 7-28). 

The use of cholinesterase Inhibitors for the treatment 
of Alzheimer disease has been found to be helpful. These 
drugs probably act by Increasing the presence of acetylcho
line at the sites of the disease where there is a deficiency of 
th1s neurotransmitter. 

Figure 7-28 Axial (horizontal) PET scan of a male patient 
with Alzheimer disease, showing defects (arrowheads) 
in metabolism in the bitemporoparietal regions of the 
cerebral cortex, following the injection of 18-fluorode
oxyglucose. The yellow areas indicate regions of high 
metabolic activity. (Courtesy Dr. Holley Dey.) 

including the thalamus, subthalamus, epithalamus, 
and hypothalamus. 

'Thalamus 

• The thalamus ls a very Important cell station 
that receives the main sensory tracts. Sensory 
information Is integrated and relayed to the cerebral 
cortex and other subcortical regions. 



Subthalamus 

• The subthalamus consists of nerve cells associated 
with the red nuclei and substantia nigra and Is 
Involved in control of muscle activity. 

Epithalamus 

• The epithalamus consists of the habenular nuclei 
(integration of visceral and somatic pathways) and 
the pineal gland (endocrine gland and melatonin). 

Hypothalamus 

• The hypothalamus controls and integrates the 
functions of the autonomic nervous system 
and endocrine systems and plays a vital role in 
maintaining body homeostasis. 

• Physiologically, hardly any activity In the body Is 
not influenced by the hypothalamus. 

Main Sulci 

• The central sulcus separates the frontal and parietal 
lobes. The gyrus anterior to It contains motor cells 
that initiate the movements of the contralateral 
side of the body; the gyrus posterior to it contains 
general sensory cortex that receives sensory 
information from the contralateral side of the body. 

• The lateral sulcus is a deep cleft on the inferior 
lateral cerebral hemisphere, between frontal and 
temporal lobes. The insula lies deep to the lateral 
sulcus. 

• The parieto-occipital sulcus is located on the 
medial side of the hemisphere, running inferiorly to 
intersect the calcarine sulcus. 

• The calcarine sulcus is found on the medial surface 
of the hemispheres, in the occipital lobe. Primary 
visual cortex is located here. 

f) Clinical Problem Solving 

1. A 53-year-old woman ls admitted to an emergency 
department after she collapses in the street. Apart 
from being confused and disoriented, she exhibits 
violent, uncoordinated movements of her right arm 
and right leg and slight spontaneous movements 
on the right side of her face. The physician Is able 
to ascertain from a friend that the patient had been 
perfectly fit that morning and has no previous 
history of this condition. On examination, the invol
untary movements of the right limbs are mainly 
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Cerebral Hemisphere Lobes 

• The frontal lobe occupies the area anterior to the 
central sulcus and is divided by three sulcl into 
three gyrt. 

• The temporal lobe occupies the area inferior to the 
lateral sulcus and is divided Into three gyrt by two 
sulcl. 

• The occipital lobe occupies the area behind the 
parleto-occipltal sulcus. 

Internal Structures 

• The two lateral ventricles are located one In each 
hemisphere. The lateral ventricles are large cavities 
that house CSF. Each are in communication with the 
third ventricle through the interventricular foramen. 

• Basal nuclei are a collection of gray matter masses 
including the corpus striatum, amygdalold nucleus, 
and the claustrum. 
• The corpus striatwn ls composed of the caudate 

nucleus and the lentiform nucleus, both separat
ed by the internal capsule. These structures are 
involved in muscular movement control through 
communications with the cortex. 

• The claustrum is separated from the lentlform 
nucleus by the external capsule. The function of 
the claustrum is unknown. 

• The amygdaloid nucleus ls located in the tem
poral lobe adjacent to the anterior horn of the 
lateral ventricle. 

• Commissure fibers in the cerebrum are myellnated 
fibers connecting two corresponding regions of the 
two hemispheres. 

• The largest commlssure is the corpus callosum, 
which connects the two hemispheres. Other 
commissures Include the fornlx and the anterior 
and posterior commissures. 

confined to the muscles of the proximal part of the 
limbs. One week later, the patient dies of cardiac 
failure. What ls the medical term used to describe 
this condition? Which area of the brain is likely to 
be involved in the production of this condition? 

2. A 64-year-old man is admitted to a hospital on 
the suspicion that he has a cerebral tumor. One 
of the investigations asked for by the physician is 
a simple anteroposterior radiograph and lateral 
radiograph of the head. Using your knowledge of 
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neuroanatomy, name the structure that would assist 
the radiologist in this case in determining whether 
lateral displacement of the brain had occurred 
within the skull. 

3. A 12-year-old boy is seen by a pediatrician because 
his parents are concerned about his excessive weight 
and lack of development of the external genitalia. On 
examination, the child is seen to be tall for his age 
and very obese. The excessive fat is concentrated 
especially in the lower part of the anterior abdominal 
wall and the proximal parts of the limbs. His penis 
and testes are small. Is It possible that disease of the 
diencephalon might account for this condition? 

4. A neurosurgeon explains to her residents that she 
will attempt to remove a glloma located in the right 
middle frontal gyrus by turning back a flap of the 
scalp and removing a rectangular piece of the over
lying skull. Where exactly is the right middle frontal 
gyros in the brain? What are the names of the sulci 
that lie above and below this gyrus? Which skull 
bone overlays this gyros? 

5. Whlle performing an autopsy, a pathologist has 
great difficulty In finding the central sulcus in each 
cerebral hemisphere. Because finding this sulcus is 
the key to localizing many other sulci and gyri, what 
landmarks would you use to Identify the central sul-

cus'! Are the sulci and gyri in the two hemispheres 
similar in size and shape? Do they exhibit individual 
variations in their arrangement? 

6. A fourth-year medical student is shown coronal and 
horizontal MRis of the brain and is asked to comment 
on his observations. The patient is a 55-year-old man. 
The student responds by saying that the left lateral 
ventricle is larger than normal and that there is an 
area of low signal intensity close to the left lnterven
tricular foramen suggesting the presence of a brain 
tumor. On looking at a standard lateral radiograph of 
the skull and brain, he notes a small area of "calcifi
cation" situated In the region of the posterior part of 
the left ventricle. Using your knowledge of neuroanat
omy, describe the location of the lateral ventricle in 
the brain. What are the different parts of the lateral 
ventricle? Where is the cerebrospinal fluid in the 
lateral ventricle produced, and what does it normally 
drain into? What is responsible for the calcification 
seen in the left lateral ventricle in this patient? 

7. A medical student, while performing an autopsy, 
finds that the patient has no corpus callosum. On 
consulting the patient's clinical notes, she is sur
prised to find no reference to a neurologic disorder. 
Are you surprised that this patient had no recorded 
neurologic signs and symptoms? 

f; Answers and Explanations to Clinical Problem Solving 

1. This woman exhibited continuous uncoordinated 
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 condition is 
known as hemiballismus. It was caused by hemor
rhage into the left subthalamic nucleus. 

2. During the third decade of life, 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 lntracranial mass. In this patient, the pineal 
gland shadow was In the mldllne, and all the other 
investigations, including CT, showed no evidence of 
a cerebral tumor. 

3. Yes. Adiposity alone or associated with genital dys
trophy can occur with disease of the hypothalamus. 

4. The right middle frontal gyros is located on the lat
eral surface of the frontal lobe of the right cerebral 
hemisphere. It Is bounded superiorly and inferiorly 
by the superior and Inferior frontal sulci, respec
tively. The right middle frontal gyrus ls overlaid by 
the frontal bone of the skull. 

5. The important central sulcus ls 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 supe
rior medial border. The arrangement of the sulci 
and gyri is very similar on both sides of the brain. 
However, individual details of their arrangement 
vary greatly. 

6. The lateral ventricle is a C-shaped cavity situated 
within each cerebral hemisphere. The lateral ventri
cle wraps itself around the thalamus, the lentlform 
nucleus, and the caudate nucleus. It ls 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 occipital lobe, and an 
inferior horn that runs forward and inferiorly into 
the temporal lobe. The cerebrospinal fluid is pro
duced in the choroid plexus of the lateral ventricle 
and drains through the small interventricular fora
men into the third ventricle. In later life, the choroid 
plexus, especially in its posterior part, sometimes 
shows calcified deposits, which are occasionally 
revealed on radiographs, as in this case. This 
patient later was found to have a cerebral twnor 
that was compressing the left interventricular fora
men, hence the enlarged left ventricle. 

7. No. The corpus callosum occasionally falls to develop, 
and In those patients, no definite neurologic signs 
and symptoms appear. H, however, the corpus cal
losum is divided during a surgical procedure in the 
adult, the loss of interconnections between the two 
hemispheres becomes apparent (see pp. 267-268). 



8 Review Questions 

Directions: Each of the numbered items in this section 
ls followed by answers. Select the ONE lettered answer 
that Is CORRECT. 

1. The following statements concern the diencephalon: 
(a) It extends anteriorly as far as the optic chlasma. 
(b) It ls bounded laterally by the Internal capsule. 
(c) The thalamus is located 1n the medial wall of 

the third ventricle. 
( d) The epithalamus is formed by the cranial end of 

the substantla nlgra and the red nuclei. 
(e) It extends posteriorly as far as the intertha

lamic connection. 
2. The following statements concern the pineal gland: 

(a) It produces a secretion that is opaque to x-rays. 
(b) It contains high concentrations of melatonin. 
(c) Melatonin stimulates the release of the gonad-

otrophic hormone from the anterior lobe of the 
pituitary gland. 

( d) Production of secretions of the pineal gland 
decreases during darkness. 

(e) The plnealocytes are inhibited by the sympa
thetic nerve endings. 

3. The following statements concern the thalamus: 
(a) It is the largest part of the diencephalon and 

serves as a relay station to all the main sensory 
tracts (except the olfactory pathway). 

(b) It is separated from the lentiform nucleus by 
the external capsule. 

(c) It forms the anterior boundary of the interven
trlcular foramen. 

( d) It is completely separate from the thalamus on 
the opposite side. 

( e) The thalamus is a small rectangular mass of gray 
matter. 

4. The following statements concern the hypothalamus: 
(a) It is formed by the upper part of the lateral wall 

and roof of the third ventricle. 
(b) Caudally. the hypothalamus merges with the 

tectum of the midbrain. 
( c) The nuclei are composed of groups of large nerve 

cells. 
( d) Functionally, It plays a role In the release of pitu

itary hormones. 
( e) The mammlllary bodies are not part of the hypo

thalamus. 
5. The following statements concern the hypothalamus: 

(a) The hypothalamus has no influence on the activ
ities of the autonomic and endocrine systems. 

(b) It re4:eives few afferent visceral and somatic 
sensory fibers. 

(c) It gives off efferent fibers that pass to the sym
pathetic and parasympathetic outflows in the 
brain and spinal cord. 

( d) It does not assist In the regulation of water metab
olism. 
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(e) The hypothalamus plays no role in controlling 
emotional states. 

6. The following statements concern the third ventricle: 
(a) The posterior wall is formed by the opening into 

the cerebral aqueduct and the pineal ?C4:ess. 
(b) It does not communicate directly with the lat

eral ventricles. 
(c) The vascular tela choroidea proje4:ts from the 

floor to form the choroid plexus. 
(d) Lying in the floor of the ventricle, from poste

rior to anterior, are the optlc chiasma. the tuber 
clnereum, and the mammUlary bodies. 

(e) The wall of the ventricle ts not lined with epen
dyma. 

Matching Questions. Directions: The following ques
tions apply to Figure 7-29. Match the numbers listed on 
the left with the appropriate lettered structure listed on 
the right. Each lettered option may be selected once, 
more than once, or not at all. 

7. Number 1 (a) Genu of corpus callosum 
8. Number 2 (b) Interventrlcular foramen 
9. Number 3 (c) Body of fornb: 

10. Number 4 (d) Anterior commlssure 
11. Number 5 (e) None of the above 
12. Number6 
13. Number 1 

7 

Figure 7-29 Sagittal section of the brain showing the medial 
surface of the dienc:ephalon. 
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Directions: Each of the nwnbered Items In this section 
is followed by answers. Select the ONE lettered answer 
that is CORRECT. 

14. The following statements concern the longitudinal 
cerebral fissure: 
(a) The fissure contains the fold of dura mater, the 

falx cerebelli. 
(b) The fissure contains the middle cerebral arteries. 
(c) The superior sagittal sinus ltes below It. 
( d) In the depths of the fissure, the corpus callo

sum crosses the mldllne. 
(e) The Inferior sagittal sinus lies above it. 

15. The following statements concern the central sulcus: 
(a) The central sulcus extends onto the medial sur-

face of the cerebral hemisphere. 
(b) The frontal lobe lies posterior to it. 
(c) The parietal lobe lies anterior to it. 
( d) The central sulcus is continuous inferiorly with 

the lateral sulcus. 
(e) The arachnoid mater extends into the central 

sulcus. 
16. The following statements concern. the lateral ventricle: 

(a) Each ventricle ts J shaped and filled with cere
brosplnal fluid. 

(b) It communicates with the third ventricle through 
the lnterventrlcular foramen. 

(c) The body of the ventricle occupies the frontal 
lobe. 

( d) The lateral ventricle does not possess a choroid 
plexus. 

(e) The anterior horn occupies the parietal lobe. 
17. The following statements concern the corpus callo

sum: 
(a) It is connected to the fomix by the lamina ter

mlnalls. 
(b) The rostrum connects the genu to the septum 

pelluctdum. 
(c) Most of the fibers within the corpus callosum 

Interconnect symmetrical areas of the cerebral 
cortex. 

( d) The fibers of the genu curve forward into the 
frontal lobes as the forceps major. 

(e) The corpus callosum ls related inferiorly to the 
fal:x: cerebri. 

18. The following statements concern the anterior com
missure: 
(a) It is embedded in the superior part of the sep

tum. pelluctdum. 
(b) When traced laterally, an anterior bundle of 

fibers curves forward to join the olfactory tract. 
(c) Some of the fibers are concerned with the sen

sations of taste. 
( d) It forms the anterior boundary of the fnterven

tricular foramen. 
(e) It is formed by a large bundle of nerve fibers. 

19. The following statements concerning the internal 
capsule are correct except: 
(a) It is continuous below with the tectum of the 

midbrain. 
(b) It has an anterior limb and a posterior llmb, 

which are In a straight line. 

Figure 7-30 Horizontal section of the cerebrum, as seen 
from above. 

(c) The genu and the anterior part of the posterior 
limb contain the cortlcobulbar and cortlcospl
nal fibers. 

( d) It is related medially to the Ientiform nucleus. 
(e) It is continuous below with the corona radlata. 

20. The following statements concern the basal ganglia: 
(a) The caudate nucleus is not attached to the len

tiform nucleus. 
(b) The corpus striatum is concerned with muscu

lar movement. 
(c) The lentiform nucleus is related medially to the 

external capsule. 
( d) The lentlform nucleus Is oval shaped, as seen 

on horizontal section. 
(e) The amygdalold nucleus does not form one of 

the basal ganglia. 

Matching Questions. Directions: The following ques
tions apply to Figure 7-30. Match the numbers listed on 
the left with the appropriate lettered structure listed on 
the right. Each lettered option may be selected once, 
more than once, or not at all. 

21. Number 1 
22. Number 2 
23. Number3 
24. Number4 
25. Number 5 

(a) Optic radiation 
(b) Lateral sulcus 
(c) Lentlform nucleus 
( d) Anterior horn of lateral ventricle 
(e) None of the above 

The following questions apply to Figure 7-31. Match the 
numbers listed on the left with the appropriate lettered 
structure listed on the right. Each lettered option may 
be selected once, more than once, or not at all. 

26. Number I (a) Central sulcus 
27. Number 2 (b) Postcentral gyrus 



2 

5 

Figure 7-31 Lateral view of the left cerebral hemisphere. 

28. Number3 
29. Number4 
30. Number 5 
31. Number 6 

(c) Superior temporal gyros 
(d) Superior parietal lobule 
(e) None of the above 

Directions: The case histories below are followed by 
questions. Select the ONE BF.ST lettered answer. 

A 70-year-old man with hypertension was admitted to 
an emergency department, having suddenly developed 
hemlparesls on the right side and numbness of the right 
leg. Axial CT and MRI were undertaken. MRI revealed a 
small hemorrhage in the left thalamus, which passed 
horizontally through the lateral ventricles. After care
ful observation, 2 days later, the paresis was much 
improved, and the patient reported that his numbness 
had disappeared. The patient was discharged from the 
hospital 1 week later and made an uneventful recovery. 
His hypertension was brought under control with suit
able medication. 

32. Using your knowledge of the relationships of the 
left thalamus, select the statement that explains the 
transient right hemiparesis and numbness. 
(a) The hemorrhage occurred into the third ventricle. 
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(b) The hemorrhage Into the thalamus extended 
laterally into the posterior limb of the left inter
nal capsule. 

(c) The hemorrhage was small and confined to the 
thalamus on the left side. 

(d) The hemorrhage was small and occurred in the 
lateral part of the left thalamus, producing tran
sient edema In the left internal capsule. 

(e) The hemorrhage extended laterally Into the left 
lateral ventricle. 

33. This hypertensive patient had a small thalamic 
hemorrhage. Select the m08l Ukely cause for the 
hemorrhage: 
(a) One of the small diseased thalamic arteries may 

have ruptured. 
(b) One of the small veins draining the thalamus 

may have ruptured. 
(c) Vasoconstrlctlon of the thalamic arteries could 

have occurred. 
( d) Softening of the neuronal tissue around the tha

lamic arteries might have taken place. 
(e) No relation exists between hypertension and 

the thalamlc hemorrhage In this patient. 

An 8-year-old boy with a severe earache on the right 
side was taken to a pediatrician. The symptoms had 
started 7 days ago, and the pain had progressively 
worsened. On examination, the boy was found to have 
severe right-sided otitis media with acute mastoiditls. 
On being questioned, the boy admitted that his head 
hurt badly all over and that he felt sick. While he was 
being examined, he vomited. His body temperature 
was slightly elevated. In view of the severity of the 
headache and the presence of nausea and vomiting, 
the pediatrician decided to have an MRI performed. 
The result showed a small, well-defined, right cerebral 
abscess. 

34. The cerebral abscess in this patient was most likely 
located at which site In the right cerebral hemisphere: 
(a) Frontal lobe 
(b) Thalamus 
(c) Occipital lobe 
(d) Temporal lobe 
(e) Cuneus 

fj Answers and Explanations to Review Questions 

1. B is correct. The diencephalon is bounded laterally 
by the internal capsule (see Fig. 7-1). A. The dien
cephalon extends anteriorly as far as the lnterven
trlcular foramen (see Fig. 7-3). C. The thalamus Is 
situated on the lateral wall of the third ventricle (see 
Fig. 7-3). D. The epithalamus consists of the habenu
lar nuclei and their connections and the pineal 
gland. E. The dlencephalon extends posteriorly as 
far as the cerebral aqueduct (see Fig. 7-3). 

2. B is correct. The pineal gland contains high con
centrations of melatonin. A. The pineal secretions 
are translucent to x-rays. C. Melatonin inhibits the 

release of the gonadotrophic hormone from the 
anterior lobe of the pituitary gland. D. There is an 
Increased production of the secretions of the pineal 
gland during darkness. E. The plnealocytes are stimu
lated by the sympathetic nerve endings. 

3. A is correct. The thalamus is the largest part of 
the dlencephalon and serves as a relay station to 
all the main sensory tracts, except the olfactory 
pathway. B. The thalamus is separated from the len
tiform nucleus by the internal capsule (see Fig. 7-1). 
C. The thalamus forms the posterior boundary of 
the lnterventrlcular foramen (see Fig. 7-3). D. The 
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thalamus may be joined to the thalamus of the 
opposite side by the interthalamic connection. 
E. The thalamus is a large ovoid mass of gray matter 
(see Fig. 7-4). 

4. D is correct. The hypothalamus plays an important 
role in the release of pituitary hormones. A The hypo
thalamus is formed by the lower part of the lateral 
wall and floor of the third ventricle, below the hypo
thalamic sulcus (see Fig. 7-3). B. Caudally, the hypo
thalamus merges with the tegmentum of the midbrain. 
C. The nuclei of the hypothalamus are composed of 
groups of small nerve cells. E. The mammillary bodies 
are part of the hypothalamus. 

5. C ls correct. The hypothalamus gives off efferent 
fibers that pass to the sympathetic and parasympa
thetic outflows in the brain and spinal cord. A The 
hypothalamus has influence on the activities of the 
autonomic and endocrine systems. B. The hypothal
amus receives many afferent visceral and somatic 
sensory nerve fibers. D. The hypothalamus assists in 
the regulation of water metabolism. E. The hypothal
amus plays a role in controlling emotional states. 

6. A is correct. The posterior wall of the third ventricle is 
formed by the opening into the cerebral aqueduct and 
the pineal recess (see Fig. 7-3). B. The third ventricle 
does communicate directly with the lateral ventricles 
through the interventricular foramina (see Fig. 7-13). 
C. The vascular tela choroidea projects from the roof 
of the third ventricle to form the choroid plexus (see 
Fig. 7-3). D. Lying in the floor of the third ventricle, 
from anterior to posterior, are the optic chiasma, the 
tuber cinereum, and the mammillary bodies. E. The 
wall of the third ventricle ls lined with ependyma. 

7. D is correct. 
8. A ls correct. 
9. Eis correct. The structure is the septum pellucidum. 

10. B is correct. 
11. C is correct. 
12. Eis correct. The structure is the thalamus. 
13. E Is correct. The structure Is the splenlum of the 

corpus callosum. 
14. D is correct. In the depths of the longitudinal cerebral 

fissure, the corpus callosum crosses the midline (see 
Fig. 7-6). A The longitudinal cerebral fissure contains 
a fold of dura mater, the falx cerebri. B. The longitu
dinal cerebral fissure does not contain the middle 
cerebral arteries; they are located in the lateral cere
bral fissures. C. The superior sagittal venous sinus 
lies above the longitudinal cerebral fissure. E. The 
inferior sagittal venous sinus lies in the lower border 
of the falx cerebri in the longitudinal cerebral fissure. 

15. A is correct. The central sulcus extends onto the 
medial surface of the cerebral hemisphere (see 
Fig. 7-8). B. The frontal lobe lies anterior to the cen
tral sulcus (see Fig. 7-10). C. The parietal lobe lies 
posterior to the central sulcus (see Fig. 7-10). D. The 
central sulcus is not continuous inferiorly with the 
lateral sulcus (see Fig. 7-10). E. The arachnoid mater 
does not extend into the central sulcus. 

16. B is correct. The lateral ventricle communicates with 
the third ventricle through the interventricular fora
men (see Fig. 7-3). A. Each lateral ventricle is C shaped 

and filled with cerebrospinal fluid (see Fig. 7-13). 
C. The body of the lateral ventricle occupies the pari
etal lobe. D. The lateral ventricle does possess a cho
roid plexus (see Fig. 7-1). E. The anterior horn of the 
lateral ventricle occupies the frontal lobe (see Fig. 7-13). 

17. C is correct. Most of the fibers within the corpus cal
losum interconnect symmetrical areas of the cerebral 
cortex. A. The corpus callosum is connected to the 
fornix by the septum pellucidum (see Fig. 7-3). B. The 
rostrum of the corpus callosum connects the genu to 
the lamina terminalis (see Fig. 7-3). D. The fibers of the 
genu of the corpus callosum curve forward into the 
frontal lobes of the cerebral hemisphere as the forceps 
minor (see Fig. 7-15). E. The corpus callosum is related 
superiorly to the falx cerebri. 

18. Bis correct. When the anterior commissure is traced 
laterally, an anterior bundle of nerve fibers Is seen 
to curve forward to join the olfactory tract. A The 
anterior commissure is embedded in the superior 
part of the lamina terminalis (see Fig. 7-3). C. Some of 
the fibers of the anterior commissure are concerned 
with the sensation of smell. D. The anterior bound
ary of the interventricular foramen is formed by the 
anterior pillar of the fornlx and not the anterior com
missure (see Fig. 7-3). E. The anterior commissure is 
formed by a small bundle of nerve fibers. 

19. C is correct. The internal capsule contains the cor
ticobulbar and corticospinal fibers in the genu and 
the anterior part of the posterior limb (see Fig. 7-18). 
A. The internal capsule is continuous below with the 
crus cerebrt of the mldbraln (see Fig. 7-19). B. The 
internal capsule is bent around the lentiform nucleus 
and has an anterior llmb, the genu, and a posterior 
limb (see Fig. 7-18). D. The internal capsule is related 
laterally to the lentiform nucleus (see Fig. 7-18). 
E. The internal capsule is continuous above with the 
coronal radiata (see Fig. 7-19). 

20. B ls correct. The corpus strlatum Is concerned with 
the control of muscular movement. A. The head of 
the caudate nucleus is attached to the lentiform 
nucleus (see Fig. 7-14). C. The lentiform nucleus 
is related laterally to the external capsule (see 
Fig. 7-12). D. The lentiform nucleus is wedge shaped, 
as seen on horizontal section (see Fig. 7-12). E. The 
amygdaloid nucleus forms one of the basal ganglia. 

21. E is correct. The structure is the genu of the corpus 
callosum. 

22. C is correct. 
23. E is correct. The structure is the posterior horn of 

the lateral ventricle. 
24. E is correct. The structure is the third ventricle. 
25. E is correct. The structure is the anterior column of 

the fomix. 
26. E Is correct. The structure is the middle frontal gyrus. 
27. A is correct. 
28. B is correct. 
29. D is correct. 
30. E is correct. The structure is the lateral sulcus. 
31. C is correct. 
32. D is correct. 
33. A Is correct. 
34. D is correct. 



The Structure and 
Functional Localization 
of the Cerebral Cortex 

CHAPTER OBJECTIVES 

• To describe the baste structure and fwtctlonal 
localization of the highly complex cerebral cortex 

A 19-year-old woman is involved in an automobile acci
dent. She is not wearing a seat belt and is thrown from the 
car and suffers severe head injuries. During examination by 
the emergency medical technicians, she is found to be un
conscious and is admitted to the emergency department. 
After 5 hours, she recovers consciousness and makes a 
remarkable recovery over the next 2 weeks. She leaves 
the hospital 1 month after the accident, with very slight 
weakness of her right leg. Nothing else abnormal is noted. 
Four months later, she is seen by a neurologist because 
she is experiencing sudden attacks of jerking movements 
of her right leg and foot. The attacks last only a few min
utes. One week later, the patient has a very severe attack, 
which involves her right leg and then spreads to her right 
arm. On this occasion, she loses consciousness during the 
attack. The neurologist diagnoses Jacksonian epileptic 
seizures, caused by cerebral scarring secondary to the au
tomobile injury. The weakness ofthe right leg immediately 
after the accident is due to damage to the superior part of 
the left precentral gyrus. Her initial attacks of epilepsy are 

STRUCllJRE 
The cerebral cortex forms a complete covering of the 
cerebral hemisphere. It Is composed of gray matter and 
has been estimated to contain approximately 10 billion 
neurons. The surface area of the cortex has been 
Increased by throwing It Into convolutions, or gyrl, 
which are separated by flss\ll'eS or sulci. The thickness 
of the cortex varies from 1.5 to 4.5 mm. The cortex ls 
thickest over the crest of a gyrus and thinnest in the 
depth of a sulcus. The cerebral cortex, like gray matter 
elsewhere in the central nervous system, consists of 
a mixture of nerve cells, nerve fibers, neuroglia, and 
blood vessels. The following types of nerve cells are 
present in the cerebral cortex; (1) pyramidal cells, 

• To describe behavioral consequences from regional 
damage of the different cortical regions 

of the partial variety and are caused by irritation of the area 
of the left precentral gyrus corresponding to the leg. In her 
last attack, the epileptiform seizure spreads to other areas 
of the left precentral gyrus, thus involving most of the right 
side of her body, and she loses consciousness. Knowledge 
of the functional localization of the cerebral cortex enables 
the physician to make an accurate diagnosis and advise 
suitable treatment. The cerebral scar tissue is cleanly ex
cised by a neurosurgeon, and, apart from a small resid
ual weakness of the right leg, the patient has no further 
epileptiform seizures. The cerebral cortex is the highest 
level of the central nervous system and always functions in 
association with the lower centers. The cerebral cortex re
ceives vast amounts of information and responds in a pre
cise manner by bringing about appropriate changes. Many 
of the responses are influenced by inherited programs, 
whereas others are colored by programs learned during 
an individual's life and stored in the cerebral cortex. The 
clinician can use this information to locate hemispheric 
lesions based on clinical symptoms and signs. 

(2) stellate cells, (3) fusiform cells, (4) horizontal cells 
of Cajal, and (5) cells of Martinotti (Fig. ~1). 

Nerve Cells 
The pyramlclal cells are named from the shape of 
their cell bodies. Most of the cell bodies measure 10 to 
50 µ.m long. However, giant pyramidal cells, also known 
as Betz c:ellt, whose cell bodies measure as much as 
120 µ.m, are found in the motor precentral gyros of the 
frontal lobe. 

The apices of the pyramidal cells are oriented 
toward the plal surface of the cortex. From the apex 
of each cell, a thick apical dendrite extends upward 
toward the pla. giving off collateral branches. From 

279 
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the basal angles, several basal dendrites pass laterally 
into the surrounding neuropil. Each dendrite possesses 
numerous dendrltic 1plnea for synaptic junctions with 
axons of other neurons. The axon arises from the base 
of the cell body and either terminates in the deeper cor
tical layers or, more commonly, enters the white matter 
of the cerebral hemisphere as a projection, association, 
or comrnlssural fiber. 

The stellate cells, sometimes called granule cells 
because of their small size, are polygonal In shape, 
and their cell bodies measure about 8 µm in diameter. 
These cells have multiple branching dendrites and a 
relatively short axon, which terminates on a nearby 
neuron. 

The fusiform. cel1t have their long axis vertical to the 
surface and are concentrated mainly in the deepest cor
tical layers. Dendrites arise from each pole of the cell 
body. The inferior dendrite branches within the same 
cellular layer, while the superficial dendrite ascends 
toward the surface of the cortex and branches In the 
superficial layers. The axon arises from the Inferior part 

~~ 
A 

i!f 
Cells of Marlfnottl Figure 8-1 Main types of neurons 

found in the cerebral cortex. 

of the cell body and enters the white matter as a projec
tion, association, or commissural fiber. 

The horizontal celll of CeJal are small, fusiform, 
horizontally oriented cells found in the most superficial 
layers of the cortex. A dendrite emerges from each end 
of the cell, and an axon runs parallel to the surface of 
the cortex, making contact with the dendrites of pyra
midal cells. 

The cells of Martlnottl are small, multtpolar cells 
that are present throughout the levels of the cortex. 
The cell has short dendrites, but the axon ls directed 
toward the pial surface of the cortex, where it ends In 
a more superficial layer, commonly the most superficial 
layer. The axon gives origin to a few short collateral 
branches en route. 

Nerve Fibers 
The nerve fibers of the cerebral cortex are arranged 
both radially and tangentially (Figs. 8-2 and 8-3). The 
radial ftben run at right angles to the cortical surface. 
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They include the afferent entering projection, associa
tion, and commissural fibers, which terminate within 
the cortex, and the axons of pyramidal, stellate, and 
fusiform cells, which leave the cortex to become projec
tion, association, and commissural fibers of the white 
matter of the cerebral hemisphere. 

The tangendaJ. tlben run parallel to the cortical sur
face and are, for the most part, collateral and terminal 
branches of afferent fibers. They also Include the axons 
of horizontal and stellate cells and collateral branches 
of pyramidal and fusiform cells. The tangential fibers 
are most concentrated in layers 4 and 5, where they are 
referred to as the outer and Inner bands of Balllarger, 
respectively. The bands of Baillarger are particularly 
well developed in the sensory areas due to the high 
concentration of the terminal parts of the thalamo
cortical fibers. In the visual cortex, the outer band of 
Balllarger, which is so thick that it can be seen with the 
naked eye, is known as the llrla of Gennarl. Because 
of this obvious band, or stria. the visual cortex In 
the walls of the calcarlne sulcus Is sometimes called the 
ltrlate cortex. 

Layers 

Structure 281 

Figure 8·2 Neuronal connections of the 
cerebral cortex. Note the presence of the 
afferent and efferent fibers. 

Dlvtding the cerebral cortex into layers that may be 
distinguished. by the type, density, and arrangement of 
their cells is convenient for descriptive purposes (see 
Figs. 8-1 and 8-3). The names and characteristic features 
of the layers are described here; regional differences 
are discussed later. 

1. Molecular layer {plexlform. layer). This ts the most 
superficlal layer; It consists mainly of a dense network 
of tangentially oriented nerve fibers. These fibers are 
derived from the apical dendrites of the pyramidal 
cells and fusiform cells, the axons of the stellate cells, 
and the cells of Martinolli. Afferent fibers originating 
In the thalamus and In association with commissural 
fibers also are present. Scattered among these nerve 
fibers are occasional horizontal cells of Cajal. This 
most superficial layer of the cortex clearly is where 
large nwnbers of synapses between different neurons 
occur. 

2. EKternaJ. granular layer. This layer contains large 
numbers of small pyramidal cells and stellate cells. 
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Figure ~ Layers of the cerebral cortex showing the neurons on the left and the nerve fibers 
on the right. 

The dendrites of these cells terminate in the molec
ular layer, and the axons enter deeper layers, where 
they terminate or pass on to enter the white matter 
of the cerebral hemisphere. 

3. External pyramidal layer. This layer is composed of 
pyramidal cells, whose cell body size increases from 
the superficial to the deeper borders of the layer. 
The apical dendrites pass into the molecular layer, 
and the axons enter the white matter as projection, 
association, or commlssural fibers. 

4. lntemal granular layer. This layer is composed of 
closely packed stellate cells with a high concentra
tion of horizontally arranged fibers known collec
tively as the e:x.temal band of Balllarger. 

5. Ganglionic layer (Internal pyramidal layer). This 
layer contains very large and medium-size pyramidal 
cells. Scattered among the pyramidal cells are stel
late cells and cells of Martinotti. In addition, a large 
number of horizontally arranged fibers form the 
Inner band of Balllarler (see Fig. 8-3). In the motor 

cortex: of the pre<:entral gyrus, the pyramidal cells of 
this layer are very large and are known as Betz cells. 
These cells account for about 3% of the projection 
fibers of the cortfcosplnal or pyramidal tract. 

6. Multlformlayer(layerofpolymorpblccell8).Although 
the majority of the cells are fusiform, many of the cells 
are modified pyramidal cells, whose cell bodies are 
triangular or ovoid. The cells of Martlnottt also are con
spicuous in this layer. Many nerve fibers are present 
that are entering or are leaving the underlying white 
matter. 

Cortical Structure Variations 
The system of numbering and nomenclature of the corti
cal layers used above is similar to that distinguished by 
Brodmann (1909). However, recognize that not all areas 
of the cerebral cortex possess slx layers (see Fig. 8-3). 
Those areas of the cortex in which the basic slx layers 
cannot be recognized are referred to as heterotyplcal, 



as opposed to the majority, which are homotypical and 
possess six layers. Two heterotypical areas are described: 
the granular and the agranular type. 

In the granular type, the granular layers are well 
developed and contain densely packed stellate cells. 
Thus, layers 2 and 4 are well developed, and layers 3 and 
5 are poorly developed, so layers 2 through 5 merge lnto 
a single layer of predominantly granular cells. These 
cells receive thalamocortical fibers. The granular type of 
cortex is found in the postcentral gyrus, in the superior 
temporal gyrus, and in parts of the hippocampal gyrus. 

In the &granular type of cortex, the granular layers 
are poorly developed, so layers 2 and 4 are practically 
absent. The pyramidal cells ln layers 3 and 5 are densely 
packed and are very large. The agranular type of cortex 
is found in the precentral gyrus and other areas in the 
frontal lobe. These areas give rise to large numbers of 
efferent fibers that are associated with motor function. 

CORTICAL MECHANISMS 
Extensive research in recent years involving electro
physiology, histochemistry, immunocytochemistry, and 
other microscopic techniques has resulted in a vast 
increase in our knowledge of the connections of the 
neurons of the cerebral cortex. This information com
bined with new methods of studying the functions of 
the human cerebral cortex in the living using electroen
cephalograms (EEGs), positron emission tomography 
(PET), and magnetic resonance imaging (MRI) have led 
to a new understanding of the functions of the different 
areas and the different layers of the cerebral cortex. 
Much of the new information, however, is still merely 
factual data and cannot be used in the clinical setting. 

The cerebral cortex is organized into vertical units or 
columns of functional activity (see Fig. 8-2) measuring 
about 300 to 600 µm wide. In the sensory cortex, for 
example, each column serves a single specific sensory 
function. Such a functional unit extends through all six 
layers from the cortical surface to the white matter. Each 
unit possesses afferent fibers, lntemunclal neurons, and 
efferent fibers. An afferent fiber may synapse directly 
with an efferent neuron or may involve vertical chains of 
internuncial neurons. A single vertical chain of neurons 
may be involved in isolation, or the wave of excitation 
may spread to adjacent vertical chains through short 
axon granular cells. The horizontal cells of Cajal permit 
activation of vertical units that Ile some distance away 
from the incoming afferent fiber. The spread of incoming 
Information serving one sensory modality laterally from 
one column to an adjacent column, or to columns some 
distance away, may permit the individual to start the pro
cess of understanding the nature of the sensory input. 

CORTICAL AREAS 
Over the past century, cllnicopathologlc studies ln 
humans and electrophysiologic and ablation studies in 
animals have produced evidence that different areas of 
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the cerebral cortex are functionally specialized. How
ever, the precise division of the cortex into different 
areas of specialization, as described by Brodmann, 
oversimplifies and misleads the reader. The simple divi
sion of cortical areas Into motor and sensory is erro
neous because many of the sensory areas are far more 
extensive than originally described and because motor 
responses can be obtained by stimulation of sensory 
areas. Until a satisfactory terminology has been devised 
to describe the various cortical areas, the main cortical 
areas will be named by their anatomical location. 

Some of the maln anatomical connections of the 
cerebral cortex are summarized in Table 8-1. 

Frontal Lobe 
The precentral area is situated in the precentral gyrus 
and includes the anterior wall of the central sulcus and 
the posterior parts of the superior, middle, and inferior 
frontal gyri; it extends over the superomedial border of 
the hemisphere into the paracentral lobule (Fig. 8-4). 
Histologically, the characteristic feature of this area is 
the almost complete absence of the granular layers and 
the prominence of the pyramidal nerve cells. The giant 
pyramidal cells of Betz, which can measure as much as 
120 µm long and 60 µm wide, are concentrated most 
highly in the superior part of the precentral gyrus and 
the paracentral lobule; their numbers diminish as one 
passes anteriorly in the precentral gyrus or inferiorly 
toward the lateral fissure. The great majority of the 
corticospinal and corticobulbar fibers originate from 
the small pyramidal cells in this area. The number of 
Betz cells present is estimated to be between 25,000 
and 30,000 and accounts for only about 3% of the corti
cospinal fibers. Notably, the postcentral gyrus and the 
second somatosensory areas, as well as the occipital 
and temporal lobes, give origin to descending tracts as 
well; they are involved in controlling the sensory input 
to the nervous system and are not involved in muscular 
movement. 

The precentral area may be divided lnto posterior 
and anterior regions. The posterior region, which is 
referred to as the motor area, primary motor area, or 
Brodmann area 4, occupies the precentral gyrus extend
ing over the superior border into the paracentral lob
ule. The anterior region is known as the premotor area, 
secondary motor area, or Brodmann area 6 and parts 
of areas 8, 44, and 45. It occupies the anterior part of the 
precentral gyrus and the posterior parts of the superior, 
middle, and inferior frontal gyri. 

The primary motor area, if electrically stimulated, 
produces isolated movements on the opposite side of 
the body as well as contraction of muscle groups con
cerned with the performance of a specific movement. 
Although isolated ipsllateral movements do not occur, 
bilateral movements of the extraocular muscles, the 
muscles of the upper part of the face, the tongue, and 
the mandible, and the larynx and the pharynx do occur. 

The movement areas of the body are represented in 
inverted form in the precentral gyrus (Fig. 8-5). Start
ing from below and passing superiorly are structures 
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Table 8-1 Main Anatomical Connections of the Cerebral Cortex 

•· 
Sensory 

Somatosensory (most to 
contralateral side of body; oral to 
same side; pharynx, larynx, and 
perineum bilateral) 

Ventral posterior lateral Primary somesthetic area Secondary somesthetic 
area; primary motor 
area 

and ventral posterior (83, 1, and 2), posterior 
medial nuclei of thalamus I central gyrus 

Vision Lateral geniculate body Primary visual area (B 17} Secondary visual area 
(B18and19) 

Auditory f Medial geniculate body-----rPrlmary auditory area (841 I and42) 

r-
Secondary auditory area 

{B22) 

Taste 

Smell 

Nudeus solitarius __ .,_j _Po_sterior central gyrus (843) _ 

Olfactory bulb Primary olfactory area; Secondary olfactory area 
periamygdaloid and (828) 
prepiriform areas 

Motor 
Fine movements (most to 

contralateral side of body; 
extraoeular muscles, upper face, 
tongue, mandible, larynx. bilat'GraO 

Thalamus from cerebellum, I Primary motor area (84} 
basal ganglia; 

Motor nuclei of 
brainstem and anterior 
hom cells of spinal 
cord; corpus striatum 

somatosensory area; I 
premotor area 

involved in swallowing and the tongue, jaw, lips, larynx, 
eyelid, and brow. The next area is an extensive region 
for movements of the fingers, especially the thumb, 
hand, wrist, elbow, shoulder, and trunk. The movements 
of the hip, knee, and ankle are represented 1n the high
est areas of the precentral gyrus; the movements of the 
toes are situated on the medial surface of the cerebral 
hemisphere 1n the paracentral lobule. The movements 
of the anal and veslcal sphincters are also located In the 
paracentral lobule. The area of cortex controlllng a par
ticular movement ls proportional to the skill involved in 
performing the movement and is unrelated to the mass 
of muscle participating in the movement. 

Thus, the function of the primary motor area is to 
carry out the individual movements of different parts of 
the body. To assist in this function, it receives numerous 
afferent fibers from the premotor area, the sensory cortex, 
the thalamus, the cerebellum, and the basal ganglia. The 
primary motor cortex Is not responsible for the design of 
the pattern of movement but ls the final station for conver
sion of the design into execution of the movement. 

The premotor area, which is wider superiorly than 
below and narrows down to be confined to the anterior 
part of the precentral gyrus, has no giant pyramidal 
cells of Betz. Electrical stimulation of the premotor 
area produces muscular movements similar to those 
obtained by stimulation of the primary motor area; 
however, stronger stimulation is necessary to produce 
the same degree of movement. 

The premotor area receives numerous inputs from the 
sensory cortex, the thalamus, and the basal ganglia. 
The function of the premotor area is to store programs 

of motor activity assembled as the result of past expe
rience. Thus, the premotor area programs the activity 
of the primary motor area. It is particularly involved 
in controlling coarse postural movements through its 
connections with the basal ganglia. 

The supplementary motor area Is situated 1n the 
medial frontal gyrus on the medial surface of the hemi
sphere and anterior to the paracentral lobule. Stimula
tion of this area results 1n movements of the contralateral 
limbs, but a stronger stimulus Is necessary than when 
the primary motor area is stimulated. Removal of the 
supplementary motor area produces no permanent loss 
of movement. 

The frontal eye fteld (see Fig. 84A) extends forward 
from the facial area of the precentral gyrus into the 
middle frontal gyrus (parts of Brodmann areas 6, 8, and 
9). Electrical stimulation of this region causes conjugate 
movements of the eyes, especially toward the opposite 
side. The exact pathway taken by nerve fibers from 
this area ts not known, but they are thought to pass to 
the superior colllculus of the mldbraln. The superior 
coll1culus ls connected to the nuclei of the extraocular 
muscles by the reticular formation. The frontal eye field 
is considered to control voluntary scanning movements 
of the eye and ls independent of visual stimuli. The 
involuntary following of moving objects by the eyes 
involves the visual area of the occipital cortex to which 
the frontal eye field is connected by association fibers. 

The motor speech area of Broca is located in the 
inferior frontal gyrus between the anterior and ascending 
rami and the ascending and posterior rami of the lateral 
fissure (Brodmann areas 44 and 45). In the majority of 
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Figure M Functional localization of the cerebral cortex. A:: Lateral view of the left cerebral hemi
sphere. B: Medial view of the left cerebral hemisphere. 

lndlvtduals, this area Is Important on the left or domi
nant hemisphere, and ablation will result In paralysis 
of speech. In those lndlvfduals In whom the right hemi
sphere Is dominant, the area on the right side Is of impor
tance. The ablation of this region In the nondomlnant 
hemisphere has no effect on speech. 

The Broca speech area brings about the formation 
of words by its connections with the adjacent primary 
motor areas; the muscles of the larynx, mouth, tongue, 
soft palate, and the respiratory muscles are appropri
ately stimulated. 

The prefrontal cortex is an extensive area that lies 
anterior to the precentral area. It Includes the greater 
parts of the superior, middle, and Inferior frontal gyri; 
the orbital gyri; most of the medial frontal gyrus; and 

the anterior half of the clngulate gyrus (Brodmann areas 
9, 10, 11, and 12). Large numbers of afferent and efferent 
pathways connect the prefrontal area with other areas 
of the cerebral cortex. the thalamus, the hypothalamus, 
and the corpus striatum. The frontopontine fibers also 
connect this area to the cerebellum through the pontine 
nuclei. The commissural fibers of the forceps minor and 
genu of the corpus callosum unite these areas in both 
cerebral hemispheres. 

The prefrontal area is concerned with the makeup of 
the individual's personality. As the result of the input 
from many cortical and subcortical sources, this area 
plays a role as a regulator of the person's depth of 
feeling. It also exerts Its Influence In determining the 
initiative and judgment of an Individual. 
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Parietal Lobe 
The primary IOIDeS1hedc area (primary somatic s~ 
sory cortex Sl) occupies the postcentral gyros (see 
flg. 8-4) on the lateral surface of the hemisphere and the 
posterior part of the paracentral lobule on the medial 
surface (Brodmann areas 3, I, and 2). Hlstologtcally, the 
anterior part of the postcentral gyms ls the area that bor
ders the central sulcus (area 3), is granular in type, and 
contains only scattered pyramidal cells. The outer layer 
of BaUJaraer is broad and very obvious. The posterior 
part of the postcentral gyrus (areas I and 2) possesses 
fewer granular cells. The primary somesthetic areas of 
the cerebral cortex receive projection fibers from the 
ventral posterior lateral and ventral posterior medial 
nuclei of the thalamus. The opposite half of the body Is 
represented as inverted. The pharyngeal region, tongue, 
and Jaws are represented In the most inferior part of the 
postcentral gyms; this is followed by the face, fingers, 
hand, arm, trunk, and thigh. The leg and the foot areas 
are found on the medial surface of the hemisphere In 
the posterior part of the paracentral lobule. The anal 
and genital regions are also found in this latter area. 
The apportioning of the cortex for a particular part of 
the body is related to its functional importance rather 
than to its size. The face, lips, thumb, and index finger 
have particularly large areas assigned to them. 1n fact, 
the size of the cortical area allocated to each part of the 
body is directly proportional to the number of sensory 
receptors present In that part of the body. 

Although most sensations reach the cortex from 
the contralateral side of the body, some from the oral 
region go to the same side, and those from the pharynx, 
larynx, and perineum go to both sides. On entering the 
cortex, the afferent fibers excite the neurons in layer IV, 
and then the signals spread toward the surface of the 
cerebral unit and toward the deeper layers. From layer 
VI, large numbers of axons leave the cortex and pass to 
lower sensory relay stations of the thalamus, medulla 
oblongata, and the spinal cord, providing feedback. 
This sensory feedback is largely inhibitory and serves 
to modulate the intensity of the sensory Input. 

Figure 8-5 Motor homunculus on the precentral 
gyrus. 

The anterior part of the postcentral gyrus situated 
in the central sulcus receives a large number of afferent 
fibers from muscle spindles, tendon organs, and joint 
receptors. This sensory information is analyzed in the 
vertical columns of the sensory cortex; it Is then passed 
forward beneath the central sulcus to the primary 
motor cortex, where it greatly influences the control of 
skeletal muscle activity. 

The eecondsy 80IDellbetk area (secondary somatic 
sensory cortex 52) Is in the superior lip of the posterior 
limb of the lateral fissure. The secondary sensory area is 
much smaller and less important than the primary sen
sory area. The face area lies most anterior, and the ~cg 
area is posterior. The body is bilaterally represented with 
the contralateral side dominant. The detailed connec
tions of this area are unknown. Many sensory impulses 
come from the primary area, and many signals are trans
mitted from the bralnstem. The functional significance 
of this area ls not understood. It has been shown that 
the neurons respond particularly to transient cutaneous 
stimuli, such as brush strokes or tapping of the skin. 

The 80IDellbetlc a.oc:lallon area occupies the supe
rior parietal lobule extending onto the medial surface 
of the hemisphere (Brodmann areas 5 and 7). This area 
has many connections wlth other sensory areas of the 
cortex, and its main function Is probably to receive and 
Integrate different sensory modalities. For example_, it 
enables one to recognize objects placed in the hand with
out the help of vision. In other words, it not only receives 
information concerning the size and shape of an object 
but also relates this to past sensory experiences; thus, 
the Information may be Interpreted, and recognition may 
occur. A quarter placed In the hand can be distinguished 
from a dime or a nickel by the size, shape, and feel of the 
coin without having to use one's eyes. 

Occipital Lobe 
The primary vlllUal area (Brodmann area 17) Is situ
ated In the walls of the posterior part of the calcarlne 
sulcus and occasionally extends around the occipital 
pole onto the lateral surface of the hemisphere (see 



Fig. 8-4). Macroscopically, this area can be recognized 
by the thinness of the cortex and the visual stria; micro
scopically, it is seen to be a granular type of cortex with 
only a few pyramidal cells present. 

The visual cortex receives afferent fibers from the 
lateral geniculate body. The fibers first pass forward 
ln the white matter of the temporal lobe and then turn 
back to the primary visual cortex in the occipital lobe. 
The visual cortex receives fibers from the temporal 
half of the ipsilateral retina and the nasal half of the 
contralateral retina. The right half of the field of vision, 
therefore, is represented in the visual cortex of the 
left cerebral hemisphere and vice versa. Note that the 
superior retinal quadrants (inferior field of vision) pass 
to the superior wall of the calcarine sulcus, while the 
Inferior retinal quadrants (superior field of vision) pass 
to the inferior wall of the calcarine sulcus. 

The macula lutea, which is the central area of the 
retina and the area for most perfect vision, is repre
sented on the cortex in the posterior part of area I 7 and 
accounts for one-third of the visual cortex. The visual 
impulses from the peripheral parts of the retina termi
nate in concentric circles anterior to the occipital pole 
in the anterior part of area I 7. 

The secondary visual area (Brodmann areas 18 and 
19) surrounds the primary visual area on the medial 
and lateral surfaces of the hemisphere. This area 
receives afferent fibers from area 1 7 and other cortical 
areas as well as from the thalamus. The function of the 
secondary visual area is to relate the visual information 
received by the primary visual area to past visual expe
riences, thus enabling the individual to recognize and 
appreciate what he or she is seeing. 

The occipital eye field is thought to exist in the 
secondary visual area In humans. Stimulation produces 
conjugate deviation of the eyes, especially to the oppo
site side. The function of this eye field Is believed to be 
reflex and associated with movements of the eye when 
it is following an object. The occipital eye fields of both 
hemispheres are connected by nervous pathways and 
also are thought to be connected to the superior collic
ulus. By contrast, the frontal eye field controls volun
tary scanning movements of the eye and is independent 
of visual stimuli. 

Temporal Lobe 
The primary auditory area (Brodmann areas 41 and 
42) includes the gyrus of Heschl and is situated in the 
Inferior wall of the lateral sulcus (see Fig. 8-4A). Area 41 
is a granular type of cortex; area 42 is homotypical and 
Is mainly an auditory association area. 

Projection fibers to the auditory area arise princi
pally in the medial geniculate body and form the audi
tory radiation of the internal capsule. The anterior 
part of the primary auditory area is concerned with 
the reception of sounds of low frequency, and the pos
terior part of the area is concerned with the sounds of 
high frequency. A unilateral lesion of the auditory area 
produces partial deafness in both ears, the greater loss 
being in the contralateral ear. This can be explained 
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on the basis that the medial geniculate body receives 
fibers mainly from the organ of Corti of the opposite 
side as well as some fibers from the same side. 

The secondary auditory area (auditory association 
cortex) Is situated posterior to the primary auditory 
area in the lateral sulcus and in the superior temporal 
gyrus (Brodmann area 22). It receives impulses from 
the primary auditory area and from the thalamus. The 
secondary auditory area is thought to be necessary for 
the interpretation of sounds and for the association of 
the auditory input with other sensory information. 

The sensory speech area of Wernicke is localized in 
the left dominant hemisphere, mainly in the superior 
temporal gyrus, with extensions around the posterior 
end of the lateral sulcus into the parietal region. The 
Wernicke area is connected to the Broca area by a 
bundle of nerve fibers called the arcuate fasclculus. It 
receives fibers from the visual cortex in the occipital 
lobe and the auditory cortex in the superior temporal 
gyrus. The Wernicke area permits understanding of 
written and spoken language and enables a person 
to read a sentence, understand it, and say it out loud 
(Figs. 8-6 and 8-7). 

Because the Wernlcke area represents the site on 
the cerebral cortex where somatic, visual, and audi
tory association areas all come together, it should be 
regarded as an area of very great importance. 

Other Cortical Areas 
The taste area Is situated at the lower end of the postcen
tral gyrus in the superior wall of the lateral sulcus and 
in the adjoining area of the insula (Brodmann area 43). 
Ascending fibers from the nucleus solitarius probably 
ascend to the ventral posteromedial nucleus of the thal
amus, where they synapse on neurons that send fibers 
to the cortex. 

The veatlbular area Is believed to be situated near 
the part of the postcentral gyrus concerned with sensa
tions of the face. Its location lies opposite the auditory 
area in the superior temporal gyrus. The vestibular area 
and the vestibular part of the inner ear are concerned 
with appreciation of the positions and movements of 
the head in space. Through its nerve connections, the 
movements of the eyes and the muscles of the trunk 
and limbs are influenced in the maintenance of posture. 

The lnsula ls an area of the cortex that ls burled 
within the lateral sulcus and forms its floor (see 
Fig. 7-9). It can be examined only when the lips of 
the lateral sulcus are separated widely. Histologically, 
the posterior part is granular and the anterior part is 
agranular, thus resembling the adjoining cortical areas. 
Its fiber connections are incompletely known. This area 
is thought to be important for planning or coordinating 
the articulatory movements necessary for speech. 

Association Cortex 
The primary sensory areas with their granular cortex 
and the primary motor areas with their agranular cor
tex form only a small part of the total cortical surface 
area. The remaining areas have all six cellular layers 
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and, therefore, are referred to as homotyplcal cortex. 
Classically, these large remaining areas were known as 
association areas, although precisely what they asso
ciate ls not known. The original concept-that they 
receive information from the primary sensory areas 
that ls to be integrated and analyzed in the associa
tion cortex and then fed to the motor areas-has not 
been established. As the result of clinical studies and 
animal experimentation, it has now become apparent 
that these areas of the cortex have multiple inputs and 
outputs and are very much concerned with behavior, 
dlscriminatlon, and interpretatlon of sensory experi
ences. Three main association areas are recognized: 
prefrontal, anterior temporal, and posterior parietal. 
The prefrontal cortex Is discussed on page 291. 

The anterior temporal cortex is thought to play a 
role in the storage of previous sensory experiences. 
Stimulation may cause the individual to re<:all objects 
seen or music heard in the past. 

In the posterior parietal cortex. visual information from 
the posterior occipital cortex and the sensory Input of 
touch and pressure and proprioception from the anterior 
parietal cortex is integrated into concepts of size, form, 
and texture. This ability is known as ttereognOl!lila. A con
scious appreciation of the body image is also assembled 
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In the posterior parietal cortex. The brain knows at all 
times where each part of the body Is located In relation to 
its environment. Thls information is so Important when 
performing body movements. The right side of the body 
is represented In the left hemisphere, and the left side of 
the body is represented in the right hemisphere. 

CEREBRAL DOMINANCE 
Anatomical examination of the two cerebral hemispheres 
shows that the cortical gyrl and ftssW"eS are almost 
Identical. Moreover, nervous pathways projecting to the 
cortex do so largely contralaterally and equally to identi
cal cortical areas. In addltlon, the cerebral commlssures, 
especially the corpus calloswn and the anterior commls
sure. provide a pathway for information that is received 
in one hemisphere to be transferred to the other. Nev
ertheless, certain nervous activity is predominantly 
performed by one of the two cerebral hemispheres. 
Handedness, perception of language, and spee4:h are 
functional areas of behavior that are controlled by the 
dominant hemisphere in most individuals. By contrast, 
spatial perception, recognition of faces, and music are 
interpreted by the nondominant hemisphere (Fig. 8-8). 

Right visual field 

Spatial perception 

... Recognition of faces and music 

Non· dominant 

Figure 8-8 Nervous activities performed predominantly by dominant and nondominant hemi
spheres. 



290 CHAPTER 8 The Structure and Functional Localization of the Cerebral Cortex 

More than 90% of the adult population Is nght handed 
and, therefore, is left-hemisphere dominant. About 96% 
of the adult population is left-hemisphere dominant for 
speech. 

In thetr work on human fetuses and neonates, Yakolev 
and Raklc have shown that more descending fibers In the 
left pyramid cross over the midllne in the de<:ussatlon 
than vice versa. This would suggest that the anterior 
horn cells on the right side of the spinal cord have a 
greater corticospinal innervation than those on the left 
side in most individuals, which might explain the domi
nance of the right hand. 

f e Clinical Notes 

General Considerations 
The cerebral cortex should be regarded as the last receiv
ing station Involved along a line of stations receiving 
information from the eyes and ears and organs of general 
sensation. The function of the cortex is, in simple terms, to 
discriminate, and it relates the received information to past 
memories. The enriched sensory Input Is then presumably 
discarded, stored, or translated Into action. Jn this whole 
process, Interplay between the cortex and basal nuclei Is 
provided by the many cortical and subcortical nervous 
connections. 

Cerebral Cortex Lesions 
In humans, the effect of destruction of different areas of 
the cerebral cortex has been studied by examining patients 
with lesions resulting from cerebral tumors, vascular 
accidents, surgery, or head injuries. Moreover, electrical 
recordings have been taken from diff-erent areas of the cor
tex during surgical exposure of the cerebral cortex or when 
stlmulatlng different parts of the cortex In the conscious 
patient. One thing that has emerged from these studies Is 
that the human cerebral cortex possesses, In a remarkable 
degree, the ability to reorganize the remaining intact cortex 
so that a certain amount of cerebral recovery ls possible 
after brain lesions. 

Motor Cortex 
Lesions of the primary motor cortex ID one hemisphere 
result in paralysis of the contralateral extremltles, with the 
finer and more skilled movements suffering most. Destruc
tion of the primary motor area (area 4) produces more 
severe paralysis than destruction of the 8CCOD.dary motor 
area (area 6). Destruction of both areas produces the most 
complete form of contralateral paralysis. 

Lesions of the eecondary motor area alone produce 
difficulty in the performance of skilled movements, with 
little loss of strength. 

The Jacbonlan epllepdc 8elzore ls due to an lrrltatlve 
lesion of the primary motor area (area 4). The convulsion 
begins In the part of the body represented In the primary 
motor area that is being lrrltated. The convulsive move
ment may be restricted to one part of the body, such as the 
face or the foot, or lt may spread to Involve many regions, 
depending on the spread of lrrltatlon of the primary motor 
area. 

Other researchers have shown that the speech 
area of the adult cortex Is larger on the left than on 
the right, whereas the two hemispheres of the new
born are believed to have equipotential capabilities. 
During childhood, one hemisphere slowly comes to 
dominate the other, and only after the first decade 
does the dominance become fixed. This would explain 
why a 5-year-old child with damage to the dominant 
hemisphere can easily learn to become left-handed 
and speak well, whereas this is almost impossible in 
the adult. 

MUSCLE SPASTICrTY 
A discrete lesion of the primary motor cortex (area 4) 
results In little change in the muscle tone. However, larger 
lesions involving the primary and secondary motor areas 
(areas 4 and 6), which are the most common, result in 
muscle spasm. The explanation for this ls that the primary 
motor cortez: gives origin to cortlcospinal and corticon~ 
clear tracts, and the secondary motor cortex gives origin to 
extrapyramidal tracts that pass to the basal ganglia and the 
reticular formation. The corticospinal and corticonuclear 
trarts tend to increase muscle tone, but the extrapyramidal 
fibers transmit inhibitory Impulses that lower muscle tone 
(see pp. 167-168). Destruction of the secondary motor area 
removes the inhibitory Influence, and consequently, the 
muscles are spastic. 

Frontal Eye Field 
Destructive lesions of the frontal eye field of one hemi
sphere cause the two eyes to deviate to the side of the lesion 
and an Inability to turn the eyes to the opposite side. The 
Involuntary tracking movement of the eyes when following 
moving objects Is unaffected, because the lesion does not 
involve the visual cortex in the occipital lobe. 

Irritative lesions of the frontal eye field of one he.» 
sphere cause the two eyes to periodically deviate to the 
opposite side of the lesion. 

Broca Motor Speech Area 
Destructive lesions in the left inferior frontal gyrus result 
ln the loss of ablllty to produce speech, that ls, apiellllft 
aphMla. The patients, however, retain the ability to think 
the words they wish to say, they can write the words, and 
they can understand their meaning when they see or hear 
them. 

Wernicke Sensory Speech Area 
Destructive lesions restricted to the Wemlcke speech area 
In the dominant hemisphere produce a loss of ablllty to 
understand the spoken and written word, that ls, recea> 
tlve aphMla. Since the Broca area Is unaffected, speech 
is unimpaired, and the patient can produce fluent speech. 
However, the patient ls unaware of the meaning of the 
words he or she uses and uses Incorrect words or even 
nonexistent words. The patient ls also unaware of any 
mistakes. 



Motor end Sensory Speech Areas 
Destructive lesions Involving both the Broca and Wernlcke 
speech veu result In loss of the production of speech and 
the understanding of the spoken and written word, that is, 
lloHleph•"• 

Patients who have lesions Involving the lmaJa have dif
ficulty In pronouncing phonemes in their proper order and 
usually produce sounds that are close to the target word 
but are not exactly correct. 

Dominant Angular Gyrus 
Destructive lesions In the angular gyros In the posterior 
parietal lobe (often considered a part of the Wernlcke area) 
divide the pathway between the visual association area and 
the anterior part of the Wernlcke area. This results In the 
patient being unable to read (alelda) or write (agraplala). 

Prefront•I Cortex 
Destruction of the prefrontal region does not produce any 
marked loss of Intelligence. It ls an area of the cortex that 
Is capable of associating experiences that are necessary 
for the production of abstract Ideas, judgment, emotional 
feeling, and personality. Tumors or traumatic destruction of 
the prefrontal cortex result In the person's losing Initiative 
and Judgment. Emotional changes that occur Include a ten
dency to euphoria. The patient no longer conforms to the 
accepted mode of social behavior and becomes careless of 
dress and appearance. 

Prefront•I Cortex and Schizophrenia 
The prefrontal cortex has a rich dopamlnergk: Innervation. 
A failure of this Innervation may be responsible for some of 
the symptoma of schizophrenia. which include important 
disorders of thought. PET Kans have shown that the blood 
flow in the prefrontal cortex in schizophrenic patients chal
lenged with secuttve type functions Is much less than In 
normal Individuals. 

Frontal Leukotomy and Frontal Lobectomy 
Frontal leukotomy (cutting the fiber tracts of the frontal 
lobe) and frontal lobectomy (removal of the frontal lobe) 
are surgical procedures that have been used to reduce the 
emotional responsiveness of patients with obsessive emo
tional states and Intractable pain. The surgical technique 
was developed to remove the frontal association activity 
so that past experience is not recalled and the possibHi
ties of the future are not considered; thus, introspection is 
lessened. 

A patient suffering severe pain, such as may be espe
rteoced In the terminal stages of cancer, will still feel the 
pain following frontal lobectomy, but he or she will no 
longer worry about the pain and, therefore, wUI not suffer. 
It should be pointed out that the introduction of effective 
tranqulllzlng and mood-elevating drugs has made these 
operative procedures largely obsolete. 

Sensory Cortex 
The lower centers of the brain, principally the thalamus, 
relay a large part of the sensory signals to the cerebral cor
tex for analysis. The sensory cortex is necessary for the 
appreciation of spatial recognition, recognition of relaJ:lve 
Intensity, and recognition of similarity and difference. 

Lesions of the primary 90Dletlthetlc uee of the cortex 
result In contralateral sensory disturbances, which are 
most severe in the distal parts of the limbs. Crude painful, 
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tactile and thermal stimuli often return, but this Is believed 
to be 

1

due to the function of the thalamus. The patient 
remains unable to judge degrees of warmth, unable to local
ize tact.Ile stimuli accurately, and unable to Judge weights 
of objects. Loss of muscle tone may also be a symptom ol 
lesions of the sensory cortex. 

Lesions of the secoodary somesthet:lc area of the cortex 
do not cause recognizable sensory defects. 

Somesthetic Association Area 
Lesions of the superior parietal lobule interfere with the 
patient's ablllty to combine touch, pressure, and proprio
ceptive Impulses, so he or she ls unable to appreciate 
texture, size, and form. 11l1s loss of Integration of sensory 
Impulses Is called MtereCJIDOlda. For example, with the 
eyes closed, the Individual would be unable to recognize a 
key placed In the hand. 

Destruction of the posterior part of the parietal lobe, 
which Integrates somatic and visual sensations, will Inter
fere with the appreciation of body Image on the opposite 
side of the body. The Individual may fall to recognize the 
opposite side of the body as his or her own. The patient 
may fail to wash It or dress it or to shave that side of the 
face or legs. 

Primary Visual Area 
Lesions Involving the walls of the posterior pa.rt of one cal
carlne sulcus result In a loss of sight In the opposite visual 
field, that is, a'GWd bomaaymom ....,,....,.. Interest
ingly, the central pa.rt of the visual field ls apparently nor
mal when tested. This so-called macular apartng Is probably 
due to the patient's shifting the eyes very sllgbtly while 
the visual Heidi are being eumlned. The following cllnlcal 
defects should be understood. Lesions of the upper half 
of one primary visual area-the area above the calcarlne 
sulcus---result In IDfator qudrandc: IPemlenopla. whereas 
lesions lnvoMng one visual area below the calcarlne sulcus 
result In .apertar qadnnttc hemlanopla. Lesions of the 
occipital pole produce central scotomu. The most com
mon causes of these lesions are vascular disorders, tumors, 
and lnJurles from gunshot wounds. 

Secondary Visual Area 
Lesions of the secondary visual area result In a loss of abil
ity to recognize objects seen In the opposite field of vision. 
The reason for this Is that the area of cortex that stores past 
visual experiences has been lost. 

Primary Auditory ArN 
Because the primary auditory area In the Inferior wall of 
the lateral sulcus receives nerve fibers from both cochleae, 
a lesion of one cortical area will produce slight bilateral 
loss of hearing, but the loss will be greater in the opposite 
ear. The main defect noted ls a loss of ablllty to locate the 
source of the sound. Bilateral destruction ol the primary 
auditory areas causes complete deafness. 

Secondary Auditory Area 
Lesions of the cortes posterior to the primary auditory area 
In the lateral sulcus and In the superior temporal gyms 
result In an Inability to Interpret sounds. The patient may 
ezperlence word deafnem (acGU811c ftl"W ....-a). 
Cerebral Dominance and Cerebral Damage 
Although both hemispheres are almost Identical In struc
ture, handednese, perception of language, speech, spatial 
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Judgment. and areas of behavior are controlled by one 
hemisphere and not the other !n the majority of the adult 
population. About 90% of people are right-handed, and the 
control resides in the left hemisphere. The remainder are 
left-banded, and a few individuals are ambidextrous. In 96% 
of indlviduals, speech and understanding of spoken and writ
ten language arc controlled by the left hemisphere. Thus, in 
most adults, the left cerebral hemisphere ls dominant. 

From a clinical point of view, the age at which cerebral 
dominance comes into eUect is important. For example, 
when cerebral damage occurs before the child has learned 
to speak, speech usually develops and Is maintained in the 
remaining Intact hemisphere. This transference of speech 
control ls much more difficult In older persons. 

Cerebral Cortical Potentials 
Electrical recordings taken from inside neurons of the cere
bral cortex show a negative resting potential of about 60 
mV. The action potentials overshoot the zero potential. 
Note that resting potential shows marted fluctuation, 
which Is probably due to the continuous but variable rece~ 
tlon of afferent Impulses from other neurons. Spontaneous 
electrical actlvlty can be recorded from the cortical surface 
rather than intracellularly; such recordings are known as 
electrocordcopama. Similar recordings can be made by 
placing the electrodes on the scalp. The result of this latter 
procedure Is referred to as the electroencephalopam. The 
changes of electrical potential recorded usually are very 
small and in the order of 50 mV. Characteristically, three 
frequency bands may be recognized in the normal individ· 
ual; they are referred to as alpha. beta, and delta rhythms. 
Abnormalities of the electroencephalogram may be of great 
value cllnically ln helping to diagnose cerebral tumors, epi· 
lepsy, and cerebral abscess. An electrically silent cortex 
Indicates cerebral death. 

Consciousness 
A conscious person Is awake and aware of himself or herself 
and the surroundings. For normal consciousness, active 
functioning of two main parts of the nervous system, the 
reticular format.ion (in the brainstem) and the cerebral cor
tex, is necessary. The reticular formation is responsible for 
the state of wakefulness. The cerebral cortex Is necessary 
for the state of awareness, that ls, the state in which the 
individual can respond to stimuli and Interact with the envi· 
ronment. Eye opening Is a brainstem function; speech Is a 
cerebral cortex function. Drugs that produce unconscious
ness, such as anesthetics, selectively depress the retkular 
alttdng mtth•nlam, while those that cause wakefulness 
have a stimulating effect on this mechanism. 

A physician should be able to recognize the different 
signs and symptoms associated with different stages 
of consciousness, namely, letbu1Y, 91.Upor, and coma 
(unconsciousness). In a lethargic individual, the speech 
Is slow, and voluntary movement ls dlm1nlshed and slow. 
The movement of the eyes ls slow. A stupored patient will 
speak only if stimulated with painful stimuli. The voluntary 
movements are nearly absent, the eyes are closed, and 
very little spontaneous eye movement occurs. A deeply 
stupored patient will not speak; severe pain will elicit mass 
movements of different parts of the body. The eyes will 
show even less spontaneous movement. 

An unconscious patient will not speak and will respond 
only reflexly to painful stimuli, or not at all; the eyes are 

\ closed and do not move. 

Clinicians commonly observe a patient with, for exam
ple, lntracranlal bleeding pass progressively from con
sciousness to lethargy, stupor, and coma, and then, If 
recovery occurs, pass In the reverse direction. For these 
altered states of unconsciousness to occur, the thalam~ 
cortical system and the reticular formation must be either 
directly Involved bilaterally or indirectly affected by distor
tion or pressure. 

Persistent Vegetative State 
A person can have an intact reticular formation but a non
functioning cerebral cortex. That person is awake (i.e., the 
eyes are open and move around) and has sleep-wake cycles; 
however, the person has no awareness and, therefore, can
not respond to stlmull such as a verbal command or pabl. 
This condition, known as a penlstent vegetallve state, is 
usually seen following severe head Injuries or an anoxic 
cerebral insult. Unfortunately, the lay observer thinks the 
patient ls •conscious." 

To be wakeful without having awareness is possible; 
however, having awareness without wakefulness Is not. 
The cerebral cortex requires the Input from the reticular 
formation in order to function. 

Sleep 
Sleep ls a changed state of consciousness. The pulse rate, 
respiratory rate, and blood pressure fall; the eyes deviate 
upward; the pupils contract but react to light; the ten
don reflexes are lost; and the plantar reflex may become 
extensor. A sleeping person is not. however, unconscious, 
because he or she may be awakened quickly by the cry of a 
child, for example, even though he or she has slept through 
the background noise of an alr~ondittoner. 

Sleep is facllltated by reducing the sensory Input and by 
fatigue. This results In decreased actlvity of the reticular 
formation and the thalamocortical activating mechanism. 
Whether this decreased activity ls a passive phenomenon 
or whether the reticular formation Is actively inhibited Is 
not known. 

Epilepsy 
Epilepsy is a symptom in which a sudden transitory dis· 
turbance of the normal physiology of the brain occurs, 
usually the cerebral cortex, that ceases spontaneously 
and tends to recur. The condition Is usually associated 
with a disturbance of normal electrical activity and, in 
Its most typical form, is accompanied by seizures. In par· 
tial seizures, the abnormality occurs in only one part of 
the brain and the patient does not lose consciousness. In 
generalized seizures, the abnormal activity involves large 
areas of the brain bllaterally, and the Individual loses 
consciousness. 

In some patients with generall7.ed seizures, nonco~ 
vulsive attacks may occur, in which the patient suddenly 
stares blankly into space. This syndrome is referred to 
as pedt mal. The majority of patients with generalized 
seizures have a sudden loss of consciousness, with acco~ 
panylng tonic muscle spasm and clonlc contraction as well 
as transient apnea and often loss of bowel and bladder 
control. The convulsions usually last from a few seconds 
to a few minutes. 

In most patients with epllepsy, the cause Is unknown. 
Some patients appear to have a hereditary predisposition; 
In a few patients, a locaJ lesion, such as a cerebral tumor or 
scarring of the cortex following trauma, is the cause. 



Cerebral Cortex Structure 

• The cerebral cortex: forms a complete covering of the 
cerebral hemisphere. It Is composed of gray matter 
thrown Into convolutions, or gyri, to increase surface 
area. 

• Pyramidal and fusiform cells are found in the cortex 
and have axons that either terminates in the deeper 
cortical layers, or more commonly, enters the white 
matter of the cerebral hemisphere as a projection, 
association, or commissural fiber. 

• Stellate, horizontal, and cells of Martinottl typically 
terminate on dendrites or axons of cells found 
within other layers of the cortex. 

• From superficial to deep, the six cortical layers are 
molecular, external granular, external pyramidal, 
internal granular, internal pyramidal, and multiform 
layers. 

Cortical Areas 

• Within each cerebral lobe, there are specialized 
regions of cortex with unique behavioral functions. 

Frontal Lobe 
• The precentral area of the frontal lobe can be dlvlded 

Into posterior and anterior regions. The posterior 
region, occupying the precentral gyrus, ls referred to 
as the primary motor area because activation of the 
cells In this region results ln Isolated movements of 
muscles on the contralateral side of the body. 

• The movement areas in the motor cortex 
are organized with the lower limb structures 

-

G Clinical Problem Solving 

1. During a pathology class, a student is shown a slide 
Ulustratlng a particular form of cerebral tumor. A 
small area of the cerebral cortex ls visible at the 
edge of the section. The instructor asks the student 
whether the tissue has been removed from a motor 
or sensory area of the cortex. What is the main dif
ference in structure between the motor and sensory 
areas of the cerebral cortex? 

2. A 4~year-old man is examined by a neurologist for 
a suspected brain tumor. The patient Is tested for 
stereognosls, that ls, the appreciation of form In 
three dimensions. With the patient's eyes closed, 
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represented on the medial aspect of the gyrus and 
ascending to trunk. upper limb, and face, laterally 
on the gyros. 

• The supplementary motor area and frontal eye field 
are both associated with the middle frontal gyrus. 
The latter is associated with conjugate movements 
of the eyes. 

• Broca area is responsible for speech production and 
is located in the inferior frontal gyrus; paralysis of 
this area results in speech paralysis. 

Parietal Lobe 
• The primary somesthetic (primary sensory) area 

occupies the postcentral gyrus of the parietal lobe. 
Sensations for parts of the body are organized In a 
somatotoplc map beginning with feet on the medial 
most aspect of the gyrus and the head on the most 
lateral aspect of the gyrus. 

Occipital Lobe 
• The primary visual area is found within the cortex 

of the calcarlne sulcus. This cortex receives afferent 
information from the lateral genlculate body, which 
received information from the retina. 

Temporal Lobe 
• The primary auditory area includes the gyrus of 

Heschl and is situated in the inferior wall of the 
lateral sulcus. The sensory speech area of Wernicke 
is localized in the left dominate hemisphere, in 
the superior temporal gyrus. This area permits 
the understanding of written and spoken 
language. 

a hairbrush ls placed In his right hand, and he is 
asked to recognize the object. He Is unable to recog
nize the brush even after the neurologist moves the 
brush about In the patient's hand. On opening his 
eyes, the patient immediately recognizes the brush. 
(a) Name the area of the cerebral cortex likely to be 
diseased in this patient. (b) Do you think moving the 
object around in the patient's hand is necessary? 

3. A 65-year-old man visits his physician because he 
notices that he has been dragging his right foot when 
walking for the past 3 weeks. On physical examina
tion, he ts fowtd to have an Increase ln tone of the 



294 CHAPTER 8 The Structure and Functional Localization of the Cerebral Cortex 

flexor muscles of the right arm, and, when he walks, 
he tends to hold his right arm adducted and flexed. 
He also holds his right fist tightly clenched. On study 
of the patient's gait, he is seen to have difficulty in 
flexing his right hip and knee. Slight but definite 
weakness and increased tone of the muscles of the 
right leg is noted. As the patient walks, he moves his 
right leg in a semicircle and places his forefoot on the 
ground before the heel. Examination of the right shoe 
shows evidence of increased wear beneath the right 
toes. Given that this patient had a cerebrovascular 
lesion involving the cerebral cortex, which area of the 
cortex was involved to cause these symptoms? 

4. While examining an unconscious patient, a clini
cian notes that when the patient's head Is gently 
rotated to the right, the two eyes deviated to the 
left. On rotation of the patient's head to the left, 
the patient's eyes still look to the left. Which area 
of the cortex is likely to be damaged in this patient? 

5. A 25-year-old soldier is wounded in combat by an 
explosive device. A small piece of shrapnel enters 
the right side of his skull over the precentral gyrus. 
Five years later, he Is examined by a physician during 
a routine physical checkup and ls found to have 
weakness of the left leg. The physician cannot detect 
any Increase in muscle tone in his left leg. Explain 
why most patients with damage to the motor area 
of the cerebral cortex have spastic muscle paralysis, 
while a few patients retain normal muscle tone. 

6. A distinguished neurobiologist gives a lecture on the 
physiology of the cerebral cortex to the freshman 
medical student class. After reviewing the structure 
of the different areas of the cerebral cortex and 
the functional localization of the cerebral cortex, 
he states that our knowledge of the cytoarchltec
ture of the human cerebral cortex has contributed 
very little to our understanding of the normal func
tional activity of the cerebral cortex. Do you agree 
with his statement? What do you understand by the 
term vertical chain theory? 

7. An 18-year-old boy receives a gunshot wound that 
severely damages his left precentral gyrus. On 
recovering from the incident, he leaves the hospi
tal with spastic paralysis of the right arm and leg. 
However, he still possesses some coarse voluntary 
movements of the right shoulder, hip, and knee. 
Explain the presence of these residual movements 
on the right side. 

8. A 53-year-old professor and chairman of an anato
my department sustains a severe head injury while 
rock climbing. During the ascent of a crevasse, 
his companion's Ice axe falls from his belt and 
struck the professor's head, causing a depressed 
fracture of the frontal bone. After convalescing 
from his accident, the professor returns to his 
position in the medical school, but faculty and the 
student body quickly notice that the professor's 
social behavior has changed dramatically. His lec
tures, although amusing, no longer have direction. 
Although previously a smartly dressed man, he 
now has an unkempt appearance. The organization 
of the department started to deteriorate rapidly. 
Finally, he Is removed from office after urinating 
into the trash bask.et in one of the classrooms. Use 
your knowledge of neuroanatomy to explain the 
professor's altered behavior. 

9. A 50-year-old woman with a cerebrovascular lesion 
is found to experience difficulty in understanding 
spoken speech, although she fully understands 
written speech. Which area of the cerebral cortex 
was damaged? 

10. A 62-year-old man, on recovering from a stroke, is 
found to have difficulty in understanding written 
speech (alexia) but can easily understand spoken 
speech and written symbols. Which area of the 
cerebral cortex is damaged in this patient? 

11. What ls understood by the following terms: (a) coma, 
(b) sleep, and (c) electroencephalogram? Name three 
neurologlc conditions In which the diagnosis may be 
assisted by an electroencephalogram. 

Answers and Explanations to Clinical Problem Solving 

1. The cerebral cortex Is made up of six Identifiable 
layers. In the motor cortex In the precentral gyrus, 
the second and fourth layers lack of granular cells, 
and the third and fifth layers in the somesthetic cor
tex in the postcentral gyrus lack of pyramidal cells. 
The motor cortex is thicker than the sensory cortex. 

2. (a) The area likely to be diseased is 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. (b) Yes, the patient 
must be allowed to finger the object so that these 
different sensations can be appreciated. 

3. This patient had a cerebrovascular lesion involv
ing the left precentral gyrus. The damage to the 
pyramidal cells that give origin to the corticospinal 

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. 290). 

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 tum the 
eyes to the opposite side. The frontal eye field is 
thought to control voluntary scanning movements 
of the eye and is independent of visual stimuli. 

5. A small discrete lesion of the primary motor cor
tex results in little change in muscle tone. Larger 
lesions Involving the primary and secondary motor 
areas, which are the most common, result in mus
cle spasm. The explanation for this is given on 
page 290. 



6. The extensive hlstologlc research of Brodmann, 
Campbell, Economo, and the Vogts has allowed the 
cerebral cortex to be dlvided 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, closely correlating structure with function 
has not been possible. In general, the motor corti
ces are thicker than the sensory cortices, and 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 electrophysiologlc techniques have 
indicated that dividing the cerebral cortex accord
ing to its thalamocortlcal projections Is more accu
rate. The vertical chain mechanism of the cerebral 
cortex is fully described on page 283. 

7. In this patient, the persistence of coarse voluntary 
movements of the right shoulder, hip, and knee 
joints can be ex.plained on the basis that coarse 
postural movements are controlled by the premo
tor area of the cortex and the basal ganglia, and 
these areas were spared in this patient. 

8. 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 prefrontal 
cortex does not cause a marked loss of intelligence, 
it does result in the individual losing initiative and 

e Review Questions 

Directions: Each of the numbered items in this section 
is followed by answers. Select the ONE lettered answer 
that is CORRECT. 

1. The following statements concern the cerebral cor
tex.: 
(a) The cerebral cortex is thinnest over the crest 

of a gyros and thickest in the depth of a sulcus. 
(b) The largest giant pyramidal cells are found in 

the postcentral gyros. 
(c) In the visual cortex:, the outer band of Balllarger 

is thin and can only be seen under a microscope. 
( d) The molecular layer is the most superficial 

layer of the cerebral cortex and is composed of 
the small cell bodies of the granular cells. 

(e) From a functional point of view, the cerebral 
cortex Is organized Into vertical units of activity. 

2. The following statements concern the precentral 
area of the frontal lobe of the cerebral cortex: 
(a) The anterior region ls known as the primary 

motor area. 
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drive, and often the patient no longer conforms to 
the accepted modes of social behavior. 

9. The understanding of spoken speech requires the 
normal functioning of the secondary auditory area, 
whlch is situated posterior to the primary auditory 
area in the lateral sulcus and in the superior tempo
ral gyros. This area is believed to be necessary for 
the interpretation of sounds, and the information is 
passed on to the sensory speech area of Wernicke. 

10. 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 calcarlne 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. 
This Information Is then passed on to the dominant 
angular gyrus and relayed to the anterior part of the 
Wernlcke speech area (seep. 283). 

11. (a) C-Oma is the term applied to an unconscious 
patient. The patient will not speak and will respond 
only reflexly to painful stimuli. Deeply comatose 
individuals will make no response. The eyes are 
closed and do not move. (b) Sleep is a changed 
state of consciousness; it is discussed on page 292. 
(c) An electroencephalogram Is a recording of the 
electrical activity of the cerebral cortex made by 
placing electrodes on the scalp. Detection of abnor
malities of the alpha, beta, and delta rhythms may 
assist in the diagnosis of cerebral tumors, epilepsy, 
and cerebral abscesses. 

(b) The primary motor area is responsible for skilled 
movements on the opposite side of the body. 

(c) The function of the primary motor area ls to 
store programs of motor actlvity, which are 
conveyed to the premotor area for the execu
tion of movements. 

( d) Individual skeletal muscles are represented in 
the primary motor area. 

( e) The area of cortex controlling a particular move
ment Is not proportional to the skill Involved. 

3. The following statements concern the motor speech 
area of Broca: 
(a) In most indlviduals, this area is Important on 

the left or dominant hemisphere. 
(b) The Broca speech area brings about the for

mation of words by its connections with the 
secondary motor area. 

(c) It is not connected to the sensory speech area 
ofWemicke. 

(d) It is located in the superior frontal gyrus 
between the anterior and ascending rami and 
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the ascending and posterior rarni of the lateral 
fissure. 

(e) Brodmann areas 34 and 35 represent the motor 
speech area 

4. The following statements concern the primary som
esthetic area: 
(a) It occupies the lower part of the precentral gyrus. 
(b) Histologically, it contains large numbers of 

pyramidal cells and few granular cells. 
(c) The opposite half of the body is represented 

inverted. 
( d) Although most sensations reach the cortex 

from the contralateral side of the body, sensa
tions from the hand go to both sides. 

(e) The area extends onto the anterior part of the 
paracentral lobule. 

5. The following statements concern the visual areas 
of the cortex: 
(a) The primary visual area ls located in the walls 

of the parieto-occlpital sulcus. 
(b) The visual cortex receives afferent fibers from the 

medial geniculate body. 
(c) The right half of the visual field is represented in 

the visual cortex of the right cerebral hemisphere. 
( d) The superior retinal quadrants pass to the infe

rior portion of the visual cortex. 
(e) The secondary visual area (Brodmann areas 

18 and 19) Is surrounded by the primary visual 
area on the medial and lateral surfaces of the 
hemisphere. 

6. The following statements concern the superior tem
poral gyrus: 
(a) The primary auditory area ls situated in the 

inferior wall of the lateral sulcus. 
(b) The main projection fibers to the primary audi

tory area arise from the thalamus. 

(c) The sensory speech area of Wernicke is local
ized in the Inferior temporal gyrus In the domi
nant hemisphere. 

(d) A unilateral lesion of the auditory area produces 
complete deafness in both ears. 

(e) The secondary auditory area ls sometimes 
referred to as Brodmann areas 41and42. 

7. The following statements concern the association 
areas of the cerebral cortex:: 
(a) They form a small area of the cortical surface. 
(b) The prefrontal area is concerned with the 

makeup of the individual's personality. 
(c) They are concerned with the interpretation of 

motor experiences. 
( d) Appreciation of the body image is assembled in 

the anterior parietal cortex, and the right side 
of the body Is represented in the left hemisphere. 

(e) The association areas have only four layers of 
cortex. 

8. The following statements concern cerebral domi
nance: 
(a) The cortical gyrl of the dominant and nondomi

nant hemispheres are arranged differently. 
(b) More than 90% of the adult population is right

handed and, therefore, is left-hemisphere dom
inant. 

(c) About 96% of the adult population is right-hemi
sphere dominant for speech. 

(d) The nondomlnant hemisphere interprets hand
edness, perception of language, and speech. 

(e) After puberty, the dominance of the cerebral 
hemispheres becomes fixed. 

Matching Questions. Directions: The following ques
tions apply to Figure 8-9. Match the numbers listed on 
the left with the most likely words designating lettered 

Figa.re 8-9 Lateral view of the left 
cerebral hemisphere. 



Central sulcus 

Figure 8·10 Medial view of the left cerebral hemisphere. 

functional areas of the cerebral cortex listed on the 
right. Each lettered option may be selected once, more 
than once, or not at all. 

9. Number 1 
10. Number 2 
11. Number3 
12. Number4 

(a) Primary motor area 
(b) Secondary auditory area 
( c) Frontal eye field 
(d} Primary somesthetlc area 
(e) None of the above 

The following questions apply to Figure 8-10. Match the 
numbers listed on the left with the most likely lettered 
words designating functional areas of the cerebral 
cortex listed on the right. Each lettered option may be 
selected once, more than once, or not at all. 

13. Number 1 
14. Number 1 
15. Number 1 
16. Number 1 

(a) Premotor area 
(b) Primary somesthetic area 
( c) Primary visual area 
(d) Primary motor area 
(e) None of the above 
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Directions: Each case history ls followed by questions. 
Read the case history, then select the ONE BF.sT let
tered answer. 

A 54-year-old woman was seen by a neurologist because 
her sister had noticed a sudden change in her behavior. 
On questioning, the patient stated that after waking up 
from a deep sleep about a week ago, she noticed that 
the left side of her body did not feel as if it belonged 
to her. Later, the feeling worsened, and she became 
unaware of the existence of her left side. Her sister told 
the neurologist that the patient now neglects to wash 
the left side of her body. 

17. The neurologist examined the patient and found the 
following most likely signs except: 
(a) The patient did not look toward her left side. 
(b) She readily reacted to sensory stimulation of 

her sld.n on the left side. 
(c) On being asked to move her left leg, she 

promptly did so. 
(d) Muscular weakness of the upper and lower 

limbs on the left side was evident. 
( e) On being asked to walk across the examining 

room, she tended not to use her left leg as much 
as her right leg. 

18. The neurologist made the following likely conclu
sions except: 
(a) The diagnosis of left hemiasomatognosia (loss 

of appreciation of the left side of the body) was 
made. 

(b) This condition probably resulted from a lesion 
of the left parietal lobe. 

(c) In addition, the patient exhibited left hemiakine
sia (unilateral motor neglect). 

(d) A lesion was likely in areas 6 and 8 of the medial 
and lateral premotor regions of the right frontal 
lobe. 

(e) The failure to look toward the left side (visual 
extinction) suggested a lesion existed In the 
right parleto-occlpital lobes. 

f) Answers and Explanations to Review Questions 

1. E ls correct. From a functional standpoint, the 
cerebral cortex is organized into vertical units of 
activity. A. The cerebral cortex is thickest over the 
crest of a gyros and thinnest In the depth of a sul
cus. B. The largest giant pyramidal cells are found 
in the precentral gyros (see Fig. 8-1). C. In the visual 
cortex, the outer band of Baillarger is so thick that 
it can be seen with the naked eye (see Fig. 8-3). 
D. The molecular layer ls the most superficial layer 
of the cerebral cortex and Is composed mainly of a 
dense network of tangentially oriented nerve fibers 
(see Fig. 8-2). 

2. B is correct. The primary motor area of the frontal 
lobe ls responsible for skilled movements on the 
opposite side of the body. A. In the frontal lobe 
of the cerebral hemisphere, the posterior region 

is known as the primary motor area (see Fig. 8-4). 
C. The function of the premotor area is to store 
programs of motor activity, which are conveyed to 
the primary motor area for the execution of move
ments. D. The individual skeletal muscles are not 
represented in the primary motor area. E. The area 
of cerebral cortex controlling a particular move
ment is proportional to the skill of the movement. 

3. A is correct. In most individuals, the speech area 
of Broca is Important on the left or dominant hemi
sphere. B. The Broca speech area brings about the 
formation of words by its connections with the 
primary motor area. C. The Broca speech area Is 
connected to the sensory speech area of Wemlcke. 
D. The speech area of Broca is in the inferior fron
tal gyros between the anterior and ascending rami 
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and the ascending and posterior rami of the lateral 
fissure (see Fig. 8-4). E. Brodmann areas 44 and 45 
represent the motor speech area (see Fig. 8-4). 

4. C is correct. In the primary somesthetic area, the 
opposite half of the body is represented inverted. 
A. The primary somesthetic area occupies the post
central gyrus (see Fig. 8-4). B. Histologically, the 
primary somesthetic area contains large numbers 
of granular cells and few pyramidal cells. D. Most 
sensations from different parts of the body reach 
the cortex from the contralateral side of the body; 
those from the hand also only go to the contralat
eral side. E. The primary somesthetic area extends 
onto the posterior part of the paracentral lobule 
(see Fig. 8-4). 

5. D is correct. The superior retinal quadrants pass 
to the inferior portion of the visual cortex. A. The 
primary visual cortex is located in the walls of the 
posterior part of the calcarine sulcus (see Fig. 8-4). 
B. The visual cortex receives afferent fibers from 
the lateral geniculate body. C. The right half of the 
visual field is represented in the visual cortex of the 
left cerebral hemisphere. E. The secondary visual 
area (Brodmann areas 18 and 19) surrounds the pri
mary visual area on the medial and lateral surfaces 
of the hemisphere (see Fig. 8-4). 

6. A is correct. The primary auditory area is situated 
in the inferior wall of the lateral sulcus (see Fig. 8-4). 
B. The main projection fibers to the primary audi
tory area arise from the medial geniculate body. 
C. The sensory speech area of Wernicke is localized 
in the superior temporal gyrus in the dominant 
hemisphere (see Fig. 8-4). D. A unilateral lesion of 
the auditory area produces partial deafness in both 
ears. E. The primary auditory area Is sometimes 
referred to as Brodmann areas 41and42. 

7. B is correct. The prefrontal area is concerned with 
the makeup of the individual's personality. A. The 
association areas of the cerebral cortex form a large 
area of the cortical surface. C. The association areas 
are concerned with the interpretations of sensory 

experiences. D. Appreciation of the body image 
is assembled in the posterior parietal cortex, and 
the right side of the body ls represented in the left 
hemisphere. E. The association areas have all six 
cellular layers and are referred to as homotypical 
cortex. 

8. B is correct. More than 90% of the adult population 
is right-handed and, therefore, is left-hemisphere 
dominant. A. The cortical gyri of the dominant 
and nondomlnant hemispheres are arranged in the 
same way. C. About 96% of the adult population is 
left-hemisphere dominant for speech. D. The non
dominant hemisphere interprets spatial perception, 
recognition of faces, and music. E. After the first 
decade of life, the dominance of the cerebral hemi
spheres becomes fixed. 

The answers for Figure 8-9, which shows the lateral 
view of the left cerebral hemisphere, are as follows: 

9. C is correct; 1 is the frontal eye field. 
10. E is correct; 2 is the secondary somesthetic area 

(see Fig. 8-4). 
11. E is correct; 3 is the Wernicke sensory speech area 

(see Fig. 8-4). 
12. Bis correct; 4 is the secondary auditory area (see 

Fig. 8-4). 

The answers for Figure 8-10, which shows the medial 
view of the left cerebral hemisphere, are as follows: 

13. C is correct; 1 is the primary visual area (see Fig. 8-4). 
14. Bis correct; 2 is the primary somesthetic area (see 

Fig. 8-4). 
15. Dis correct; 3 is the primary motor area (see Fig. 8-4). 
16. A is correct; 4 is the premotor area (see Fig. 8-4). 
17. D is correct. The patient exhibited no weakness of 

her muscles on the left side despite the fact that her 
sister stated that she tended not to use her left leg. 

18. B is correct. An MRI revealed a tumor in the right 
parieto-occipital lobes; a further lesion was present 
in the right frontal lobe. 



Reticular Formation 
and Limbic System 

CHAPTER OBJECTIVE 

• To provide a brief overview of the structure and 
function of the reticular formation 

A 24-year-old medical student is rushed by ambulance to 
the emergency department after an accident on his mo
torcycle. On examination, he is found to be unconscious 
and shows evidence of severe injury to the right side of his 
head. He fails to respond when spoken to, and he does not 
make any response to deep painful pressure applied over 
his supraorbital nerve. The plantar reflex is extension, and 
the corneal, tendon, and pupillary reflexes are absent. The 
patient is clearly in a deep coma. Further neurologic exam
ination reveals nothing that might add to the diagnosis. A 
computed tomography scan shows a large depressed frac
ture of the right parietal bone of the skull. 

After a week in the intensive care unit, the patient's 
condition changes. He suddenly shows signs of being 
awake but not aware of his environment or inner needs. 
To the delight of his family, he follows them with his eyes 
and responds in a limited manner to primitive postural and 
reflex movements; he does not, however, speak and does 
not respond to commands. Although he has sleep-wake 

RETICULAR FORMATION 
The reticular formation, as its name suggests, resem
bles a net (reticular) that is made up of nerve cells 
and nerve fibers. The net extends up through the axis 
of the central nervous system (CNS) from the spinal 
cord to the cerebrum. It is strategically placed among 
the important nerve tracts and nuclei. It receives input 
from most of the sensory systems and has efferent 
fibers that descend and influence nerve cells at all 
CNS levels. The exceptionally long dendrites of the 
neurons of the reticular formation permit Input from 
widely placed ascending and descending pathways. 
Through Its many connections, It can Influence skeletal 
muscle activity, somatic and visceral sensations, the 
autonomic and endocrine systems, and even the level 
of consciousness. 

• To present the parts of the llmblc system and Its 
functions 

cycles, he does not respond appropriately to pain. The 
patient's neurologic condition is unchanged 6 months later. 

The neurologist determines that the patient is awake but 
not aware of his surroundings. He explains to the family that 
the part of the brain referred to as the reticular formation in 
the brainstem had survived the accident and is responsible 
for the patient apparently being awake and able to breathe 
without assistance. However, because his cerebral cortex is 
dead, the patient will remain in this vegetative state. 

Not very long ago, the reticular system was believed 
to be a vague network of nerve cells and fibers occupying 
the central core of the brainstem with no particular func
tion. Today, it is known to play a key role in many import
ant activities of the nervous system. 

Limbic system was a term loosely used to describe 
the part of the brain between the cerebral cortex and the 
hypothalamus, a little understood area of the brain. Today, 
it is known to play a vital role in emotion, behavior, drive, 
and memory. 

General Arrangement 

The reticular formation consists of a deeply placed 
continuous network of nerve cells and fibers that extend 
from the spinal cord through the medulla, the pons, the 
midbrain, the subthalamus, the hypothalamus, and 
the thalamus. The diffuse network may be divided 
into three longitudinal columns: the first occupying the 
median plane, called the median column, and consist
ing of intermediate-size neurons; the second, called the 
medial column, containing large neurons; and the third, 
or lateral col111DD, containing mainly small neurons 
(Fig. 9-1). 

With classic neuronal staining techniques, the groups 
of neurons are poorly defined; therefore, tracing an 
anatomical pathway through the network is difficult. 
However, with the new techniques of neurochemistry 
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FtguN 9-1 Diagram showing the approximate positions 
of the median, medial, and lateral columns of the reticular 
formation in the brainstem. 

and cytochemlcal localization, the reticular forma
tion ls shown to contain highly organized groups of 
transmitter-specific cells that can Influence fwictlons in 
specific CNS areas. The monoamlnerglc groups of cells, 
for example, are located in well-defined areas throughout 
the reticular formation. 

Polysynaptic pathways exist, and both crossed and 
uncrossed. ascending and descending pathways are pres
ent, involving many neurons that serve both somatic and 
visceral functions. 

Inferiorly, the reticular formation is continuous with 
the interneurons of the gray matter of the spinal cord, 
while superiorly, bnpulses are relayed to the cerebral 
cortex; a substantlal projectlon of fibers also leaves the 
reticular formation to enter the cerebellwn. 

Afferent Projections 
Many different afferent pathways project onto the retic
ular formation from most parts of the CNS (Fig. 9-2). 
Spinoreticular and splnothalamlc tracts and the medial 
lemniscus project from the spinal cord. Ascending affer
ent tracts including the vestibular, acoustic, and visual 
pathways proje<:t from the cranial nerve nuclei. The 
cerebelloreticular pathway projects from the cerebellum, 

Figure 9-a Diagram showing the afferent fibers of the reticular formation. 



and further afferent tracts project from the subthalamic, 
hypothalamic, and thalamic nuclei and from the corpus 
striatum and limbic system. Other important afferent 
fibers arise in the primary motor cortex of the frontal 
lobe and from the somesthetic cortex of the parietal lobe. 

Efferent Projections 
Multiple efferent pathways extend down to the brainstem 
and spinal cord through the reticulobulbar and reticulo
spinal tracts to neurons in the motor nuclei of the cranial 
nerves and the anterior horn cells of the spinal cord. Other 
descending pathways extend to the sympathetic outflow 
and the craniosacral parasympathetic outflow of the auto
nomic nervous system (ANS). Additional pathways extend 
to the corpus striatum, the cerebellum, the red nucleus, 
the substantia nigra, the tectum, and the nuclei of the thal
amus, subthalamus, and hypothalamus. Most regions of 
the cerebral cortex receive efferent fibers as well. 

Functions 
Given the vast number of connections of the reticular 
formation to all parts of the nervous system, not sur
prisingly, it serves many functions. A few of the more 
important functions are considered here. 

1. Control of skeletal muscle. Through the retlculo
spinal and reticulobulbar tracts, the reticular forma
tion can influence the activity of the a and y motor 
neurons. Thus, the reticular formation can modulate 
muscle tone and reflex activity. It can also bring 
about reciprocal inhibition; for example, when the 
flexor muscles contract, the antagonistic extensors 
relax. The reticular formation, assisted by the ves
tibular apparatus of the inner ear and the vestibular 
spinal tract, plays an Important role In maintaining 
the tone of the antigravity muscles when standing. 
The so-called respiratory centers of the brainstem, 
described by neurophysiologists as being in the con
trol of the respiratory muscles, are now considered 
part of the reticular formation. 

2. Control of facial expremdon muscles. The reticular 
formation is important in controlling the muscles of 
facial expression when associated with emotion. For 
example, when a person smiles or laughs in response 
to a joke, the motor control is provided by the reticu
lar formation on both sides of the brain. The descend
ing tracts are separate from the cortlcobulbar fibers. 
This means that a person who has suffered a stroke 
that involves the corticobulbar fibers and exhibits 
facial paralysis on the lower part of the face is still 
able to smile symmetrically (see Fig. 11-25). 

3. Control of BOmatic and vhlceral BeDSation.s. By virtue 
of its central location in the cerebrospinal axis, the 
reticular formation can influence all ascending path
ways that pass to supraspinal levels. The influence may 
be facilitative or inhibitory. In particular, the reticular 
formation may have a key role in the "gating mecha
nism" for the control of pain perception (seep. 146). 

4. Control of the ANS. Higher control of the ANS, 
from the cerebral cortex, hypothalamus, and other 
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subcortical nuclei, can be exerted by the reticulob
ulbar and reticulospinal tracts, which descend to 
the sympathetic outflow and the parasympathetic 
craniosacral outflow. 

5. Control of the endocrine system. Either directly or 
indirectly through the hypothalamic nuclei, the retic
ular formation can influence the synthesis or release 
of releasing or release-inhibiting factors and thereby 
control the activity of the hypophysis cerebri. 

6. Influence on biologic clocks. By means of its multi
ple afferent and efferent pathways to the hypothala
mus, the reticular formation probably influences the 
biologic rhythms. 

7. Redcular activating syatem. Arousal and the level of 
consciousness are controlled by the reticular forma
tion. Multiple ascending pathways carrying sensory 
Information to higher centers are channeled through 
the reticular formation, which, in tum, projects this 
information to different parts of the cerebral cortex, 
causing a sleeping person to awaken. In fact, state of 
consciousness is now thought to be dependent on 
the continuous projection of sensory information to 
the cortex. Different degrees of wakefulness seem to 
depend on the degree of activity of the reticular forma
tion. Incoming pain sensations strongly increase the 
activity of the reticular formation, which, in tum, greatly 
excites the cerebral cortex. Acetylcholine plays a key 
role as an excitatory neurotransmitter in this process. 

Thus, the reticular formation, almost totally ignored 
in the past, is now being shown to influence practically 
all activities of the body. 

LIMBIC SYSTEM 
The word limbic means border or margin, and the term 
limbic system was loosely used to include a group of 
structures that lie in the border zone between the cere
bral cortex and the hypothalamus. Research has now 
shown that the limbic system is involved with many 
other structures beyond the border zone In the control 
of emotion, behavior, and drive; it also appears to be 
important to memory. 

Anatomically, the limbic structures include the sub
callosal, the cingulate, and the parahippocampal gyri, 
the hippocampal formation, the amygdaloid nucleus, 
the mammillary bodies, and the anterior thalamic 
nucleus (Fig. 9-3). The alveus, the fimbria, the fornix, 
the mammillothalamic tract, and the stria terminalis 
constitute the connecting pathways of this system. 

Hippocampal Formation 
The hippocampal formation consists of the hippocam
pus, the dentate gyms, and the parahippocampal gyms. 

The hlppocampus is a curved elevation of gray matter 
that extends throughout the entire length of the floor 
of the inferior horn of the lateral ventricle (Fig. 94). 
Its anterior end is expanded to form the pes hippo
campus. It is named hippocampus because it resembles 
a seahorse in coronal section. The convex ventricular 
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surface is covered with ependyma, beneath which lies a 
thin layer of white matter called the alveus (Fig. 9-5). The 
alveus consists of nerve fibers that have originated in 
the hippocampus, and these converge medially to form a 
bundle called the flmbrla. The fimbria, in turn, becomes 
continuous with the crus of the fomix. The hippocampus 
terminates posteriorly beneath the splenium of the cor
pus calloswn. 

The dentate gyrus Is a narrow, notched band of 
gray matter that Iles between the ftmbrta of the hlppo
carnpus and the parahippocarnpal gyrus (see Fig. 9-4). 
Posteriorly, the gyrus accompanies the flmbrla almost 
to the spleniwn of the corpus callosum and becomes 
continuous wlth the lndmium grlsewn. The lnduslum 
griseum ls a thin, vestigial layer of gray matter that 
covers the superior surface of the corpus callosum 
(Fig. 9-6). Embedded in the superior surface of the indu
sium griseum are two slender bundles of white fibers 
on each side called the medial and lateral longitudinal 
striae. The striae are the remains of the white matter of 
the vestigial indusium griseum. Anteriorly, the dentate 
gyrus Is continued into the uncus. 

The parahlppocampal gyrus lies between the hip
pocampal fissure and the collateral sulcus and Is 
continuous with the hlppocampus along the medial 
edge of the temporal lobe (see Figs. 9-4 and 9-5). 

Amygdaloid Nucleus 
The amygdaloid nucleus is so named because it resem
bles an almond. It Is situated partly anterior and partly 

superior to the tip of the lnf er I or horn of the lateral 
ventricle (see Fig. 7-14). It is fused with the tlp of the 
tail of the caudate nucleus, which has passed anteriorly 
in the roof of the inferior horn of the lateral ventricle. 
The stria tenninalis emerges from lts posterior aspect. 
The amygdaloid nucleus consists of a complex of nuclei 
that can be grouped into a larger baaolateral group and 
smaller cortfcomecllal group. 

The mammillary bodies and the anterior nucleus of 
the thalamus are considered elsewhere In this text. 

Connecting Pathways of the Limbic System 
The connecting pathways of the limbic system are the 
alveus, the ftmbrta, the fornlx, the mammUlothalarnic 
tract, and the stria termlnalls. 

The alveue consists of a thin layer of white matter 
that Iles on the superior or ventricular surface of the 
hippocampus (see Fig. 9-5). It ls composed of nerve 
fibers that originate in the hippocampal cortex. The 
fibers converge on the medial border of the hippocam
pus to form a bundle called the fimbrla. 

The fimbria now leaves the posterior end of the 
hippocarnpus as the ems of the fornh: (see Fig. 9-4). 
The crus from each side curves posteriorly and superi
orly beneath the splenlum of the corpus callosum and 
around the posterior surface of the thalamus. The two 
crura now converge to form the body of the fornb:, 
which ls applled closely to the undersurface of the 
corpus callosum (see Fig. 9-3). As the two crura come 
together, they are connected by transverse fibers called 
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the corpus callosum. 

the cmnndMure of the fornb: (see Fig. 7-16). These 
fibers decussate and join the hippocampi of the two 
sides. 

Anteriorly, the body of the fomix is connected to the 
uodersurface of the corpus callosum by the lepbDD 
pelluddam. Inferiorly, the body of the fomix is related 
to the tela choroldea and the ependymal roof of the 
third ventricle. 

The body of the fomlx splits anteriorly into two ante
rior colUlllllB of the fomh, each of which curves ante
riorly and inferiorly over the interventricular foramen 
(foramen of Monro). Then, each column disappears 
into the lateral wall of the third ventricle to reach the 
m•mmllJary body (see l'ig. 9-3). 

The mammllJotb•lamlc tract provides important con
nections between the mammillary body and the anterior 
nuclear group of the thalamus. 

The S1l1a termlnaDa emerges from the posterior 
aspect of the amygdalold nucleus and runs as a bundle 
of nerve fibers posteriorly in the roof of the inferior horn 
of the lateral ventricle on the medial side of the tall of 
the caudate nucleus. It follows the curve of the caudate 
nucleus and comes to lie in the floor of the body of the 
lateral ventricle. 

Hippocampal Structure and the Dentate Gyrus 
The cortical structure of the parahlppocampal gyros ls 
six layered (see Fig. 9-5). AJl the cortex Is traced into the 
hlppocampus, there ls a gradual transition from a six- to 
a three-layered arrangement. These three layers are the 
superficial molecular layer, consisting of nerve fibers 
and scattered small neurons; the pyramldal layer, con
sisting of many large pyramid-shaped neurons; and the 
inner polymorphic layer, which Is similar in structure 
to the polymorphic layer of the cortex seen elsewhere. 

The dentate gyrus also has three layers. but the pyra
midal layer is replaced by the granular layer. The gran
ular layer is composed of densely arranged rounded or 
oval neurons that give rise to axons that terminate on 
the dendrites of the pyramidal cells In the hlppocampus. 
A few of the axons Join the ftmbrla and enter the fomix. 

Afferent Connections of the Hippocampus 
Afferent connections of the hippocampus may be 
divided into six groups (Fig. 9-7): 

1. Fibers arising in the cingulate gyrus pass to the hip
pocampus. 
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F'igwe 9-7 Diagram showing some important afferent and efferent connections of the limbic 
system. 

2. Fibers arising from the septa! nuclei (nuclei lying 
within the midllne close to the anterior commlssure) 
pass posterior in the fomb: to the hlppocampus. 

3. Fibers arising from one hippocampus pass across 
the midline to the opposite hippocampus in the com
missure of the fomix. 

4. Fibers from the indusium griseum pass posteriorly in 
the longitudinal striae to the hippocampus. 

5. Fibers from the entorhinal area or olfactory-associated. 
cortex pass to the hippocampus. 

6. Fibers arising from the dentate and parahippocam
pal gyrl travel to the hlppocampus. 

Efferent Connections of 'the Hippocampus 
Axons of the large pyramidal cells of the hippocampus 
emerge to form the alveus and the fimbria. The fimbria 
continues as the crus of the fornix. The two crura con
verge to form the body of the fomix. The body of the 
fomix splits into the two columns of the fornix, which 
curve downward and forward in front of the interven
tricular forarnina. The fibers within the fornlx. are dis
tributed to the following regions (see Fig. 9-7): 

1. Fibers pass posterior to the anterior commissure to 
enter the mammillary body, where they end in the 
medial nucleus. 

2. Fibers pass posterior to the anterior commlssure to 
end In the anterior nuclei of the thalamus. 

3. Fibers pass posterior to the anterior commissure to 
enter the tegmentum of the midbrain. 

4. Fibers pass anterior to the anterior commlssure to 
end ln the septal nuclei, the lateral preoptic area, and 
the anterior part of the hypothalamus. 

5. Fibers join the stria medullarts thalami to reach the 
habenular nuclei. 

Consideration of the above complex anatomical 
pathways indicates that the structures comprising the 
limbic system not only are interconnected but also send 
projection fibers to many different parts of the nervous 
system. Physiologists now recognize the Importance of 
the hypothalamus as being the major output pathway 
of the limbic system. 

Umbic System Functions 
The limbic system, via the hypothalamus and its con
nections with outflow of the ANS and its control of the 
endocrine system, ls able to influence many aspects 
of emotional behavior. These include particularly the 
reactions of fear and anger and the emotions associated 
with sexual behavior. 

Evidence also suggests that the hippocampus is 
concerned with converting recent memory to long
term memory. A lesion of the hippocampus results in 
the Individual being unable to store long-term memory. 
Memory of remote past events before the lesion devel
oped is unaffected. This condition is called antero
grade amnella. Note that injury to the amygdaloid 
nucleus and the hippocampus produces greater mem
ory loss than injury to either one of these structures 
alone. 

Evidence does not show that the limbic system has 
an olfactory function. Its various afferent and efferent 
connections provide pathways for the integration and 
effective homeostatic responses to a wide variety of 
environmental stimuli. 
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Reticular Formation 
The reticular formation is a continuous network of nerve 
cells and fibers that extend through the neuroaxls from the 
spinal cord to the cerebra] cortex. The reticular formation 
not only modulates the control of motor systems but also 
influences sensory systems. By means of Its multiple ascend· 
ing pathways, which project to different parts of the cerebral 
cortex, it is believed to influence the state of consciousness. 

Loss of Consciousness 
In experimental animals, damage to the reticular formation, 
which spares the ascending sensory pathways, causes per
sistent unconsciousness. Pathologic lesions of the reticular 
formation in humans can result in loss of consciousness 
and even coma. It has been suggested that the loss of con
sciousness that occurs In epilepsy may be due to lnhlbltlon 
of the actlvity of the reticular formation In the upper part of 
the dlencephalon. 

Limbic System 
Because the anatomical connections of the Jlmblc system are 
eirtremely complex and their significance Is not fully under
stood, committing alJ of them to memory Is unnecessary. The 
results of neuropb:yslologtc experiments, which have Included 
stimulation and ablation of different parts of the limbic sys
tem in animals, are not entirely clear. Nevertheless, certain 
Important roles have been inferred: (1) The limbic structures 
are Involved In the development of sensations of emotion and 
wtth the viscera] responses accompanying those emotions, 
and (2) the hlppocampus ls concerned with re<:ent memory. 

Schizophrenia 
The symptoms of schizophrenia Include chronically disor
dered thinking, blunted affect, and emotional withdrawal. 
Paranoid delusions and auditory hallucinations may also be 
present. Cllnlcal research has shown that lf the Umblc recep
tors to dopamine are blocked by a pharmacologlc agent, the 
worst symptoms of schizophrenia are lessened. Phenothiazine 

Reticular Formation 

• The reticular formation consists of a deeply placed, 
continuous network of nerve cells and fibers that 
extend throughout the medulla, pons, mldbraln, 
subthalamus, hypothalamus, and thalamus. 

• It is organized into three longitudinal columns: 
median, medial, and lateral. 

• These columns can modulate 1) muscle tone 
and reflex activity, 2) somatic and visceral 
sensations, 3) autonomic nervous system, 
4) endocrine functions, 5) biologic clocks, and 

administration, for e:rample, blocks the dopamine receptors In 
the limbic system. Unfortunately, this drug, as well as most 
other antipsychotlc drugs, has major motor side effects on the 
dopamtnergtc receptors within the ex.trapyramidaJ system, 
producing abnonnal involuntary movements. Research is 
now concentraling on finding a drug that will block the limbic 
dopamine receptors but without effect on the receptors of the 
extrapyramldal system (substantla nlgrr<:orpus striatum). 

Clearly, no direct evidence exists to suggest that exces
sive production of dopamine by certain neurons actually 
contributes to schizophrenia. 

Amygdaloid Complex Destruction 
Unilateral or bilateral destruction of the amygdalold nucleus 
and the para-amygdalold area In patients suffering from 
aggressive behavior In many cases results in a decrease 
In aggressiveness, emotional Instability, and restlessness; 
increased interest in food; and hyperse:xuality but no mem
ory disturbance. Monkeys that have been subjected to 
bilateral removal of the temporaJ Jobes demonstrate what 
ls known as XHlwr-Bacy syndrome. They become docile 
and show no evidence of fear or anger and are unable to 
appreciate objects visually. They have increased appetite 
and sexual activity. Moreover, the animals indiscriminately 
seek partnerships with maJe and female animals. 

Precise stereotactlc lesions In the amygdaJold complex 
In humans reduce emotional excitability and bring about 
normaJlzat.lon of behavior In patients with severe distur
bances. No Joss of memory occurs. 

Temporal Lobe Dysfunction 
Temporal lobe epilepsy may be preceded by an aura of 
acoustic or olfactory experience. The olfactory aura Is 
usuaJly an unpleasant odor. The patient ls often confused, 
anxious, and docile and may perform automatic and compli
cated movements, such as undressing In public or driving 
a car, and then, following the seizure, may have no memory 
of what occurred previously. 

6) the reticular activating system (arousal and 
consciousness). 

Limbic System 

• This group of structures controls emotion, behavior, 
drive, and memory and includes the subcallosal, 
clngulate, and parahippocampal gyri, the hippocampal 
formation, the amygdalold nucleus, the mammillary 
bodies, and the anterior thalamic nucleus. 

• The hlppocampal formation consists of the hippo
campus, dentate gyrus, and parahippocampal gyrus. 



Clinical Problem Solving 

1. While discussing the neurologic basis of emotions 
during a ward round, a neurologist asks a third-year 
medical student what she knows about the Kliiver
Bucy syndrome. What would be your answer to that 
question? Does Kluver-Bucy syndrome ever occur 
in humans? 

2. A 23-year-old woman with a 4-year history of epileptic 
attacks visits her neurologist. A friend of hers vividly 
describes one of her attacks. For a few seconds before 
the conwlsions begin, the patient complains of an 
unpleasant odor, similar to that encountered in a cow 
shed. This is followed by a shrill cry as she falls to 
the floor unconscious. Her whole body immediately 
becomes involved in generalized tonic and clonic 
movements. Clearly, this patient has a generalized 
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form of epileptic seizure. Using your knowledge of 
neuroanatomy, suggest which lobe of the brain was 
initially involved In the epileptic discharge. 

3. A 54-year-old man dies In the hospital with a 
cerebral tumor. He had always been intellectually 
very bright and could easily recall events In his 
childhood. For the past 6 months, his family had 
noticed that he had difficulty In recalling where he 
had placed things, such as his pipe. He also had 
difficulty in recalling recent news events, and, just 
before he died, he could not remember that his 
brother had visited him the day before. Using your 
knowledge of neuroanatomy, suggest which part of 
the brain was being affected by the expanding and 
highly invasive tumor. 

Answers and Explanations to Clinical Problem Solving 

1. The KIOver-Bucy syndrome consists of the signs 
and symptoms found in monkeys following bilateral 
removal of the temporal lobe. The monkeys become 
docile and unresponsive and display no signs of fear 
or anger. They have Increased appetite and sexual 
activity, which is often disinhibited. They are able to 
see objects but are unable to recognize the objects. 
Humans in whom the amygdaloid area is destroyed 
do not usually demonstrate this syndrome. It has, 
however, been described In humans following the 
bilateral removal of large areas of the temporal lobes. 

Q Review Questions 

Directions: Each of the numbered items in this section 
is followed by answers. Select the ONE lettered answer 
that is CORRECT. 
1. The following statements concern the reticular for

mation: 
(a) Retlculobulbar and reticulosplnal tracts form 

the afferent pathways from the reticular forma
tion to the motor nuclei of the cranial nerves 
and the anterior horn cells of the spinal cord, 
respectively. 

(b) The reticular formation extends through the 
neuroaxis from the spinal cord to the midbrain. 

(c) The main pathways through the reticular for
mation may easily be traced from one part of 
the CNS to another using silver stains. 

2. The olfactory aura that preceded the general con
vulsions of the epileptic attack would indicate that 
the temporal lobe of the cerebral cortex was ini
tially involved. 

3. An autopsy study revealed extensive Invasion of 
the hippocampus, fomix, and mammillary bodies 
in both cerebral hemispheres. The hippocampus 
is apparently involved in the storage and cate
gorizing of afferent information related to recent 
memory. 

(d) Superiorly, the reticular formation is relayed to 
the cerebral cortex. 

(e) Afferent pathways project into the reticular for
mation from only a few parts of the CNS. 

2. The following statements concern the functions of 
the reticular formation: 
(a) It Influences the activity of the a and 'Y motor 

neurons. 
(b) It opposes the actions of the vestibular spinal 

tract. 
(c) It does not bring about reciprocal inhibition 

during contraction of the prime mover muscles. 
( d) It plays no part in maintaining the tone of the 

antigravity muscles. 
(e) It cannot modulate reflex actMty. 
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3. The following statements concern the functions of 
the reticular formation: 
(a) It does not affect the reception of pain. 
(b) It cannot influence all ascending pathways to 

the suprasplnal levels. 
( c) By means of Its reticulobulbar and retlculosplnal 

tracts, it can control parasympathetic and sym
pathetic outflows. 

(d) It has no effect on biologic rhythms. 
(e) It does not influence the degree of wakefulness 

of an individual. 
4. Anatomically, the following structures collectively 

form the limbic system: 
(a) Amygdalold nucleus, red nucleus, and vestibu-

lar nuclei 
(b) Pulvinar of the thalamus and the substantia nigra 
(c) Hippocampal formation 
(d) Cingulate gyrus and uncus 
(e) Subcallosal, clngulate, and parahlppocampal 

gyri, hippocampal formation, amygdaloid nuc
leus, mammillary bodies, and anterior thalamic 
nuclei 

5. The following statements concern the efferent con
nections of the hippocampus: 
(a) They arise from the small granular cells of the 

cortex. 
(b) They travel through the fomlx. 

Figure 9-8 Medial aspect of the right cerebral 
hemisphere showing structures that form the 
limbic system. 

(c) None of the fibers enter the mammillary body. 
(d) The fibers within the fomlx pass posterior to 

the interventricular foramen. 
(e) Some of the fibers end in thalamic posterior 

nuclei. 
6. The following statements concern the functions of 

the limbic system: 
(a) It iS not concerned with fear and anger. 
(b) It Is concerned with visual experiences. 
(c) The hippocampus Is concerned with recent 

memory. 
(d) The limbic system plays an important role in 

olfactory function. 
(e) It directly Influences the activity of the endo

crine system. 

Matching Questions. Directions: The following ques
tions apply to Figure 9-8. Match the numbers listed on 
the left with the appropriate lettered structure listed on 
the right. Each lettered option may be selected once, 
more than once, or not at all. 

7. Number 1 
8. Number2 
9. Number3 

10. Number4 

(a) Uncus 
(b) Body of fomix 
(c) Parahippocampal gyros 
( d) Dentate gyros 
(e) None of the above 

fj Answers and Explanations to Review Questions 

1. Dis correct. The reticular formation is relayed supe
riorly to the cerebral cortex. A. The retrobulbar and 
retlculosplnal tracts form the efferent pathways 
from the reticular formation to the motor nuclei of 
the cranial nerves and the anterior horn cells of the 
spinal cord, respectively. B. The reticular formation 

extends through the neuroaxis from the spinal cord 
to the thalamus. C. The main pathways through the 
reticular formation are poorly defined and difficult 
to trace from one part of the CNS to another using 
silver stains. E. Afferent pathways project into the 
reticular formation from most parts of the CNS. 



2. A is correct. The reticular formation influences the 
activity of the a. and "(motor neurons. B. The retic
ular formation does not oppose the actions of the 
vestibular spinal tract. C. The reticular formation 
brings about reciprocal inhibition during contrac
tion of the prime mover muscles. D. The reticular 
formation helps maintain the tone of the antigravlty 
muscles. E. The reticular formation can modulate 
reflex activity. 

3. C is correct. The reticular formation by means of its 
reticulobulbar and reticulospinal tracts can control 
the parasympathetic and sympathetic outflows. 
A. The reticular formation does affect the reception 
of pain. B. The reticular formation can influence 
all ascending pathways to the supraspinal levels. 
D. The reticular formation can affect the biologic 
rhythms. E. The reticular formation can influence 
the degree of wakefulness of an individual. 

4. E is correct. The limbic system is made up of the 
subcallosal, the cingulate, and the parahippocam
pal gyri, the hippocampal formation, the amyg
daloid nucleus, the mammillary bodies, and the 
anterior thalamic nuclei (see Fig. 9-3). 
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5. B is correct. The efferent connections of the hippo
campus travel through the fornix. A. The efferent 
connections of the hippocampus arise from large 
pyramidal cells of the cortex. C. Some of the effer
ent fibers from the hippocampus enter the mammll
lary bodies. D. The efferent fibers in the fornix pass 
anterior to the interventricular foramen. E. Some of 
the efferent fibers from the hippocampus end in the 
anterior nuclei of the thalamus. 

6. C is correct. The hippocampus is concerned with 
recent memory. A. The limbic system is concerned 
with the reactions of fear and anger. B. The limbic 
system is not concerned with visual experiences. 
D. The limbic system plays no part in olfactory 
function. E. The limbic system indirectly influences 
the activity of the endocrine system. 

The answers for Figure 9-8 are as follows: 

7. Bis correct. Number 1 is the body of the fornix. 
8. D Is correct. Number 2 is the dentate gyrus. 
9. C is correct. Number 3 is the parahippocampal gyrus. 

10. A is correct. Number 4 is the uncus. 
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Basal Nuclei (Basal Ganglia).,-'\ 

CHAPTER OBJECTIVE 

• To describe the basal nuclei and their 
connections 

A 58-year-old man goes to a neurologist because he has 
noticed the development of a slight tremor of his left hand. 
The tremors involve all of the fingers and the thumb and 
are present at rest but cease during voluntary movement. 

On examination, the patient tends to perform all his 
movements slowly, and his face has very little expression 
and is almost masldike. On passively moving the patient's 
arms, the neurologist finds that the musdes show increased 
tone, with a slight jerky resistance to the movements. When 

The basal nuclei play an important role in the control 
of posture and voluntary movement. Unlike many other 
parts of the nervous system concerned with motor 
control, the basal nuclei have no direct input or output 
connections with the spinal cord. 

TERMINOLOGY 
The term hual nuclei is applied to a collection of 
masses of gray matter situated within each cerebral 
hemisphere. They are the corpus striatum, the amygda
loid nucleus, and the claustrum. 

Clinicians and nemoscientists use a variety of different 
terminologies to describe the basal nuclei. A summary of 
the terminologies commonly used Is shown In Table 10-1. 
The subthalamic nuclei, the substantla nlgra, and the 
red nucleus are functionally closely related to the basal 
nuclet, but they should not be included with them. 

The interconnections of the basal nuclei are complex, 
but In this account, only the more important pathways 
are considered. The basal nuclei play an important role 
in the control of posture and voluntary movement. 

CORPUS STRIATUM 
The corpus striatum {Fig. 10-1; see also Atlas Plate 5) is 
situated lateral to the thalamus and is almost completely 

310 

• To relate basal nuclei functions to diseases 
commonly affecting this area of the nervous system 

asked to stand up straight, the patient does so but with a 
stooped posture, and, when he walks, he does so by shuf
fling across the examining room. 

The neurologist makes the diagnosis of Parkinson dis
ease, based on her knowledge of the structure and function 
of the basal ganglia and their connections to the substantia 
nigra of the midbrain. She is able to prescribe appropriate 
drug therapy, which results in a great improvement in the 
hand tremors. 

divided by a band of nerve fibers, the Internal c:apsale, 
Into the caudate nucleus and the lenttform nucleus. 
The term striatum ls used here because of the striated 
appearance produced by the strands of gray matter 
passing through the internal capsule and connecting 
the caudate nucleus to the putamen of the lentiform 
nucleus (see below). 

Table 10·1 Terminology Commonly Used tc 
Describe the Basal Nuclei 

Caudate nucleus 

Lentiform nucleus 

Claustrum 

Corpus striatum 

Neostriatum (striatum) 

Amygdaloid body 

Caudate nucleus -Globus pallidus plus putamen 

Claustrum 

Caudate nucleus plus lentiform 
nudeus 

Caudate nucleus plus putamen 

Amygdaloid nudeus 

"The term basal hu been wed in the pa.rt to denote 1he poaition of the 
n1,1c:lei ~the bfse of 1he fo~brain. 



/.!< 
Ooc:lpltal / 

pole 

Tail of caudate nucleus I 
I 
I 

.' 
Hippe campus 

Amygdaloid Nucleus 311 

Head of caudate 
,..nucteus 

Frontal 
pole 

\. 
"' Lentiform nuc:feus 

Amygdalold nucleus 
Temporal lobe 

Inferior hom of lateral ventrlcle 

Figure 10-1 Lateral view of the right cerebral hemisphere dissected to show the position of the 
different basal nuclei. 

Caudate Nudeus 
The caudate nucleus Is a large C-shaped mass of gray 
matter that Is closely related to the lateral ventricle 
and lies lateral to the thalamus. The lateral surface of 
the nucleus Is related to the Internal capsule, which 
separates it from the lentiform nucleus (Fig. I 0-2). For 
purposes of description, It can be divided into a head, 
a body, and a tall. 

The head. of the caudate nucleus is large and rounded 
and forms the lateral wall of the anterior horn of the 
lateral ventricle (see also Atlas Plate 5). The head is 
continuous inferiorly with the putamen of the lentiform 
nucleus (the caudate nucleus and the putamen are 
sometimes referred to as the neottrlatum. or 8trlal:um.). 
Just superior to this point of union, strands of gray 
matter pass through the Internal capsule, giving the 
region a striated appearance, hence the term corpus 
mtatum. 

The body of the caudate nucleus is long and nar
row and Is continuous with the head in the region of 
the lnterventricular foramen. The body of the caudate 
nucleus forms part of the floor of the body of the lateral 
ventricle. 

The tall of the caudate nucleus is long and slender 
and is continuous with the body in the region of the 
posterior end of the thalamus. It follows the contour of 
the lateral ventricle and continues forward In the roof 
of the Inferior horn of the lateral ventricle. It terminates 
anteriorly In the am.ygclalold nucleus (see Fig. 10-1). 

Lentiform Nudeus 
The lentlform nucleus Is a wedge.shaped mass of gray 
matter whose broad convex. base Is directed laterally and 
whose blade Is directed medially (see Fig. 10-2; see also 
Atlas Plate 5). It is burled deep 1n the white matter of the 
cerebral hemisphere and Is related medially to the Inter
nal capsule, which separates It from the caudate nucleus 
and the thalamus. The lentifonn nucleus Is related later
ally to a thin sheet of white matter, the e:den1al capeule, 
which separates it from a thin sheet of gray matter, 
called the daultrwn. The claustrum, in tum, separates 
the external capsule from the subcortical white matter 
of the insula. A vertical plate of white matter divides the 
nucleus into a larger, darker lateral portion, the putamen, 
and an Imler lighter portion, the globua pallldm. The 
paleness of the globus pallldus Is due to the presence of 
a high concentration of myellnated nerve fibers. Inferiorly 
at Its anterior end, the putamen ls continuous with the 
head of the caudate nucleus (see f1g. 10-1). 

AMYGDALOID NUCLEUS 
The amygdaloid nucleus is situated in the temporal 
lobe close to the uncus (see Fig. 10-1). The amygdaloid 
nucleus is considered to be part of the limbic system 
and Is described In Chapter 9. Through Its connections, 
It can Influence the body's response to enviromnental 
changes. ht the sense of fear, for example, lt can change 
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Figure 1~ Horizontal section of the cerebrum, as seen from above, showing the relationships 
of the different basal nuclei. 

the heart rate, blood pressure, skin color, and rate of 
respiration. 

SUBSTANTIA NIGRA AND 
SUB1lW.AMIC NUCLEI 
The substantia nigra of the midbrain and the sub
thalarnlc nuclei of the dlencephalon are functionally 
closely related to the activities of the basal nuclei and 
are described elsewhere (see pp. 211 and 253). The 
neurons of the substantla nigra are dopaminergic and 
inhibitory and have many connections to the corpus 
striatum. The neurons of the subthalamic nuclei are glu
tamlnergic and excitatory and have many connections 
to the globus pallidus and substantia nigra. 

CLAUSTRUM 
The claustrwn ts a thin sheet of gray matter that ts sep
arated from the lateral surface of the lentlform nucleus 
by the external capsule (see Fig. 10-2). Lateral to the 
claustrum Is the subcortlcal white matter of the lnsula. 
The function of the claustrum is unknown. 

CONNECTIONS OF THE CORPUS 
SlRIATUM AND GLOBUS PALLIDUS 
The caudate nucleus and the putamen form the main 
sites for rece1vlng input to the basal nuclei. The globus 
pallldus forms the major slte from which the output 
leaves the basal nuclei. 

They receive no direct input from or output to the 
spinal cord. 

Corpus S1riatum Afferent Fibers 
Projections to the corpus striatum include corticostri
ate, thalamostriate, nigrostriatal, and brainstem striatal 
fibers. 

Cortlcostrfate Fibers 

All parts of the cerebral cortex send axons to the 
caudate nucleus and the putamen (Fig. 10-3). Each 
part of the cerebral cortex projects to a specific part 
of the caudate-putamen complex.. Most of the projec
tions are from the cortex of the same slde. The largest 
input is from the sensory motor cortex.. Glutamate 
ls the neurotransmitter of the corticostrlate fibers 
(Fig. 104). 
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Figure 10-3 Some of the main con
nections between the cerebral cortex, 
the basal nuclei, the thalamic nuclei, the 
brainstem, and the spinal cord. 

1¥" Subthalamlc nigra GIUlamate nuclei 

Serotonin 

Spinal cord 
Figure 10-4 Basal nuclei pathways 
showing the known neurotransmitters. 
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'lbalamostrlate Fibers 
The intralaminar nuclei of the thalamus send large nwn
bers of axons to the caudate nucleus and the putamen 
(see Ftg. 10-3). 

Nlgrostrlat.al Fibers 

Neurons in the substantia nigra send axons to the cai:r 
date nucleus and the putamen (see Figs. 10-3 and 10-4) 
and liberate dopamine at their terminals as the nei:r 
rotransmttter. These fibers are believed to be Inhibitory 
tn fwictton. 

Bralnstem Strlatal Fibers 
Ascending fibers from the brainstem end in the caudate 
nucleus and putamen and liberate serotonin at their ter
minals as the neurotransmitter. These fibers are thought 
to be inhibitory in fwiction. 

Corpus Striat:um Efferent Fibers 
Projections from the corpus strlatum include strlatopa
llidal and striatonigral fibers. 

Striatopallidal Fibers 

Striatopallldal fibers pass from the caudate nucleus and 
putamen to the globus pallidus (see Fig. 1().3). They 
have "faJllinobutyric acid (GABA) as their neurotrans
mitter (see Fig. 10-4). 
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Strlatonlgral Fibers 

Striatonigral fibers pass from the caudate nucleus and 
putamen to the substantia nigra (see Fig. 10-3). Some of 
the fibers use GABA or acetylcholine as the neurotrans
mitter, while others use substance P (see Fig. 10-4). 

Globus Pallidus Afferent Fibers 
Striatopallidal fibers pass from the caudate nucleus and 
putamen to the globus pallidus. As noted previously, these 
fibers have GABA as their neurotransmitter (Fig. 10-4). 

Globus Pallidus Efferent Fibers 
Pallidofugal fibers are complicated and can be divided 
into groups: (1) the aDBa lenticulule. which pass to the 
thalamlc nuclei; (2) the fudcalue lenllcalaria, which 
pass to the subthalamus; (3) the paWdotegmenlal fibers, 
which terminate in the caudal tegmentum of the mid
brain; and (4) the paDld09Ubthalamk tlben, which pass 
to the subthalamic nuclei. 

BASAL NUCLEI FUNCTIONS 
The basal nuclei (Fig. 10-5) are joined together and 
connected with many different regions of the nervous 
system by a very complex number of neurons. 

Basically, the corpus striatum receives afferent infor
mation from most of the cerebral cortex, the thalamus, 

Figure 10·5 Diagram showing the main functional 
connections of the basal nuclei and how they can 
influence muscle activity. 



the subthalamus, and the brainstem, including the 
substantia nlgra. The Information Is integrated within 
the corpus strlatum, and the outflow passes back to the 
areas listed above. This circular pathway is believed to 
function as follows. 

The activity of the basal nuclei ls initiated by informa
tion r~eived from the premotor and supplemental areas 
of the motor cortex. the primary sensory cortex, the 
thalamus, and the brainstem. The outflow from the basal 
nuclei is channeled through the globus pallidus, which 
then influences the activities of the motor areas of the 
cerebral cortex or other motor centers in the brainstem. 
Thus, the basal nuclei control muscular movements 
by Influencing the cerebral cortex and have no direct 
control through descending pathways to the bralnstem 
and spinal cord. In this way, the basal nuclei assist in 
the regulation of voluntary movement and the learning 
of motor skills. 

Writing the letters of the alphabet, drawing a dia
gram, passing a football, using the vocal cords in talking 
and singing, and using the eye muscles when looking 

e 1,., 111111...d I I 'IV Lt::!:> 

Disorders of the basal nuclei are of two general types. 
Hyperldnedc dlaorden involve excessive and abnormal 
movements, such as seen with chorea, athetosls, and bal
Usm. Hypoldnedc dl8orden Involve a lack or slowness of 
movement. Parkinson disease Includes both types of motor 
disturbances. 

Chorva 
In chorea, the patient exhibits Involuntary, quick, jerky, 
Irregular movements that are nonrepetltive. Swift grimaces 
and sudden movements of the head or limbs are good exam
ples. 

Huntington Disease 
Huntington disease ls an autosomal dominant inherited 
disease, with the onset occurring most often In adult life. 
Death occurs 15 to 20 years after onset. The disease has 
been traced to a single gene defect on chromosome 4. This 
gene encodes a protein, huntlngtlll, the function of which 
is not known. The codon (CAG) that encodes glutamine is 
repeated many more times than normal. The disease affects 
men and women with equal frequency and unfortunately 
often reveals itself only after they have had children. 

Patients have the following characteristic sl1JD$ and 
symptoms: 

1. Chorelform movement. first appear as Involuntary 
movements of the extremities and twitching of the 
face (facial grimacing). Later, more muscle groups are 
Involved, so the pattent becomes Immobile and unable 
to speak or swallow. 

2. Prog;reedve dementia occurs with loss of memory and 
intellectual capacity. 

In this disease, the GABA-secreting, substance P-secrettng, 
and acetylcholine-secreUng neurons of the strfatonfgral
lnhlbltlng pathway degenerate. This results In the dopa-
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at an object are a few examples where the basal nuclei 
Influence the skilled cortical motor actlvitles. 

Destruction of the primary motor cerebral cortex 
prevents the individual from performing fine discrete 
movements of the hands and feet on the opposite side 
of the body (seep. 290). However, the Individual is still 
capable of performing gross crude movements of the 
opposite limbs. If destruction of the corpus strlatum 
then takes place, paralysis of the remaining movements 
of the opposite side of the body occurs. 

The basal nuclei not only influence the execution of 
a particular movement of, say, the limbs but also help 
prepare for the movements. This may be achieved by 
controlling the axial and girdle movements of the body 
and the positioning of the proximal parts of the limbs. The 
actMty in certain neurons of the globus pallidus Increases 
before active movements take place In the distal limb 
muscles. This important preparatory function enables 
the trunk and limbs to be placed in appropriate positions 
before the primary motor part of the cerebral cortex. acti
vates discrete movements in the hands and feel 

secreting neurons of the substantia nigra becoming over
active; thus, the nlgrostrlatal pathway Inhibits the caudate 
nucleus and the putamen (Fig. 10-6). This Inhibition produces 
the abnormaJ movements seen in this daease. Computed 
tomography scans show enJaiged lateral ventricles due to 
degeneration of the caudate nuclei. Medical treatment of 
Huntington chorea has been disappointing. 

Sydenham Chorea 
Sydenham chorea (St. Vitus dance) Is a disease of child
hood In which rapid, irregular, Involuntary movements of 
the limbs, face, and trunk occur. The condition is associated 
with rheumatic fever. The antigens of the streptococcal bac· 
teria are similar in structure to the proteins present in the 
membranes of strlatal neurons. The host's antibodies not 
only combine with the bacterial antigens but also attack the 
membranes of the neurons of the basal ganglia. Thls results 
In the production of choreiform movements, which are for· 
tunately transient, and full recovery is made. 

Hemiballismus 
Hemlballlsmus Is a form of involuntary movement confined 
to one side of the body. It usually involves the proximal 
extremity musculature, and the limb suddenly Oles about 
out of control In all directions. The lesion, which ls usually 
a small stroke, occurs in the opposite subthalamic nucleus 
or lts connections; smooth movements of different parts of 
the body are integrated In the subthalamlc nucleus. 

Parkinson Disease 
Parkinson disease is a progressive disease of unknown 
cause that commences between the ages of 4S and SS years. 
It Is associated with neuronal degeneration in the au...._. 
tla nlgra and, to a lesser extent, In the globu pellldu, 
putamen, and caudate nadeua. The disease affects about 
1 million people in the United States. 
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Rgure 104 Diagram showing 
the degeneration of the inhibitory 
pathway between the corpus stria
tum and the substantia nigra seen in 
Huntington disease and the conse
quent reduction in the liberation of 
GABA,. substance P, and acetylcho
line in the substamia nigra. 

Figure 10-7 Axial (horizontal) positron emission tomography (PET) scans of a normal brain 
(A) and the brain of a patient with eariy Parkinson disease (8) following the injection of 
18·F-fluorodopa. The normal brain image shows large amounts of the compound (yellow 
areas) distributed throughout the corpus striatum in both cerebral hemispheres. In the patient 
with Parkinson disease, the brain image shows that the total amount of the compound is low, 
and it is unevenly distributed in the corpus striatum. (Courtesy Dr. Holley Dey.) 
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Figure 10.S Diagram showing the degeneration of the inhibitory pathway 
between the substantia nigra and the corpus striatum in Parkinson disease and 
the consequent reduction in the release of the neurotransmitter dopamine in 
the striatum. 

The degeneration of the neurons of the substantla nlgra 
that send their axons to the corpus striatum results In a 
reduction In the release of the neurotransmitter dopamine 
within the corpus striatum (Figs. 10.7 and 10.S). This leads 
to hypersensitivity of the dopamine re.ceptors in the post
synaptlc neurons In the strfatum. 

Patients have the following characteristic signs and 
symptoms: 

1. Tremor. This is the result of the alternating contraction 
of agonlsts and antagonists. The tremor ls slow and 
occurs most obviously when the limbs are at rest. h dis
appears during sleep. It should be distinguished from the 
Intention tremor seen in cerebellar disease, which only 
occurs when purposeful active movement is attempted. 

2. Rigidity. This differs from the rigidity caused by lesions 
of the upper motor neurons In that it ls present to an 
equal extent In opposing muscle groups. If the tremor Is 
absent, the rigidity is felt as resistance to passive move
ment and is sometimes referred to as plullc rigidity. H 
the tremor is present. the muscle resistance is overcome 
as a series of jerks, called cogwheel rigidity. 

3. BradyklD.eala. Initiating (aklD.eala) and performing 
new movements ts difficult. The movements are slow, 
the face is expressionless, and the voice is slurred and 
unmodulated. Swinging of the arms In walking ls lost. 

4. P08blral dl8torbancea. The patient stands with a stoop, 
and his or her arms are flexed. The patient walks by 

taking short steps and often ts unable to stop. ln fact, he 
or she may break Into a shuffling run to maintain balance. 

5. Neither loss of muscle power nor loss of sensibility occurs. 
Since the cortlcospinal tlacts are normal, the superfldal 
abdominal reflexes are normaJ, and no Babinski response 
Is seen. The deep tendon reflexes are normal. 

In a few types of Parkinson disease, the cause is known. 
Poetencepballllc parkinsonism developed following the 
viral encephalitis outbreak of 1916 to 1917, In which dam
age occurred to the basal nuclei. latroeenlc parklnsontsm 
can be a side effect of antlpsychotlc drugs (e.g., phenothl
azlnes). Meperldine analogues (used by drug addicts) and 
poisoning from carbon monoxide and manganese can also 
produce the symptoms of parkinsonism. Atheroaderotlc 
parkinsonlsm can occur In elderly hypertensive patients. 

Parkinson disease may be treated by elevating the brain 
dopamine level. Unfortunately, dopamine cannot cross the 
blood-brain barrier, but Its Immediate precursor lrdopa 
can and Is used In Its place. IA>opa Is taken up by the 
dopamlnerglc neurons In the basal nuclei and converted to 
dopamine. Selegiline, a drug that inhibits monoamine oxi
dase, which ts responsible for destroying dopamine, ts also 
of benefit In the treatment of the disease. Evidence shows 
that selegWne can slow the process of degeneration of the 
dopa-secret.Ing neurons in the substanUa nlgra. 

Transplantation of human embryonic dopamine-producing 
neurons Into the caudate nucleus and putamen has been 
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Figure 10-9 Change in 18-F-fluorodopa uptake in the brains of patients with Parkin
son disease after transplantation, as shown in fluorodopa Pa' scans. In the panel on 
the far left, an axial (horizontal) section through the caudate nucleus and putamen of 
a normal subject shows intense uptake of 18-F-fluorodopa (red). On the right side, the 
upper panels show preoperative and 12-month postoperative scans in a patient in the 
transplantation group. Before surgery, the uptake of 18-F-fluorodopa was restricted to 
the region of the caudate nucleus. After 1ransplantation, there was increased uptake 
of 18-F-fluorodopa in the putamen bilaterally. The lower panels show 18-F-fluorodopa 
scans in a patient in the sham-surgery group. There was no postoperative change in 
18-F-fluorodopa uptake. (Courtesy of Freed, C.R., Greene, P. E., Breeze, R. E., et al. 
(2001). Transplantation of embryonic dopamine neurons for severe Parkinson's disease. 
New England Journal of Medicine, 344(10), 710-719.) 

shown to lead to Improvement In motor functlon In Parkin
son disease (FJg. 10-9). Evidence shows that the grafts can 
survive. and synaptic contacts are made. Unfortunately, many 
of the grafted neurons do not survive, and in many cases, 
the clinical improvement is cowrteracted by the continuing 
degeneration of the pattent's own dopa-producing neurons. 
Autotransplantatton of suprarenal medullary cells can be a 
source of dopa-producing cells, but in the future, genetically 
engineered cells could be another source of dopa. 

Since most of the symptoms of Parkinson disease are 
caused by an Increased Inhibitory output from the basal 
nuclei to the thalamus and the precentral motor cortex, sur
gical lesions ln the globus pallldus (pallldotomy) have been 
shown to be effe<:Uve In alleviating parJcinsonlan signs. At 
the present time, such procedures are restricted to patients 
who are no longer responding to medical treatment. 

Drug-Induced Parkfnsonrsm 
Although Parkinson disease (primary parkinsonlsm) ls the 
most common type of parkinsonism found in clinical prac
tice, drug-Induced parldnsonlsm ls becoming very preva
lent. Drugs that block striatal dopamine receptors (D2) are 
often given for psychotic behavior (e.g., phenothlazlnes 
and butyrophenones). Other drugs may deplete striatal 
dopamine (e.g., tetrabenazines). Drug.induced parkinso~ 
ism disappears once the agent is withdrawn. 

Athetosis 
Athetosls consists of slow, sinuous, writhing movements 
that most commonly Involve the distal segments of the 
llmbs. Degeneration of the globus pallldus occurs with a 
breakdown of the circuitry involving the basal nuclei and 
the cerebral cortex. 



• The corpus strlatwn comprises gray matter that sits 
lateral to the thalamus and is dMded by the Internal 
capsule Into the caudate nucleus and lentlfonn nucleus. 

• The caudate nucleus is a large C-shaped structure, 
forming the lateral wall and floor of the lateral 
ventricle, and is divided into a head, body, and tail. 
It terminates anteriorly in the amygdaloid nucleus. 

• The lentlform nucleus consists of two nuclei, the 
putamen and globus pallldus. The paleness of the 
globus pallidus ls due to the high concentration of 
myelinated nerve fibers. 

• The corpus strlatum, along with amygdaloid 
nucleus, substantla nigra, subthalamic nuclei, and 

8 Clinical Problem Solving 

1. A 10-year-old girl ls seen by a neurologist because 
of the gradual development of Involuntary move
ments. To begin with, the movements are regarded 
by her parents as general restlessness, but later, 
abnormal facial grimacing and jerking movements 
of the arms and legs occur. The child is now hav
ing difficulty in performing normal movements of 
the arms, and walking is becoming increasingly 
difficult. The abnormal movements appear to be 
worse in the upper limbs and are more exaggerated 
on the right side of the body. The movements are 
made worse when the child becomes excited but 
disappear completely when she sleeps. The child 
ls recently treated for rheumatic fever. Is there any 
possible connection between this child's symp
toms and the basal nuclei in the cerebral hemi
spheres? 

2. A 40-year-old man complaining of rapid and jerky 
involuntary movements involving the upper and 
lower limbs is seen by his physician. The condition 
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claustrum, forms numerous complex afferent and 
efferent pathways. 

• This circular process is initiated by motor 
information from the cortex, thalamus, and 
brainstem, processed by structures of the basal 
ganglia, and then channeled through the globus 
pallidus to influence muscular movements by 
returning and Influencing the cerebral cortex. 

• The basal nuclei not only Influence the execution 
of a particular movement but also help prepare 
for movements (i.e., placing the trunk in the 
appropriate position in preparation for the 
movement by the lower limbs). 

started about 6 months ago and ls getting progres
sively worse. He says that he is extremely worried 
about his health because his father had developed 
similar symptoms 20 years ago and had died in a 
mental institution. His wife tells the physician that 
her husband also suffers from episodes of extreme 
depression and that she has noticed that he has 
periods of irritability and impulsive behavior. 
The physician makes the diagnosis of Hunting
ton chorea. Using your lmowledge of neuroanat
omy, explain how this disease Involves the basal 
nuclei. 

3. A 61-year-old man suddenly develops uncoordi
nated movements of the trunk and right arm. The 
right upper limb wUI suddenly, vigorously, and aim
lessly be thrown about, knocking over anything in 
its path. The patient is recovering from a right-sided 
hemiplegia, secondary to a cerebral hemorrhage. 
What is the name given to this clinical sign? Does 
this condition involve the basal nuclei? 

fj Answers and Explanations to Clinical Problem Solving 

1. This child ls suffering from Sydenham chorea (see 
p. 315). This condition occurs, In the majority of 
cases, in female children between the ages of 5 
and 15 years. It is characterized by the presence 
of rapid, irregular, involuntary movements that 

are purposeless. The disease ls associated with 
rheumatic fever, and complete recovery Is the 
rule. 

2. Huntington chorea is a progressive inherited disease 
that usually appears between the ages of 30 and 
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45 years. The Involuntary movements are usually 
more rapid and Jerky than those seen In patients 
with Sydenham chorea. Progressive mental changes 
lead to dementia and death. The GABA-secreting, 
substance P-secretlng, and acetylcholine-secreting 
neurons of the striatonlgral pathway progressively 
degenerate. This results in the dopamine-secreting 
neurons of the substantia nigra becoming overac
tive; thus, the nigrostriatal pathway inhibits the 
caudate nucleus and the putamen. This causes the 

8 Review Questions 

Directions: Each of the nwnbered items in this section 
ls followed by answers. Select the ONE lettered answer 
that ls CORRECT. 

1. The following statements concern the basal nuclei 
(ganglla): 
(a) The caudate nucleus and the red nucleus form the 

neostriatum (striatum). 
(b) The head of the caudate nucleus is connected 

to the putamen. 
(c) The tegmentum of the midbrain forms part 

of the basal nuclei. 
(d) The internal capsule lies lateral to the globus 

pallldus. 
(e) The basal nuclei are formed of white matter. 

2. The following statements concern the basal nuclei 
(ganglia): 
(a) The amygdaloid nucleus is connected to the 

caudate nucleus. 
(b) The lentiform nucleus Is completely divided by 

the external capsule Into the globus pallldus 
and the putamen. 

(c) The claustrum does not form part of the basal 
nuclei. 

( d) The corpus striatum lies medial to the thalamus. 
(e) The function of the claustrum is well known. 

3. The following statements concern the basal nuclei 
(ganglia): 
(a) The corpus strlatum is made up of the caudate 

nucleus and the amygdaloid nucleus. 
(b) The head of the caudate nucleus lies lateral to the 

internal capsule. 
(c) The insula forms part of the basal nuclei. 
( d) The tail of the caudate nucleus lies in the roof 

of the lateral ventricle. 
(e) The subthalamic nuclei are functionally closely 

related to the basal nuclei and are considered 
to be part of them. 

4. The following statements concern the caudate nucleus: 
(a) It is divided into a head, neck, trunk. and tail. 
(b) It Is an M-shaped mass of gray matter. 

Involuntary movements. Atrophy of the caudate 
nucleus and putamen occurs. 

3. The clinical sign ls known as hemlballismus. The 
sudden onset Is usually caused by vascular impair
ment due to hemorrhage or occlusion. Yes, hemibal
Usmus does involve the basal nuclei; it is the result 
of destruction of the contralateral subthalamic 
nucleus or its neuronal connections, causing the 
violent, uncoordinated movements of the axial and 
proximal limb muscles. 

(c) The body of the caudate nucleus forms part of 
the roof of the body of the lateral ventricle. 

( d) The head lies medial to the anterior horn of the 
lateral ventricle. 

( e) The tall terminates anteriorly in the amygdaloid 
nucleus. 

5. The following statements concern the afferent cor
ticostriate fibers to the corpus striatum: 
(a) Each part of the cerebral cortex is randomly pro

jected to different parts of the corpus striatum. 
(b) Glutamate is not the neurotransmitter. 
(c) All parts of the cerebral cortex send fibers to 

the caudate nucleus and putamen. 
( d) The smallest input is from the sensory motor 

part of the cerebral cortex. 
(e) Most of the projections are from the cortex of 

the opposite side. 
6. The following statements concern the nlgrostriatal 

fibers: 
(a) The neurons In the substantia nlgra send axons 

to the putamen. 
(b) Acetylchollne ls the neurotransmitter. 
( c) The nigrostrlatal fibers are stimulatory in function. 
( d) The caudate nucleus does not receive axons from 

the substantia nigra. 
(e) Parkinson disease is caused by an increase in 

the release of dopamine within the corpus stri
atwn. 

7. The following statements concern the efferent 
fibers of the corpus strtatwn: 
(a) Many of the efferent fibers descend directly to 

the motor nuclei of the cranial nerves. 
(b) Some of the strlatopallidal fibers have GABA as 

the neurotransmitter. 
(c) The striatonigral fibers pass from the red 

nucleus to the substantla nigra. 
( d) Many of the efferent fibers pass directly to the 

cerebellum. 
(e) The anterior horn cells of the spinal cord are 

influenced directly by the efferent fibers from 
the corpus striatum. 



8. The following statements concern the functions of 
the basal nuclei (ganglia): 
(a) The corpus striatum integrates information 

received directly from the cerebellar cortex. 
(b) The outflow of the basal nuclei is channeled 

through the globus pallidus to the sensory areas 
of the cerebral cortex, thus influencing muscu
lar activities. 

(c) The globus pallidus only influences the move
ments of the axial part of the body. 

( d) The activities of the globus pallidus precede the 
activities of the motor cortex concerned with 
discrete movements of the hands and feet. 

(e) The activities of the basal nuclei are suppressed 
by information received from the sensory cor
tex, the thalamus, and the brainstem. 

Matching Questions. Directions: The following questions 
apply to Figure 10-10. Match the numbers listed below 
on the left with the appropriate lettered structure listed 
on the right. Each lettered option may be selected once, 
more than once, or not at all. 

9. Number 1 
10. Number2 
11. Number 3 

(a) Anterior horn of lateral ventricle 
(b) Internal capsule 
( c) Claustrum 
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4 

3 

12. Number4 
13. Number 5 

(d) Putamen Figure 10-10 Horizontal section of the cerebrum. 
(e) External capsule 

14. Number6 (f) Globus pallidus 
(g) None of the above 

f) Answers and Explanations to Review Questions 

1. B Is correct. The head of the caudate nucleus is 
connected to the putamen of the lentlform nucleus 
(see Fig. 10-1). A. The caudate nucleus and the 
putamen form the neostriatum. C. The tegmen
tum of the mldbrain does not form part of the 
basal nuclei. D. The Internal capsule lies medial 
to the apex of the globus pallidus (see Fig. 10-2). 
E. The basal nuclei are formed of gray matter. 

2. A is correct. The amygdaloid nucleus Is connected 
to the caudate nucleus (see Fig. 10-1). B. The 
lentiform nucleus is not divided by the external 
capsule into the globus pallidus and the putamen 
(see Fig. l(}..2). C. The claustrum forms part of the 
basal nuclei. D. The corpus strlatum lies lateral to 
the thalamus (see Fig. 10-2). E. The function of the 
claustrum is unknown. 

3. D is correct. The tail of the caudate nucleus lies 
In the roof of the lateral ventricle (see Fig. 10-2). 
A. The corpus strlatum Is made up of the caudate 
nucleus and the lentiform nucleus. B. The head of 
the caudate nucleus lies medial to the internal cap
sule (see Fig. 10-2). C. The insula does not form part 
of the basal nuclei. E. The subthalamlc nuclei are 
functionally closely related to the basal nuclei but 
are not considered to be part of them. 

4. E is correct. The tall of the caudate nucleus ter
minates anteriorly in the amygdalold nucleus (see 
Fig. 10-1). A. The caudate nucleus is divided into 
the head, body, and tail (see Fig. IO-I). B. The cau
date nucleus is a C-shaped mass of gray matter (see 
Fig. 10-1). C. The body of the caudate nucleus forms 
part of the floor of the body of the lateral ventricle 
(see Fig. 10-1). D. The head of the caudate nucleus 
lies lateral to the anterior horn of the lateral ventri
cle (see Fig. 10-2). 

5. C is correct. All parts of the cerebral cortex send 
fibers to the caudate nucleus and putamen. A. Each 
part of the cerebral cortex Is projected to specific 
parts of the corpus strlatum. B. Glutamate ls the 
neurotransmitter at the nerve endings of the corti
costriate fibers to the corpus striatum (see Fig. 104). 
D. The largest input to the different parts of the cor
pus strlatum is from the sensory motor part of the 
cerebral cortex. E. Most of the projection fibers are 
from the cerebral cortex of the same side. 

6. A is correct. The neurons in the substantia nigra 
send axons to the putamen (see Fig. 10-3). B. Dopa
mine is the neurotransmitter at the nerve endings of 
the nigrostriatal fibers. C. The nigrostriatal fibers 
are inhibitory in function. D. The caudate nucleus 
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does receive axons from the substantia nigra. 
E. Parkinson disease is caused by a reduction in the 
release of dopamine within the corpus striatum. 

7. B is correct. Some of the striatopallidal fibers 
have GABA as the neurotransmitter. A. None of the 
efferent fibers from the corpus striatum descend 
directly to the motor nuclei of the cranial nerves. 
C. The striatonigral fibers pass from the caudate 
nucleus to the substantia nigra (see Fig. 10-3). 
D. No efferent fibers from the corpus striatum pass 
directly to the cerebellum. E. The anterior horn 
cells of the spinal cord are not influenced directly 
by the efferent fibers from the corpus striatum. 

8. D is correct. The activities of the globus pallidus pre
cede the activities of the motor cerebral cortex con
cerned with discrete movements of the hands and 
feet. A. The corpus striatum does not integrate infor
mation received directly from the cerebellar cortex. 

B. The outflow of the basal nuclei is channeled 
through the globus pallidus to the motor areas of the 
cerebral cortex, thus influencing muscular activities. 
C. The globus pallidus influences movements of the 
entire body. E. The activities of the basal nuclei are 
initiated by information received from the sensory 
cortex, the thalamus, and the brainstem. 

The answers for Figure 10-10, which shows a horizontal 
section of the cerebrum, are as follows: 

9. Fis correct. Structure 1 is the globus pallidus. 
10. B is correct. Structure 2 is the internal capsule. 
11. D is correct. Structure 3 is the putamen. 
12. Eis correct. Structure 4 is the external capsule. 
13. C is correct. Structure 5 is the claustrum. 
14. A is correct. Structure 6 is the anterior horn of the 

lateral ventricle. 



Cranial Nerve Nuclei 

CHAPTER OBJECTIVES 

• To learn the basic Information regarding the motor 
and sensory nuclei of the cranial nerves, Including 
their locations and central connections 

A 49-year-old man wakes up one morning to find the 
right side of his face paralyzed. When examined by his 
local medical practitioner, he is found to have complete 
paralysis of the entire right side of the face. He is also 
found to have severe hypertension. The patient talks 
with slightly slurred speech. The physician tells the pa
tient that he has suffered a mild stroke, and he is admit
ted to the hospital. 

The patient is later seen by a neurologist who dis
agrees with the diagnosis. The original physician grouped 
together the facial paralysis, the slurred speech, and the 
hypertension and, in the absence of other findings, made 
the incorrect diagnosis of cerebral hemorrhage. A lesion 
of the corticonuclear fibers on one side of the brain 

CRANIAL NERVES 
The 12 pairs of cranial nerves (CNs) leave the brain 
and pass through foramlna and fissures in the skull. All 
the nerves are distributed In the head and neck, except 
CN X, which also supplles structW"eS in the thorax and 
abdomen. The CNs are named as follows: 

1. Olfactory 
2. Optic 
3. Oculomotor 
4. Trochlear 
5. Trigeminal 
6. Abducens 
7. Facial 
8. Vestlbulocochlear 
9. Glossopharyngeal 

IO. Vagus 
11. Accessory 
12. Hypoglossal 

See Atlas Plates l, 6, and 8. 

• Understand the functional ramifications of lesions 
to cranial nerve nuclei versus damage of the cranial 
nerve proper 

will cause paralysis only of the muscles of the lower 
part of the opposite side of the face. This patient has 
complete paralysis of the entire right side of the face, 
which could only be caused by a lesion of the lower 
motor neuron. The correct diagnosis was Bell palsy, an 
inflammation of the connective tissue sheath of the facial 
nerve, which temporarily interfered with the functions of 
the axons of the right facial nerve. This case provides a 
good example of how knowledge of the central connec
tions of a cranial nerve enables a physician to make the 
correct diagnosis. 

The cranial nerves are commonly damaged by trauma 
or disease, and testing for their integrity forms part of 
every physical examination. 

CRANIAL NERVE ORGANIZATION 
The olfactory, optic, and vestlbulocochlear nerves are 
entirely sensory. The oculomotor, trochlear, abducens, 
accessory, and hypoglossal nerves are entirely motor. 
The trigemlnal, facial, glossopharyngeal, and vagus 
nerves are both sensory and motor nerves. The letter 
symbols commonly used to Indicate the functional com
ponents of each cranial nerve are shown in Table 11-1. 
The cranial nerves have central motor and/or sensory 
nuclei within the brain and peripheral nerve fibers that 
emerge from the brain and exit from the skull to reach 
their effector or sensory organs. 

The different components of the cranial nerves, their 
functions, and the openings In the skull through which 
the nerves leave the cranial cavity are summarized in 
Table 11-2. 

Cranial Nerve Motor Nudei 
The motor nuclei of the cranial nerves receive impulses 
from the cerebral cortex through the cortlconuclear 

323 
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Tabl• 11·1 The Letter Symbols Commonly Used to Indicate the Functional Components of Each 
Cranial Nerve 

Afferent Fibers Sensory 

General somatic afferent General sensations GSA 

Special somatic afferent Hearing, balance, vision SSA 

General visceral afferent Viscera GVA 

Special visceral afferent Smell, taste SVA 

Efferent Fibeni 

General somatic: efferent Somatio otrioted muocl.. ~ GSE ._ 
General visceral efferent Glands and smooth muscles GVE 

(parasympathetic innervation) 

Special visceral efferent Branchial arch s1riated muscles SVE 

Table 11-2 Cranial Nerves 

Olfactory Sensory {SVA) Smell Openings in c:ribrifonn 
plate of ethmoid 

II Optic Sensory {SSA) Vision Optic canal 

Ill Oculomotor Motor {GSE, GVE) Raises upper eyelid, turns eyeball upward, Superior orbital fissure 
downward, and medially; constricts pupil; 
accommodates eye 

IV Trochlear Motor(GSE) l Assists in turning eyeball downward and Superior orbital fissure 
laterally 

v Trigeminal" 

Ophthalmic Sensory (GSA) Comee, skin of forehead, scalp, eyelids, I Superior orbital fissure 
division and nose; also mucous membrane of 

paranasal sinuses and nasal cavity 

Maxillary division Sensory (GSA) Skin of face over maxilla; teeth of upper Foramen rotundum 
jaw; mucous membrane of nose, the 
maxillary sinus, and palate 

Mandibular Motor{SVE) Muscles of mastication, mylohyoid, anterior Foramen ovale 
division belly of digastric, tensor veli palatini, and 

tensor tympani 

Sensory (GSA) Skin of cheek, skin over mandible and 
side of head, teeth of lower jaw and 
temporomandibular joint; mucous 
membrane of mouth and anterior part of 
tongue 

VI Abducent Motor{GSE) Lateral rvctus muscle turns eyeball laterally Superior orbital fissure 

Vil Facial Motor{SVE) I Muscles of face and scalp, stapedius Internal acoustic 

L 
_l muscle, posterior belly of digastric, and meatus, facial canal, 

stylohyoid muscles stylomastoid foramen 

Sensory (SVA) Taste from anterior two-thirds of tongue, 
from floor of mouth and palate 

Secretomotor (GVE) Submandibular and sublingual salivary 
parasympathetic glands, the lacrimal gland, and glands of 

nose and palate 

(continued) 
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Table 11-2 Cranial Nerves (Continued) 

VIII Vestibuloc::ochlear 

Vestibular Sensory {SSA) I From utricle and saccule and semicircular Internal acoustic 
canal5-position and movement of head meatus 

--+-C_o_chlear [ Sensory (SSA) ~an of Corti-hearing 

IX Glossopharyngeal Motor (SVE) l Stylopharyngeus muscle-assists swallowing Jugular foramen 

Seaemmoto<{GVE) l Pa'°"d •~'""" glond 
parasympathetic 

Se;;"sory {GVA, SVA, General sensation and taste from posterior 
GSA) third of tongue and pharynx; carotid 

I 
sinus (baroreceptor); and carotid body 
(chemoreceptor) 

X I Vagus Motor (GVE, SVE)~art and great1horacic blood vessels; larynx.--;--Ju-gular foremen 
Sensory (GVA, trachea, bronchi, and lungs; alimentary tract 
SVA, GSA) from pharynx to splenic flexu~ of colon; 

liver;. kidneys, and pancreas 

XI I Accessory 

Cranial root I Muscles of soft palate (except tensor 
veli palatinQ, pharynx (except 

Jugular foramen Motor(SVE) 

~ Spinal"'ot 

Gstylopharyngeus), and larynx (except 
c:ricothyroid) in branches of vagus --1----------

Motor(SVE) 

Motor(GSE) 

S te m ocl e id om ast o id and trapezius muscles 

r 
Muscles of tongue (except palatoglossus-)-+-H-ypoglossal canal 

controlling its shape and movement 
XII Hypo gloss al 

'"The letter symbol& are expl1lned In Table 11-1. 
"'The trigeminal nerve also c:arri• propriOCleptive impulses from 1fte muaclu of mastication and 1fte facial and extraocular muse!•. 

(cortlcobulbar) fibers. These fibers originate from the 
pyramidal cells in the Inferior part of the precentral 
gyrus (area 4) and from the adjacent part of the postcen
tral gyrus. The corticonuclear fibers descend through 
the corona radlata and the genu of the lnrernal cap
.We. They pass through the midbraln just medial to the 
corticospinal fibers In the basis peduncull and end by 
synapsing either direci:ly with the lower motor neurons 
within the cranial nerve nuclei or indireci:ly through the 
lnternundal neurons. The corticonuclear fibers thus 
constitute the tint-order neuron of the descending 
pathway, the intemuncial neuron constitutes the 9eCOlld
order neuron, and the lower motor neuron constitutes 
the third-order neuron. 

The majority of the cortlconuclear fibers to the motor 
cranial nerve nuclei cross the median plane before 
reaching the nuclei. Bilateral connections are present 
for all the cranial motor nuclei except for part of the 
facial nucleus that supplies the muscles of the lower 
part of the face and a part of the hypoglossal nucleus 
that supplies the genioglossus muscle. 

Somattc Motor and Branchlomotor Nuclei 

The somatic motor and branchlomotor nerve fibers of a 
cranial nerve are the axons of nerve cells situated within 

the brain. These nerve cell groups form motor nuclei 
and Innervate striated muscle. Each nerve cell with its 
processes ls referred to as a lower motor neuron. Such 
a nerve cell is, therefore, equivalent to the motor cells ln 
the anterior gray columns of the spinal cord. 

General Visceral Motor Nudel 
The general visceral motor nuclei form the cranial 
outflow of the parasympathetic portion of the auto
nomic nervous system. They are the Ecllnger-Weetphal 
nucleus of the oculomotor nerve, the 1Uperlor sallva
tory and lacrlmal nuclei of the facial nerve, the Inferior 
sallvatory nucleus of the glossopharyngeal nerve, and 
the doraal motor nucle111 of the vagus. These nuclei 
receive numerous afferent fibers, including descending 
pathways from the hypothalamus. 

Cranial Nerve Sensory Nudel 

Sensory nuclei of the cranial nerves include somatic 
and visceral afferent nuclei. The sensory or afferent 
parts of a cranial nerve are the axons of nerve cells out
side the brain and are situated in ganglia on the nerve 
trunks (equivalent to posterior root ganglion of a spinal 
nerve) or may be situated ln a sensory organ, such as 
the nose, eye, or ear. These cells and their processes 
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form the tint-order neuron. The central processes of 
these cells enter the brain and terminate by synapsing 
with cells forming the sensory nuclei. These cells and 
their processes form the .econd~rder neuron. Amos 
from these nuclear cells now cross the mtdltne and 
ascend to other sensory nuclei, such as the thalamus, 
where they synapse. The nerve cells of these nuclei 
form the third-order neuron, and their axons terminate 
in the cerebral cortex. 

A 

Olfactory cell 

Olfactory bulb '\ 

OLFACTORY NERVES 
(CRANIAL NERVE I) 
The oHactory nerves arise from the olfactory receptor 
nerve cells In the ollactory mucous membrane located 
in the upper part of the nasal cavity above the level of 
the superior concha (Fig. 11-1). The olfactory recep
tor c:ell8 are scattered among supporting cells. Each 
receptor cell consists of a small bipolar nerve cell with 

' 
~ 

Synaptic glomerulus 

Tufted cell 

Olfactory 
~---- cell 

~--supporting 
.,- I cell 

-...._ 
- .......... Mucus 

Olfactory hairs (cilia) 

Mhralcell 

Temporal lobe 

.il...--_:+.+-~-----Anterior perforated 
substance 

Ante rt or 
commlssure 

c 
Figure 11-1 A: Distribution of olfactory nerves on the lateral wall of the nose. B: Connections 
between the olfactory cells and the neurons of the olfactory bulb. C: Connections between the 
olfactory cell and the rest of the olfactory system. 



a coarse peripheral process that passes to the surface 
of the membrane and a fine central process. From the 
coarse peripheral process, a number of short cilia 
arise, the olfactory hairs, which project into the mucus 
covering the surface of the mucous membrane. These 
projecting hairs react to odors in the air and stimulate 
the olfactory cells. 

The fine central processes form the olfactory nerve 
ftben (see Fig. 11-lA,B). Bundles of these nerve fibers 
pass through the openings of the cribriform plate of the 
ethmoid bone to enter the olfactory bulb. The olfactory 
nerve fibers are unmyelinated and are covered with 
Schwann cells. 

Olfactory Bulb 
This ovoid structure possesses several types of nerve 
cells, the largest of which is the mltral cell (see Fig. 11-1 C). 
The incoming olfactory nerve fibers synapse with the den
drltes of the mltral cells and form rounded areas known 
as synaptic glomeruli. Smaller nerve cells, called tufted 
cells and granular cells, also synapse with the mitral cells. 
The olfactory bulb, in addition, receives axons from the 
contralateral olfactory bulb through the olfactory tract. 

Olfactory Tract 
This narrow band of white matter runs from the pos
terior end of the olfactory bulb beneath the inferior 
surface of the frontal lobe of the brain (see Fig. 11-18). 
It conslsts of the axons of the mltral and tufted cells of 
the bulb and some centrifugal fibers from the opposite 
olfactory bulb. 

As the olfactory tract reaches the anterior perfo.. 
rated aub8tance, it divides into medial and lateral 
olfactory striae. The lateral stria carries the axons to 
the olfactory area of the cerebral cortex, namely, the 
periamygdalold and preplrlform areas (see Fig. 11-lC). 
The medial olfactory stria carries the fibers that cross the 
median plane in the anterior commissure to pass to 
the olfactory bulb of the opposite side. 

The periamygdaloid and prepiriform areas of the cere
bral cortex are often known as the primary olfactory 
cortex. The entorhinal area (area 28) of the para
hlppocampal gyros, which receives numerous connec
tions from the primary olfactory cortex, is called the 
secondary olfactory cortex. These areas of the cortex 
are responsible for the appreciation of olfactory sensa
tions. Note that in contrast to all other sensory pathways, 
the olfactory afferent pathway has only two neurons and 
reaches the cerebral cortex without synapsing in one of 
the thalamic nuclei. 

The primary olfactory cortex sends nerve fibers to 
many other centers within the brain to establish con
nections for emotional and autonomic responses to 
olfactory sensations. 

OPTIC NERVE (CRANIAL NERVE II) 
The fibers of the optlc nerve are the axons of the cells 
in the ganglionic layer of the retina. They converge on 
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the optic diBc and exit from the eye, about 3 or 4 mm 
to the nasal side of its center, as the optic nerve 
(Fig. 11-2). The fibers of the optic nerve are myelinated, 
but the sheaths are formed from oligodendrocytes 
rather than Schwann cells, since the optic nerve ls com
parable to a tract within the central nervous system. 

The optic nerve leaves the orbital cavity through 
the optic canal and unites with the optic nerve of the 
opposite side to form the optic chlasma. 

Optic Chiasma 
The optic chiasma is situated at the junction of the 
anterior wall and floor of the third ventricle. Its antero
lateral angles are continuous with the optic nerves, 
and the posterolateral angles are continuous with the 
optic tracts. In the chlasma, the fibers from the nasal 
(medial) half of each retina, including the nasal half of 
the macula, cross the midline and enter the optic tract 
of the opposite side, while the fibers from the temporal 
Oateral) half of each retina, including the temporal half 
of the macula, pass posteriorly in the optic tract of the 
same side. 

Optic Tract 
The optic tract emerges from the optic chiasma and 
passes posterolaterally around the cerebral peduncle. 
Most of the fibers now terminate by synapsing with 
nerve cells In the lateral genlculate body, which ls a 
small projection from the posterior part of the thala
mus. A few of the fibers pass to the pretectal nucleus 
and the auperlor colliculm of the midbrain and are 
concerned with light reflexes (Fig. 11-3). 

Lateral Geniculate Body 
The lateral geniculate body ls a small, oval swelling pro
jecting from the pulvinar of the thalamus. It consists 
of six layers of cells, on which synapse the axons from 
the optic tract. The axons of the nerve cells within the 
geniculate body leave it to form the optic radiation (see 
Fig. 11-2). 

Optic Radiation 
The fibers of the optic radiation are the axons of the 
nerve cells of the lateral genlculate body. The tract 
passes posteriorly through the retrolenticular part of the 
Internal capsule and terminates in the visual cortex 
(area 17), which occupies the upper and lower lips of 
the calcarine sulcus on the medial surface of the cere
bral hemisphere. The visual association cortex (areas 
18 and 19) is responsible for recognition of objects and 
perception of color. 

Visual Pathway and Binocular Vision Neurons 
Four neurons conduct visual Impulses to the visual cor
tex: (1) rods and cones, which are specialized receptor 
neurons in the retina; (2) bipolar neurons, which connect 
the rods and cones to the ganglion cells; (3) ganglion 
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Temporal 

'"-. \ 
~ 
Visual cortex 

Left visual cortex 

cells, whose axons pass to the lateral gentculate body; 
and (4) neUl'ODS of the lateral genkulate body, whose 
axons pass to the cerebral cortex. 

In binocular vision, the right and left fields of vision 
are projected on portions of both retinae. The Image 
of an object ln the right field of vision is projected on 
the nasal half of the right retina and the temporal half 
of the left retina. In the optic chiasma. the axons from 
these two retinal halves are combined to form the left 
optic tract. The lateral geniculate body neurons now 
project the complete right field of vision on the visual 
cortex of the left hemisphere and the left visual field 
on the visual cortex of the right hemisphere. The lower 
retinal quadrants (upper field of vision) project on 
the lower wall of the calcarlne sulcus, while the upper 

Right visual cortex Flgunt 11-2 Optic pathway. 

retinal quadrants (lower fleld of vision) project on the 
upper wall of the sulcus. Note also that the macula lutea 
ls represented on the posterior part of area 17, and the 
periphery of the retina Is represented anteriorly. 

Vasual Reflexes 
Several unique neuronal pathways exert lnvolwitary 
control over our vision for optimal visual function, pro
tection, and cognitive processing. 

Direct mid Consensual Light Reflexes 
If a light Is shone Into one eye, the pupils of both eyes 
normally constrict. The constriction of the pupll on 
which the light ls shone ls called the cllrect llgbt rellez; 
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Figure 11-3 Optic pathway 
and the visual reflexes. 

the constriction of the opposite pupil, even though 
no light fell on that eye, is called the coD1eD81181 llght 
reflex (see Fig. 11-3). 

The afferent Impulses travel through the optic nerve, 
optic chlasma, and optic tract. Here, a small number 
of fibers leave the optic tract and synapse on nerve 
cells ln the pretectal nucleus, which lies close to the 
superior colliculus. The impulses are passed by axons 
of the pretectal nerve cells to the parasympathetic 
nuclei (F.dlnger-Weetphal nuclei) of the third cranial 
nerve on both lidet. Here, the fibers synapse and the 
parasympathetic nerves travel through the third cranial 
nerve to the dllary ganglion in the orbit. Finally, post
ganglionic parasympathetic fibers pass through the 
lhort dllary nervea to the eyeball and the comlrlctor 
pupWae muacle of the lrls. Both puplls constrict ln the 
consensual llght reflex because the pretectal nucleus 
sends fibers to the parasympathetic nuclei on both 

sides of the midbrain. The fibers that cross the median 
plane do so close to the cerebral aqueduct in the 
posterior commissure. 

Accommodation Reflex 

When the eyes are directed from a distant to a near 
object, contraction of the medial rectl brings about con
vergence of the ocular axes; the lens thickens to Increase 
its refractive power by contraction of the cillary muscle; 
and the pupils constrict to restrict the light waves to the 
thickest central part of the lens. The afferent impulses 
travel through the optic nerve, the optic chiasma. the 
optic tract, the lateral geniculate body, and the optic 
radiation to the visual cortex. The visual cortex is con
nected to the eye Held of the frontal cortex. From here, 
cortical fibers descend through the Internal capsule to 
the oculomotor nuclei ln the mldbraln. The oculomotor 
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nerve travels to the medial rectl muscles. Some of the 
descending cortical fibers synapse with the parasympa
thetic nuclei (Edinger-Westphal nuclei) of the third cra
nial nerve on both sides. Here, the fibers synapse, and 
the parasympathetic nerves travel through the third 
cranial nerve to the clllary gangllon in the orbit. Finally, 
postganglionic parasympathetic fibers pass through 
the short ciliary nerves to the dllary mmd.e and the 
comtrlctor puplllae mu.ed.e of the iris. 

Comeal Reflex 
Light touching of the cornea or conjunctiva results 
in blinking of the eyelids. Afferent impulses from the 

Main sensory nucleus of 
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cornea or conjunctiva travel through the ophthalmic 
dlvislon of the trlgemlnal nerve to the sensory nucleus 
of the trtgemlnal nerve (Fig. 11-4A). Internunclal neu
rons connect with the motor nucleus of the facial 
nerve on both sides through the medial longitudinal 
fasclculus. The facial nerve and its branches supply 
the orbicularis ocull muscle, which causes closure of 
the eyelids. 

Vi1uel Body Reflexes 

The automatic scanning movements of the eyes and 
head that are made when reading, the automatic move
ment of the eyes, head, and neck toward the source of 
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Figure 11-4 A; Corneal reflex. B: Visual body reflex. 



the visual stimulus, and the protective closing of the 
eyes and even the raising of the arm for protection are 
reflex actions that involve the following reflex arcs (see 
Fig. l l-4B). The visual impulses follow the optic nerves, 
optic chiasma, and optic tracts to the superior colliculi. 
Here, the impulses are relayed to the tectospinal and 
tectobulbar (tectonuclear) tracts and to the neurons of 
the anterior gray columns of the spinal cord and cranial 
motor nuclei. 

Pupillary Skin Reflex 

The pupil will dilate if the skin is painfully stimulated 
by pinching. The afferent sensory fibers are believed 
to have connections with the efferent preganglionic 
sympathetic neurons In the lateral gray columns of the 
first and second thoracic segments of the spinal cord. 
The white raml communlcantea of these segments pass 
to the sympathetic trunk, and the preganglionic fibers 
ascend to the superior cervical sympathetic ganglion. 
The postganglionic fibers pass through the Internal 
carotid plexus, long ciliary nerves, and llhort ciliary 
nerves to the dilator pupillae muscle of the iris. 

OCULOMOTOR NERVE 
{CRANIAL NERVE Ill) 
The oculomotor nerve is entirely motor in function. 

Oculomotor Nerve Nudei 
The oculomotor nerve has two motor nuclei: (1) the 
main motor nucleus and (2) the accessory parasympa
thetic nucleus. 

The main oculomotor nucleus is situated in the 
anterior part of the gray matter that surrounds the 
cerebral aqueduct of the midbrain (Fig. 11-5). It lies 
at the level of the superior colllculus. The nucleus 
consists of groups of nerve cells that supply all the 
extrinsic muscles of the eye except the superior 
oblique and the lateral rectus. The outgoing nerve 
fibers pass anteriorly through the red nucleus and 
emerge on the anterior surface of the mldbraln in the 
interpeduncular fo88a. The main oculomotor nucleus 
receives corticonuclear fibers from both cerebral 
hemispheres. It receives tectobulbar fibers from the 
superior colliculus and, through this route, receives 
information from the visual cortex. It also receives 
fibers from the medial longitudinal fasciculus, by 
which it is connected to the nuclei of the fourth, sixth, 
and eighth cranial nerves. 

The acceuory parasympathetic nucleus (F.dlnger
Westphal nucleus) is situated posterior to the main 
oculomotor nucleus (see Fig. 11-SA). The axons of the 
nerve cells, which are preganglionic, accompany the 
other oculomotor fibers to the orbit. Here, they syn
apse in the clllary ganglion, and postganglionic fibers 
pass through the llhort ciliary nerves to the constrictor 
pupillae of the iris and the ciliary muscles. The acces
sory parasympathetic nucleus receives corticonuclear 
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fibers for the accommodation reflex, and fibers from 
the pretectal nucleus for the direct and consensual light 
reflexes (see Fig. 11-3). 

Oculomotor Nerve Course 
The oculomotor nerve emerges on the anterior sur
face of the midbrain (see Fig. 11-SA). It passes forward 
between the posterior cerebral and the superior cere
bellar arteries. It then continues Into the middle cranial 
fossa in the lateral wall of the cavernous sinus. Here, 
it divides into a superior and an inferior ramus, which 
enter the orbital cavity through the superior orbital 
fissure. 

The oculomotor nerve supplies the following extrinsic 
muscles of the eye: the Ievator palpebrae superioris, 
superior rectus, medial rectus, inferior rectus, and infe
rior oblique. It also supplies, through its branch to the 
ciliary ganglion and the short ciliary nerves, para
sympathetic nerve fibers to the following intrinsic 
muscles: the constrictor pupillae of the iris and ciliary 
muscles. 

Therefore, the oculomotor nerve is entirely motor 
and ls responsible for lifting the upper eyelid; turning 
the eye upward, downward, and medially; constricting 
the pupil; and accommodating the eye. 

TROCHLEAR NERVE 
{CRANIAL NERVE IV) 
The trochlear nerve is entirely motor in function. 

Trochlear Nerve Nudeus 
The trochlear nucleus is situated in the anterior part 
of the gray matter that surrounds the cerebral aque
duct of the mldbraln (Fig. 11-6). It lies Inferior to the 
oculomotor nucleus at the level of the inferior collic
ulus. The nerve fibers, after leaving the nucleus, pass 
posteriorly around the central gray matter to reach the 
posterior surface of the midbrain. 

The trochlear nucleus receives corticonuclear fibers 
from both cerebral hemispheres. It receives the tec
tobulbar fibers, which connect it to the visual cortex 
through the superior colliculus (see Fig. l l-6A). It also 
receives fibers from the medial longitudinal fuclculus, 
by which it is connected to the nuclei of the third, sixth, 
and eighth cranial nerves. 

Trochlear Nerve Course 
The trochlear nerve, the most slender of the cranial 
nerves and the only one to leave the posterior sur
face of the brainstem, emerges from the midbrain and 
Immediately decWl88tea with the nerve of the oppo
site side. The trochlear nerve passes forward through 
the middle cranial fossa In the lateral wall of the cav
ernous sinus and enters the orbit through the superior 
orbital fissure. The nerve supplies the superior oblique 
muscle of the eyeball. The trochlear nerve is entirely 
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Figure 11-5 k Oculomotor nerve nuclei and their central connections. B: The distribution 
of the oculomotor nerve. 

motor and assists in turning the eye downward and 
laterally. 

TRIGEMINAL NERVE 
(CRANIAL NERVE V) 
The trigeminal nerve is the largest cranial nerve and 
contains both sensory and motor fibers (Fig. 11-7). It is 
the sensory nerve to the greater part of the head and the 
motor nerve to several muscles, including the muscles of 
mastlcatlon. 

Trigeminal Nerve Nudei 
The trlgemlnal nerve has four nuclei: (1) the main 
sensory nucleus, (2) the spinal nucleus, (3) the mesen
cephaltc nucleus, and ( 4) the motor nucleus. 

Main Sensory Nudeus 
The main sensory nucleus lies In the posterior 
part of the pons, lateral to the motor nucleus (see 
Fig. ll-7A). It is continuous below with the spinal 
nucleus. 
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Figure 11-6 A! Trochlear nerve nucleus and its central connections. B: Distribution of 
the trochlear nerve. 

Spinal Nudeus 

The spinal nucleus Is continuous superiorly with the 
main sensory nucleus in the pons and extends inferiorly 
through the whole length of the medulla oblongata and 
into the upper part of the spinal cord as far as the sec
ond cervical segment (see Fig. 11-78). 

Muencephalic Nudeus 

The mesencephalic nucleus is composed of a column 
of unipolar nerve cells situated In the lateral part of the 
gray matter around the cerebral aqueduct. It extends 
inferiorly into the pons as far as the main sensory 
nucleus (see Fig. 11-7). 

Motor Nudeua 

The motor nucleus ls situated in the pons, medial to the 
main sensory nucleus (see Fig. 11-7). 

Trigeminal Nerve Sensory Components 
The sensations of pain, temperature, touch, and pres
sure from the skin of the face and mucous membranes 
travel along axons whose cell bodies are situated in 
the semllunar or trlgemlnal sensory ganglion (see 
Fig. 11-78). The central processes of these cells form 
the large sensory root of the trigeminal nerve. About 
half the fibers divide into ascending and descending 
branches when they enter the pons; the remainder 
ascend or descend without division. The ascending 
branches terminate in the main sensory nucleus, 
and the descending branches terminate in the spinal 
nucleus. The sensations of touch and pressure are 
conveyed by nerve fibers that terminate in the main 
sensory nucleus. The sensations of pain and tempera
ture pass to the spinal nucleus. The sensory fibers 
from the ophthalmic division of the trigeminal nerve 
terminate in the inferior part of the spinal nucleus; 
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fibers from the maxillary division terminate in the 
middle of the spinal nucleus; and fibers from the man
dibular division end in the superior part of the spinal 
nucleus. 

Proprioceptive impulses from the muscles of masti
cation and from the facial and extraocular muscles are 
carried by fibers In the sensory root of the trlgemlnal 
nerve that have bypassed the semilunar or trigeminal 
ganglion. The fibers' cells of origin are the unipolar cells 
of the mesencephalic nucleus. 

The axons of the neurons in the main sensory and 
spinal nuclei and the central processes of the cells In 
the mesencephallc nucleus now cross the median plane 
and ascend as the trlgemlnal lemniscus to terminate on 

in a coronal section of the pons. B: Trigeminal 
nerve nuclei in the brainstem and their central 
connections. 

the nerve cells of the ventral posteromedial nucleus 
of the thalamus. The axons of these cells now travel 
through the Internal capsule to the postcentral gyros 
(areas 3, 1, and 2) of the cerebral cortex. 

Trigeminal Nerve Motor Component 
The motor nucleus receives corticonuclear fibers from 
both cerebral hemispheres (see Fig. 11-7). It also 
receives fibers from the reticular formation, the red 
nucleus, the tectum, and the medial longitudinal fas
clculus. In addition, it receives fibers from the mes
encephallc nucleus, thereby forming a monosynaptlc 
reflex arc. 
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Figure 11-8 Distribution of the trigeminal nerve. 

The cells of the motor nucleus give rise to the axons 
that form the motor root. The motor nucleus sup
plies the mWldes of mutlcallon, the temor tympani. 
the teD.tlor vell paladnl, and the mylohyold and the 
anterior belly of the dlgallrfc mUllde. 

Trigeminal Nerve Course 
The trigeminal nerve leaves the anterior aspect of the 
pons as a small motor root and a large sensory root. 
The nerve passes forward out of the posterior cranial 
fossa and rests on the upper surface of the apex of the 
petrous part of the temporal bone In the middle cranial 
fossa. The large sensory root now expands to form 
the crescent-shaped trlgemlnal ganglion, which lies 
within a pouch of dura mater called the trlgemlnal or 
Meckel cave. The ophthalmic, maxillary, and mandibu
lar nerves arise from the anterior border of the ganglion 
(Fig. 11-8). The ophthalmic nerve (Vi) contains only 
sensory fibers and leaves the skull through the superior 
orbital fissure to enter the orbital cavity. The maxillary 
nerve (V .J also contains only sensory fibers and leaves 
the skull through the foramen rotundum. The mandib
ular nerve (V,;) contains both sensory and motor fibers 
and leaves the skull through the foramen ovale. 

The sensory fibers to the skin of the face from each 
division supply a distinct zone (Fig. 11-9), there being 

little or no overlap of the dermatomes (compared with 
the overlap of the dermatomes of the spinal nerves). 
As noted previously, the motor fibers In the mandibular 
division are mainly distributed to muscles of mastica
tion. 

ABDUCENS NERVE 
(CRANIAL NERVE VI) 
The abducens nerve ls a small motor nerve that sup
plles the lateral rectus muscle of the eyeball. 

Abducens Nerve Nucleus 
The small motor nucleus ls situated beneath the 
floor of the upper part of the fourth ventricle. close 
to the mldline and beneath the colllculua faclalle 
(Fig. 11-IOA). The nucleus receives afferent corti
conuclear fibers from both cerebral hemispheres. 
It receives the tectobulbar tract from the superior 
colliculus. by which the visual cortex is connected 
to the nucleus. It also receives fibers from the medial 
longitudinal fasciculus, by which it is connected to 
the nuclei of the third, fourth, and eighth cranial 
nerves (see Fig. 11-9). 
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Abducens Nerve Course 
The fibers of the abducens nerve pass anteriorly through 
the pons and emerge in the groove between the lower 
border of the pons and the medulla oblongata (see 
Fig. 11-lOB). It passes forward through the cavernous 
sinus, lying below and lateral to the internal carotid 
artery. The nerve then enters the orbit through the 
superior orbital fissure. The abducens nerve Is entirely a 
motor nerve and supplies the lateral rectus muscle and, 
therefore, ls responsible for turning the eye laterally. 

FACIAL NERVE 
(CRANIAL NERVE VII) 
The facial nerve is both a motor and a sensory nerve. 

Facial Nerve Nuclei 
The facial nerve has three nuclei: (1) the main motor 
nucleus, (2) the parasympathetic nuclei, and (3) the 
sensory nucleus. 

Main Motor Nudeu1 
The main motor nucleus lies deep in the reticular forma
tion of the lower part of the pons (Fig. 11-11). The part 
of the nucleus that supplies the muscles of the upper 
part of the face receives cortlconuclear fibers from both 
cerebral hemispheres. The part of the nucleus that sup
plies the muscles of the lower part of the face receives 
only cortlconuclear fibers from the opposite cerebral 
hemisphere. 

Thalamus and 
hypothalamic nuclei-~-~-~-.....l. 
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These pathways explain the voluntary control of 
facial muscles. However, another Involuntary pathway 
exists; it ls separate and controls mimetic or emotional 
changes ID facial expre88lon. This other pathway 
forms part of the reticular formation (seep. 301). 

Parasympathetic Nudei 

Parasympathetic nuclei Ile posterolateral to the main 
motor nucleus. They are the npedorsallvatory and Jacrl. 
malnuclel(seeFlg.11-11). Thesuperlorsallvatorynucleus 
receives afferent fibers from the hypothalamus through 
the descending autonomic pathways. Information 
concerning taste also is received from the nucleus of 
the eolltary tract from the mouth cavity. 

The lacrimal nucleus receives afferent fibers from 
the hypothalamus for emotional responses and from 
the sensory nuclei of the trigeminal nerve for reflex 
lacrimation secondary to irritation of the cornea or 
conjunctiva. 

Sensory Nudeu1 
The sensory nucleus is the upper part of the nucleus 
of the ll'actU8 tolltarlus and lies close to the motor 
nucleus (see Fig. 11-11). Sensations of taste travel 
through the peripheral axons of nerve cells situated in 
the genlculate ganglion on the seventh cranial nerve. 
The central processes of these cells synapse on nerve 
cells in the nucleus. Efferent fibers cross the median 
plane and ascend to the ventral posteromedlal nucleus 
of the opposite thalamus and to a number of hypo
thalamic nuclei. From the thalamus, the axons of the 
thalamic cells pass through the internal capsule and 
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Fons 
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Descending 
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F'igure 11-11 Facial nerve nuclei and their central connections. 
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corona radtata to end In the taste area of the cortex In 
the lower part of the postcentral gyrus. 

Fadal Nerve Course 
The facial nerve consists of a motor and a sensory root. 
The fibers of the motor root first travel posteriorly 
around the medial side of the abducens nucleus (see 
Fig. 11-11). They then pass around the nucleus beneath 
the coWcal.U8 &dell• in the floor of the fourth ventricle 
and, finally, pass anteriorly to emerge from the brainstem. 

The sensory root (nervus lntermedlU8) Is formed of 
the central processes of the unipolar cells of the genlcu
late ganglion. It also contains the efferent pregangllonlc 
parasympathetic fibers from the parasympathetic nuclei. 
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The two roots of the facial nerve emerge from the 
anterior surface of the brain between the pons and the 
medulla oblongata. They pass laterally in the posterior 
cranial fossa with the vestlbulocochlear nerve and 
enter the internal acoustic meatus in the petrous part 
of the temporal bone. At the bottom of the meatus, the 
nerve enters the facial canal and runs laterally through 
the inner ear. On reaching the medial wall of the tym
panic cavity, the nerve expands to form the sensory 
genlculate ganglion (Fig. 11-12) and turns sharply 
backward above the promontory. At the posterior wall 
of the tympanlc cavity, the facial nerve turns downward 
on the medial side of the adltus to the mastold antrum, 
descends behind the pyramid, and emerges from the 
stylomastold foramen. 
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Facial Nerve Distribution 
The motor nadeu supplies the muscles of facial 
expression, the auricular muscles, the stapedius, the 
posterior belly of the digastric, and the stylohyoid mus
cles (see Fig. 11-12). 

The mperlor ..uvatory nudeua supplies the sub
mandibular and sublingual salivary glands and the nasal 
and palatine glands. The lacrlmal nodeu supplies the 
lacrtmal gland. 

The 9eJl90l'Y nucleu receives taste fibers from 
the anterior two-thirds of the tongue, the floor of the 
mouth, and the palate. 

VESTIBULOCOCHLEAR NERVE 
(CRANIAL NERVE VIII) 
This nerve consists of two distinct parts, the vestibular 
nerve and the cochlear nerve, which are concerned 
with the transmission of afferent information from the 
internal ear to the central nervous system (Figs. 11-13 
and 11-14). 

Vestibular Nerve 
The vestibular nerve conducts nerve impulses from the 
utrlcle and saccule that provide information concerning 
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the position of the head; the nerve also conducts 
impulses from the semicircular canals that provide 
information concerning movements of the head. 

The nerve fibers of the vestibular nerve are the central 
processes of nerve cells located ln the veslfbular pn
glloa, which Is situated in the Internal acomdc meatm. 
They enter the anterior surface of the bralnstem In a 
groove between the lower border of the pons and the 
upper part of the medulla oblongata (see Fig. 11-13). 
When they enter the vestibular nuclear complex, the 
fibers divide into short ascending and long descending 
fibers; a small number of fibers pass directly to the 
cerebellwn through the inferior cerebellar peduncle, 
bypassing the vestibular nuclei. 

Vesllbular Nudur Complex 

This complex consists of a group of nuclei situated 
beneath the floor of the fourth ventricle (see Fig.11-13). 
Four nuclei may be recognized: (1) the lateral vestibu
lar nucleus, (2) the superior vestibular nucleus, (3) the 
medial vestibular nucleus, and (4) the Inferior vestibu
lar nucleus (see Fig. 5-14). 

The vestibular nuclei receive afferent fibers from 
the utrlcle and eaccule and the eemldrcular c:anal8 
through the vestibular nerve and fibers from the cer
ebellum through the inferior cerebellar peduncle (see 
Fig. 11-13). Efferent fibers from the nuclei pass to the 
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Figure 11-13 Vestibular 
nerve nuclei and their 
central connections. 
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cerebellum through the Inferior cerebellar peduncle. 
Efferent fibers also descend uncrossed to the spinal 
cord from the lateral vestibular nucleus and form the 
vestlbuloaplnal tract In addition, efferent fibers pass to 
the nuclei of the oculomotor, trochlear, and abducens 
nerves through the medial longitudinal fasciculus. 

These connections enable the movements of the 
head and the eyes to be coordinated so that visual 
fixation on an object can be maintained. In addition, 
infonnation received from the internal ear can assist in 
maintaining balance by influencing the muscle tone of 
the limbs and trunk. 

Ascending fibers also pass upward from the vestibu
lar nuclei to the cerebral cortex, to the vestibular area 

in the postcentral gyrus Just above the lateral fissure. 
These fibers are thought to relay In the ventral poste
rior nuclei of the thalamus. The cerebral cortex proba
bly serves to orient the lndlvldual consciously In space. 

Cochlear Nerve 
The cochlear nerve conducts nerve impulses concerned 
with sound from the organ of Corti in the cochlea. The 
fibers of the cochlear nerve are the central processes of 
nerve cells located in the spiral ganglion of the cocblea 
(Fig. 11-15). They enter the anterior surface of the braJn
stem at the lower border of the pons on the lateral side 
of the emerging facial nerve by the vestibular nerve 
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Figure 11-15 Distribution of the vestibulocochlear nerve. 

(see Fig. 11-14). On entering the pons, the nerve fibers 
divide, with one branch entering the posterior cochlear 
nucleua and the other branch entering the anterior 
cochlear nucleua. 

Cochlear Nuclel 

The anterior and posterior cochlear nuclei are situated 
on the surface of the inferior cerebellar peduncle (see 
Fig. 11-14). They receive afferent fibers from the cochlea 
through the cochlear nerve. The cochlear nuclei send 
axons (second-order neuron fibers) that run medially 
through the pons to end In the tnpezold body and the 
ollvary nucleus. Here, they are relayed In the posterior 
nucleus of the tnpezold body and the superior ollvary 
nucleus on the same or the opposite side. The axons now 
ascend through the posterior part of the pons and mid· 
brain and form a tract known as the lateral lemnllcu& 
Each lateral lemnlscus, therefore, consists of third-order 
neurons from both sides. As these fibers ascend, some 
of them relay in small groups of nerve cells, collectively 
known as the nucleus of the lateral lemnllcua. 

On reaching the midbrain, the fibers of the lateral lem
niscus either tenninate in the nucleus of the Inferior col
llculus or are relayed in the medial genlculate body and 
pass to the auditory cortex of the cerebral hemisphere 
through the acomttc radiation of 1he Internal capsule. 

The primary auditory cortex (areas 41 and 42) Includes 
the gyrus of Heschl on the upper surface of the supe
rior temporal gyrus. The recognition and Interpretation 
of sowids, on the basis of past experience, take place in 
the secondary auditory area. 

Nerve impulses from the ear are transmitted along 
auditory pathways on both sides of the brainstem, with 
more being projected along the contralateral pathway. 
Many collateral branches are given off to the reticular 
activating system of the brainstem (see p. 301). The 
tonotoptc organization present In the organ of Corti 
ls preserved within the cochlear nuclei, the Inferior 
colllculi, and the primary auditory area. 

Descending Auditory Pathways 

Descending fibers originating in the auditory cortex and 
In other nuclei in the auditory pathway accompany the 
ascending pathway. These fibers are bilateral and end 
on nerve cells at different levels of the auditory path· 
way and on the hair cells of the organ of Corti. These 
fibers are believed to serve as a feedback mechanism 
and inhibit the reception of sound. They may also have 
a role in the process of auditory sharpening, suppress
ing some signals and enhancing others. 

Vestibulocochlear Nerve Course 
The vestibular and cochlear parts of the nerve leave the 
anterior surface of the brain between the lower border 
of the pons and the medulla oblongata (see Fig. 11-15). 
They run laterally in the posterior cranial fossa and 
enter the internal acoustic meatus with the facial nerve. 
The fibers are then distributed to the different parts of 
the internal ear. 

GLOSSOPHARYNGEAL NERVE 
(CRANIAL NERVE IX) 
The glossopharyngeal nerve Is a motor and a sensory 
nerve. 

Glossopharyngeal Nerve Nuclei 
The glossopharyngeal nerve has three nuclei: (1) the 
main motor nucleus, (2) the parasympathetic nucleus, 
and (3) the sensory nucleus. 

Main Motor Nudeua 

The main motor nucleus lies deep in the reticular 
formation of the medulla oblongata and ts formed by 
the superior end of the nucleus ambiguus (Fig. 11-16). 
It receives cortlconuclear fibers from both cerebral 
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Figure 11-16 Glossopharyngeal nerve nuclei and their central connections. 

hemispheres. The efferent fibers supply the etylop~ 
ryngeu mlllde. 

Par•sympathetic Nucleus 
The parasympathetic nucleus Is also called the lnfe
rlor Mllvatory nudeua. It receives afferent fibers from 
the hypothalamus through the dacencUna autonomic 
pathwaya. It also is thought to receive Information 
from the olfactory system through the reticular for
mation. Information concerning taste also is received 
from the nucleus of the solitary tract from the mouth 
cavity. 

The efferent preganglionic parasympathetic fibers 
reach the otlc ganglion through the tympanlc branch 
of the gl~ nerve, the tympanlc plexus, 
and the leaer petroeal nerve (Fig. 11-17). The postgan
gllonlc fibers pass to the parot1d eallvary gland. 

Sensory Nudeus 
The sensory nucleus Is part of the nucleus of the 
tractus aolltarlus (see Fig. 11-16). Sensations of taste 

travel through the peripheral axons of nerve cells sit
uated in the ganglion on the glossopharyngeal nerve. 
The central processes of these cells synapse on nerve 
cells in the nucleus. Efferent fibers cross the median 
plane and ascend to the ventral group of nuclei of 
the opposite thalamus and a number of hypothalamic 
nuclei. From the thalamus, the axons of the thalamic 
cells pass through the Internal capsule and corona 
radlata to end In the lower part of the postcentral 
gyros. 

Afferent information that concerns common sensa
tion enters the bralnstem through the superior ganglion 
of the glossopharyngeal nerve but ends in the 8Ptn.l 
nucleua of the trtgemlnal nerve. Afferent impulses 
from the carotid Ullua, a baroreceptor situated at the 
bifurcation of the common carotid artery, also travel 
with the glossopharyngeal nerve. They terminate in 
the nucleu of the tractm solllarlus and are connected 
to the doral motor nucleu of the vagu nerve. The 
carotid sinus reflex that Involves the glossopharyngeal 
and vagus nerves assists In the regulation of arterial 
blood pressure. 
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Glossopharyngeal Nerve Course 
The glossopharyngeal nerve leaves the anterolateral 
surface of the upper part of the medulla oblongata as a 
series of rootlets in a groove between the olive and the 
inferior cerebellar peduncle (see Fig. 11-16). It passes 
laterally in the posterior cranial fossa and leaves the 
skull through the jugular foramen. The superior and 
inferior glossopharyngeal sensory ganglia are situated 
on the nerve here. The nerve then descends through 
the upper part of the neck in company with the internal 
jugular vein and the internal carotid artery to reach the 
posterior border of the stylopharyngeus muscle, which 
it supplies. The nerve then passes forward between the 
superior and middle constrictor muscles of the pharynx 
to give sensory branches to the mucous membrane 
of the pharynx and the posterior third of the tongue 
(see Fig. 11-17). 

VAGUS NERVE (CRANIAL NERVE X) 
The vagus nerve Is a motor and a sensory nerve. 

Vagus Nerve Nuclei 
The vagus nerve has three nuclei: (1) the main motor 
nucleus, (2) the parasympathetic nucleus, and (3) the 
sensory nucleus. 

Main Motor Nudeus 

The main motor nucleus lies deep in the reticular for
mation of the medulla oblongata and is formed by the 
nucleus ambiguus (Fig. 11-18). It receives corticonuclear 
fibers from both cerebral hemispheres. The efferent 
fibers supply the constrictor muscles of the pharynx 
and the intrinsic muscles of the larynx (Fig. 11-19). 

Parasympathetic Nudeus 

The parasympathetic nucleus forms the dorsal nucleus 
of the vagus and lies beneath the floor of the lower 
part of the fourth ventricle posterolateral to the hypo
glossal nucleus (see Fig. 11-18). It receives afferent 
fibers from the hypothalamus through the descend
ing autonomic pathways. It also receives other affer
ents, including those from the glossopharyngeal nerve 
(carotid sinus reflex). The efferent fibers are distrib
uted to the Involuntary muscle of the bronchi, heart, 
esophagus, stomach, small intestine, and large intes
tine as far as the distal third of the transverse colon 
(see Fig. 11-19). 

Sensory Nudeus 

The sensory nucleus is the lower part of the nucleus 
of the tractus aolltadus. Sensations of taste travel 
through the peripheral axons of nerve cells situated in 
the Inferior ganglion on 111.e vagus nerve. The central 
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Figure 11·18 Vagus nerve nuclei and their central connections. 

processes of those cells synapse on nerve cells in 
the nucleus (see Fig. 11-18). Efferent fibers cross the 
median plane and ascend to the ventral group of nuclei 
of the opposite thalamus as well as to a number of 
hypothalamic nuclei. From the thalamus, the axons of 
the thalamic cells pass through the internal capsule and 
corona radiata to end in the postcentral gyrus. 

Afferent information concerning common sensation 
enters the brainstem through the superior ganglion of 
the vagus nerve but ends in the splnal nucleu of the 
trlgemlnal nerve. 

Vagus Nerve Course 
The vagus nerve leaves the anterolateral surface of 
the upper part of the medulla oblongata as a series of 
rootlets in a groove between the olive and the inferior 
cerebellar peduncle (see Fig. 11-18). The nerve passes 
laterally through the posterior cranial fossa and leaves 
the skull through the jugular foramen. The vagus nerve 
possesses two sensory ganglia, a rounded superior gan
glion, situated on the nerve within the jugular foramen, 
and a cylindrical Inferior ganglion, which lies on the 
nerve just below the foramen. Below the Inferior gan
glion, the cranial root of the accessory nerve joins the 

vagus nerve and ls distributed mainly in its pharyngeal 
and recurrent laryngeal branches. 

The vagus nerve descends vertically In the neck 
within the carotid sheath with the internal jugular vein 
and the Internal and common carotid arteries. 

The right vagus nerve enters the thorax and passes 
posterior to the root of the right lung, contributing to 
the pulmonary plexus. It then passes on to the poste
rior surface of the esophagus and contributes to the 
et0phageal ple:xua. It enters the abdomen through the 
esophageal opening of the diaphragm. The posterior 
vagal trunk (which is the name now given to the right 
vagus) ts distributed to the posterior surface of the 
stomach and, by a large cellac branch, to the duode
num, liver, kidneys, and small and large intestines as far 
as the distal third of the transverse colon. This wide dis
tribution is accomplished through the cellac, superior 
mesenterlc, and renal plexuses. 

The left vagua nerve enters the thorax and crosses the 
left side of the aortic arcl1 and descends behind the root 
of the left lung, contributing to the pulmonary plexm. 
The left vagus then descends on the anterior surface of 
the esophagus, contributing to the esopbageal plexua. 
It enters the abdomen through the esophageal opening 
of the diaphragm. The anterior vagal tnmk (which ls the 
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name now given to the left vagus) divides Into several 
branches, which are distributed to the stomach, liver, 
upper part of the duodenum, and head of the pancreas. 

ACCESSORY NERVE 
(CRANIAL NERVE XI} 
The accessory nerve Is a motor nerve that is formed by 
the union of a cranial and a spinal root. 

Cranial Root 
The cranial root (part) is formed from the axons of nerve 
cells of the nucleus amblguus {Fig. 11-20). The nucleus 
receives cortlconuclear fibers from both cerebral hemi
spheres. The efferent fibers of the nucleus emerge from 

the anterior surface of the medulla oblongata between 
the olive and the inferior cerebellar peduncle. 

Cranial Root Course 
The nerve runs laterally in the posterior cranial fossa 
and joins the spinal root. The two roots unite and leave 
the skull through the jugular foramen. The roots then 
separate, and the cranial root joins the vagus nerve and 
Is distributed 1n Its pharyngeal and recurrent laryngeal 
branches to the muscles of the soft palate, pharynx, 
and larynx. 

Spinal Root 
The spinal root (part) ts formed from axons of nerve 
cells in the spinal nucleus, which ts situated 1n the 
anterior gray column of the spinal cord in the upper five 
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Figure 11-20 Cranial and spinal nuclei of the accessory nerve and their central connections. 

cervical segments (see Fig. 11-20). The spinal nucleus is 
thought to receive corttcospinal fibers from both cere
bral hemispheres. 

Splnal Root Course 
The nerve fibers emerge from the spinal cord mid
way between the anterior and posterior nerve roots 
of the cervical spinal nerves. The fibers form a nerve 
trunk that ascends Into the skull through the foramen 
magnum. The spinal root passes laterally and joins 

the cranial root as they pass through the jugular fora
men. After a short distance, the spinal root separates 
from the cranial root and runs downward and laterally 
and enters the deep surface of the sternocleldomas
toid (SCM) muscle, which it supplies (Fig. 11-21). The 
nerve then crosses the posterior triangle of the neck 
and passes beneath the trapezius muscle, which it 
supplies. 

The accessory nerve thus brings about movements 
of the soft palate, pharynx, and larynx and controls the 
movement of two large muscles in the neck. 
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The hypoglossal nerve Is a motor nerve that supplies all 
the Intrinsic muscles of the tongue as well as the stylo
glossus, the hyoglossus, and the genloglossus muscles. 

Figure 11-21 Distribution of the accessory 
nerve. 

Hypoglossal Nudeus 
The hypoglossal nucleus is situated close to the midline 
Immediately beneath the floor of the lower part of the 
fourth ventricle (Fig. 11-22). It receives cortlconuclear 
fibers from both cerebral hemispheres. However, the 
cells responsible for supplying the genloglossus muscle 
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(Fig. 11-23) only receive corticonuclear fibers from the 
opposite cerebral hemisphere. 

The hypoglossal nerve fibers pass anteriorly through 
the medulla oblongata and emerge as a series of roots 
in the groove between the pyramid and the olive (see 
Fig. 11-22). 

Hypoglossal Nerve Course 
The hypoglossal nerve fibers emerge on the anterior 
surface of the medulla oblongata between the pyramid 
and the olive (see Fig. 11-22). The nerve crosses the 
posterior cranial fossa and leaves the skull through 
the hypoglossal canal. The nerve passes downward 
and forward In the neck between the Internal carotid 

1e Clinical Notes 

General Considerations 
The 12 pairs of cranial nerves supply Information to the brain 
from outlying receptor organs and bring about changes In 
peripheral effector organs by means of appropriate motor 
nerves. Unfortunately for the student, the nerve cells are 
not arranged simply. as in the spinal cord. but are grouped 
together to form noclel that are found in different situations 
at different levels of the brainstem. Moreover, whereas spi
nal nerves possess afferent somatic fibers, afferent visceral 
fibers, efferent somatic fibers, and efferent visceral fibers, 
cranial nerves, In addition, possess spedal somatic afferent 

Figan 11-23 Distribution of the hypoglossal 
nerve. 

artery and the internal jugular vein until it reaches 
the lower border of the posterior belly of the digastric 
muscle. Here, it turns forward and crosses the internal 
and external carotid arteries and the loop of the lingual 
artery. lt passes deep to the posterior margin of the 
mylohyofd muscle lying on the lateral surface of the 
hyoglossus muscle. The nerve then sends branches to 
the muscles of the tongue (see Fig. 11-23). 

In the upper part of lts course, the hypoglossal nerve 
is joined by Cl fibers from the cervical plexus. The 
delicate cervical nerve fibers merely run with the hy~ 
glossal nerve for support and later leave it to supply 
muscles in the neck. 

Thus, the hypoglossal nerve controls the movements 
and shape of the tongue. 

fibers (e.g .. visual and auditory) and special visceral afferent 
fibers (e.g., taste). 

When the central connections of the different cranial 
nerve nuclei were discussed in the previous section, a 
simplified practical version was given, since many of the 
precise connections of the cranial nerve nuclei are still 
not known. Because the delicate movements of the eyes, 
the larynx, and the face require carefully Integrated mus
cle action and the fine control of muscle tone, It must 
be assumed that the motor nuclei of the various cranial 
nerves receive input from the cerebellum. the red nucleus, 



the reticular formation, and the corpus strlatum in the 
same manner as the lower motor neurons of the spinal 
cord. 

Three points of cllnlcal value should be remembered: 

1. Bilateral corticonuclear connections are present for all 
the cranial motor nuclei except that part of the facial 
nucleus that supplles the muscles of the lower part of 
the face and that part of the hypoglossal nucleus that 
supplies the genioglossus muscle. 

2. The cranial nerves that possess afferent sensory fibers 
have cell bodles that are found in ganglia along the 
course of the nerves; these are equivalent to the poste
rior root ganglia. In the case of the olfactory nerws, the 
cells are the ollactory receptors. 

3. In situations In which the cranial nerve nuclei are close 
together, it is very rare for a disease process to affect one 
nucleus only. For example, the cell groups of the nucleus 
amblguus serve the glossopharyngeal, the vagus, and 
the cranial root of the accessory nerve, and functlonal 
loss involving all three nerves ls a common finding. 

Clinical Examination 
The systematic examination of the 12 cranial nerves ls 
an Important part of the examination of eftry neurologtc 
patient. It may reveal a lesion of a cranial nerve nucleus or 
its central connections, or it may show an interruption of 
the lower motor neurons. 

Olfactory Nerve 
First, determine that the nasal passages are clear. Then, 
apply some easily recognizable aromatic substance, such 
as oil of peppermint, oil of clove, or tobacco, to each nostril 
in tum. Ask: the patient whether he or she can smell any
thing; if so, ask the patient to Identify the smell. It should be 
remembered that food flavors depend on the sense of smell 
and not on the sense of taste. 

Bilateral an.oemla can be caused by disease of the 
olfactory mucous membrane, such as the common cold 
or allergic rhinitis. Unllaleral an08Dlla can result from dis
ease affectlng the olfactory nerves, bulb, or tract. A lesion 
of the olfactory cortex on one side is unlikely to produce 
complete anosmla, because fibers from each olfactory 
tract travel to both cerebral hemispheres. Fractures of the 
anterior cranial fossa involving the cribrlform plate of the 
ethmoid could tear the olfactory nerves. Cerebral tumors 
of the frontal lobes or menlngtomas of the anterior cranial 
fossa can produce anosmia by pressing on the olfactory 
bulb or tract. 

Optic Nerve 
First, ask the patient whether he or she has noted any 
change in eyesight. Vllual acuity should be tested for 
near and dlstant vision. Ne.ar vision Is tested by asking the 
patient to read a card with a standard size of type. Each eye 
ls tested in turn, with or without spectacles. Distant vision 
Is tested by asking the patient to read Snellen type at a 
distance of 20 ft. 

The vllual fields should then be tested. The patient 
and the examiner sit facing each other at a distance of 2 ft. 
The patient Is asked to cover the right eye, and the eum
lner covers his own left eye. The patient Is asked to look 
into the pupil of the examiner's right eye. A small object 
is then moved in an arc around the periphery of the field 
of vision, and the patient ls asked whether he or she can 
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see the object. The extent of the patient's field of vision is 
compared with the normal examiner's field. Then, the other 
eye Is tested. The clinician must be careful not to miss 
loss or Impairment of vision In the central area of the fteld 
(central scotoma). 

VISUAL PATHWAY LESIONS 
Lesions of the optic pathway may have many pathologlc 
causes. Expanding twnors of the brain and neighboring 
structures, such as the pituitary gland and the menlnges, 
and cerebrovascular accidents are commonly responsi
ble. The most widespread effects on vision occur where 
the nerve fibers of the visual pathway are tightly packed 
together, such as in the optic nerve or the optlc tract. 

CRCUMFERENTIAL BLINDNESS 
Circumferential blindness may be caused by hysteria or 
optic neuritis (Fig. 11-24 [1]). Optlc neuritis may occur fol
lowing spread of infection nom the sphenold and ethmold 
sinuses; the optic nerve ls Infected as lt passes through the 
optic canaJ to enter the orbital cavity. 

TOTAL BLINDNESS OF ONE EYE 
TotaJ blindness of one eye would follow complete section of 
one optic nerve (Fig. 11-24 [2D. 

NASAL HEMIANOPIA 
Nasal hemianopla would follow a partial lesion of the opUc 
chlasma on Its lateral side (Fig. 11-24 [3)). 

BITEMPORAL HEMIANOPIA 
Bitemporal hemianopia would follow a saglttal sectJon of 
the optic chiasma (Fig. 11-24 [4)). This condition is most 
commonly produced by a tumor of the pituitary gland 
exerting pressure on the optic chlasma. 

CONTRALATERAL HOMONYMOUS HEMIANOPIA 
Contralateral homonymous hemlanopta would follow dM
slon of the optic tract or optlc rad1atlon or destructJon of 
the visual cortex on one side; the lesion would produce 
the same hemlanopla for both eyes-that is, homonymous 
hemlanopia (Fig. 11-24 [5-7)). H the right optic tract is 
divided, for example, a left temporal hemianopia and a right 
nasal hemlanopla wlll occur. 

FUNDUS EXAMINATION 
The ocular fundus should be examined with an ophthalm~ 
scope. The patient ls asked to loot at a distant object. When 
the right eye ls examined, the physician should use hJs or 
her right eye and hold the ophthalmoscope in his or her 
right hand. The physician should systematically examine 
the fund us, looking first at the optic disc, then at the retina, 
then at the blood vessels, and finally at the macula. 

The opdc dl8c: ls creamy pink, and the lateral margin ls 
seen clearly. The center of the disc ls paler and hollowed 
out. 

The retina Is pinkish red, and there should be no hem
orrhages or exudates. 

The blood vaeela should consist of four main arteries 
with their accompanying veins. Carefully examine the arte
rtovenous crossings. The veins should not be lndented by 
the arteries. 

The macula Is examined by asking the patient to look 
directly at the light of the ophthalmoscope. It should look 
slightly darker than the surrounding retina. 

EXl'RAOCULAR MUSa.E EXAMINATION 
To examine the extraocular muscles, the patient's head is 
fixed, and he or she is asked to move the eyes, in tum, to the 
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Figure 11-24 Visual field defects associated with lesions of the optic pathways. 1. Right
sided circumferential blindness due to retrobulbar neuritis. 2. Total blindness of the right 
eye due to division of the right optic nerve. 3. Right nasal hemianopia due to a partial 
lesion of the right side of the optic chiasma. 4. Bitemporal hemianopia due to a complete 
lesion of the optic chiasma. 5. Left temporal hemianopia and right nasal hemianopia due 
to a lesion of the right optic tract. 6. Left temporal and right nasal hemianopia due to 
a lesion of the right optic radiation. 7. Left temporal and right nasal hemianopia due 
to a lesion of the right visual cortex. 

left, to the right, upward, and downward, as far as posslble 
In each direction. The patient should then be asked to look 
upward and laterally, upward and medially, downward and 
medially, and downward and laterally. 

The pupillary reactions to convergence associated 
with accommodation and the direct and consensual 
puplllary reactions to light are tested. The nervous path
ways Involved In the puplJlary reflexes are described on 
pages 328-329. 

Oculomotor Nerve 
The oculomotor nerve supplies all the extraoc:ular muscles 
except the superior obllque and the lateral rectus. It also 
supplles the striated muscle of the levator pa]pebrae supe
rioris and the smooth muscle concerned with acc:ommoda
tlon, namely, the sphincter pupWae and the clllary muscle. 

In a complete lesion of the oculomotor nerve, the eye 
cannot be moved upward, downward, or Inward. At rest, 
the eye looks laterally (external strablsmus), owing to the 



activity of the lateral rec:tus, and downward, owing to the 
activity of the superior oblique. The patient sees double 
(dlplopla). The upper eyelld droops (ptosls) due to paraly
sis of the Jevator palpebrae superlorls. The pupil ls widely 
dilated and nonreactive to light, owing to paralysis of the 
sphincter puplllae and unopposed action of the dilator 
(supplied by the sympathetic). Accommodation of the eye 
is paralyzed. 

Incomplete lesions of the oculomotor nerve are com
mon and may spare the extraocular muscles or the Intra
ocular muscles. The condition In which the Innervation of 
the ex.traocular muscles Is spared with select.Ive loss of the 
autonomic innervation of the sphincter pupillae and ciliary 
muscle is called Internal ophtbalm.oplegla. The condition 
In which the sphincter puplllae and the clllary muscle are 
spared with paralysis of the extraocular muscles ls called 
me.naaJ. ophthalmoplegla. 

The possible explanation for the Involvement of the 
autonomic nerves and the sparing of the remaining fibers 
is that the parasympathetic autonomic fibers are superfi
clally placed within the oculomotor nerve and are likely to 
be first affected by compression. The nature of the disease 
also plays a role. For example, In cases of diabetes with 
impaired nerve conduction (diabetic neuropathy), the 
autonomic fibers are unaffected, whereas the nerves to the 
extra.ocular muscles are paralyzed. 

The conditions most commonly affecting the oculom~ 
tor nerve are diabetes, aneurysm, tumor, trauma, lnflamma
tlon, and vascular disease. See lesions of the oculomotor 
nerve In the mldbraln (Benedikt syndrome) on page 217. 

Trochlear Nerve 
The trochlear nerve supplies the superior oblique muscle, 
which rotates the eye downward and laterally. 

In lesions of the trochlear nerve, the patient complains 
of double vision on looking straight downward, because the 
Images of the two eyes are tilted relative to each other. 
This is because the superior oblique is paralyzed, and 
the eye turns medially as well as downward. In fact, the 
patient has great difficulty In turning the eye downward 
and laterally. 

The conditions most often affecting the trochlear nerve 
include stretching or bruising as a complication of head 
Injuries (the nerve ls Jong and slender), cavernous sinus 
thrombosis, aneurysm of the Internal carotid artery, and 
vascular lesions of the dorsal part of the mldbrain. See 
lesions of the trochlear nerve in the mldbraln on page 217. 

Abducen1 Nerve 
The abducens nerve supplies the lateral rectus muscle, 
which rotates the eye laterally. In a lesion of the abducens 
nerve, the patient cannot turn the eye laterally. When the 
patient Is looking straight ahead, the lateral rectus Is par
alyzed, and the unopposed medial rectus pulls the eye
ball medially, causing Internal lllrablamaa. Diplopia is also 
seen. 

Lesions of the abducens nerve Include damage due to 
head Injuries (the nerve Is Jong and slender), cavernous 
sinus thrombosis or aneurysm of the Internal carotid 
artery, and vascular lesions of the pons. 

INTERNUCLEAR OPHTHALMOPl.EGIA 
Lesions of the medial longltudlnal fasclculus will discon
nect the oculomotor nucleus that Innervates the medial 
rectus muscle from the abducens nucleus that innervates 
the lateral rectus muscle. When the patient is asked to look 
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laterally to the right or left, the lpsllateral lateraJ rectus con· 
tracts, turning the eye laterally, but the contralateral medial 
rectus fails to contract, and the eye looks straight forward. 

Bilateral Internuclear ophthalmoplegla can occur with 
multiple sclerosis, occlusive vascular disease, trauma, or 
bralnstem tumors. Unilateral Internuclear ophthalmoplegta 
can follow an infarct of a small branch of the basilar artery. 

Trigeminal Nerve 
The U1gemlnal nerve has sensory and motor roots. The 
sensory root passes to the trtgemlnal ganglion, from which 
emerge the ophthalmic (Vi), maxillary (V-i), and mandib
ular (V.;) divisions. The motor root joins the mandibular 
division. 

The sensory function may be tested by uslng cotton and 
a pln over each area of the face supplied by the divisions 
of the trlgemlnal nerve (see Fig. 11-9). Note that the derma
tomes overlap very little and that the skin covering the 
angle of the jaw ls innervated by branches from the cervical 
plexus (C2 and C3). In lesions of the ophthalmic division, 
the cornea and conjunctiva will be Insensitive to touch. 

The motor function may be tested by asking the paUent 
to clench his or her teeth. The masseter and the tempo
ralis muscles can be palpated and felt to harden as they 
contract. 

TRIGEMINAL NEURALGIA 
In trlgemlnal neuralgia, the severe, stabbing pain over the 
face ls of unknown cause and Involves the pain fibers of the 
trigeminal nerve. Pain is felt most commonly over the skin 
areas innervated. by the mandibular and maxillary divisions 
of the b1gemlna1 nerve; only rarely Is pain felt In the area 
supplled by the ophthalmic division. 

Fadal Nerve 
The facial nerve suppltes the muscles of facial expression, 
supplies the anterior tw~thirds of the tongue with taste 
fibers, and ls secretomotor to the lacrlmal, submandlbular, 
and subllngual glands. 

To test the facial nerve, the patient Is asked to show 
the teeth by separating the lips with the teeth clenched. 
Normally, equal areas of the upper and lower teeth are 
revealed on both sides. If a lesion of the facial nerve is 
present on one side, the mouth Is distorted. A greater 
area of teeth Is revealed on the side of the Intact nerve, 
since the mouth ls pulled up on that side. Another useful 
test Is to ask the patient to close both eyes firmly. The 
examiner then attempts to open the eyes by gently raJslng 
the patient's upper lids. On the side of the lesion, the orbi· 
cularls ocull ls paralyzed so that the eyelid on that side ls 
easily raised. 

The sensation of taste on each half of the anterior ~ 
thirds of the tongue can be tested by placing smaJI amounts 
of sugar, salt, vinegar, and quinine on the tongue for the 
sweet, salty, sour, and bitter sensations. 

FACIAL NERVE LESIONS 
The facial nerve may be Injured or may become dysfunc
tional anywhere along its Jong course from the brainstem 
to the face. hs anatomical relationship to other structures 
greatly assists In the localization of the lesion. U the 
abducens nerve (supplies the lateral rectus muscle) and 
the facial nerve are not functioning, this would suggest 
a lesion In the pons of the brain. H the vestlbulocochlear 
nerve (for balance and hearing) and the facial nerve are not 
functioning, this suggests a lesion In the Internal acousUc 
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meatus. H the patient is excessively sensitive to sound 
in one ear, the lesion probably involves the nerve to the 
stapedlus muscle, which arises from the facial nerve In 
the fac:laJ canal. 

Loss of taste over the anterior two-thirds of the tongue Indi
cates that the facial nerve Is damaged proximal to the 
point where it gives off the chorda tympani branch in the 
facial canal. 

A firm swelling of the parotld salivary gland associated 
with Impaired function of the facial nerve Is strongly Indic
ative of a cancer of the parotid gland with Involvement of 
the nerve within the gland. 

Deep lacerations of the face may involve branches of 
the facial nerve. 

The part of the facial nucleus that controls the muscles 
of the upper part of the face receives corticonuclear fibers 
from both cerebral hemispheres. Therefore, lt follows that 
with a lesion Involving the upper motor neurons, only the 
muscles of the lower part of the face will be paralyzed 
(Fig. 11-25 [ 1 ]). However, in patients with a lesion of the 
facial nerve motor nucleus or the facial nerve Itself-that 
ls, a lower motor neuron lesion-all the muscles on the 
affected side of the face will be paralyzed (Flg. 11-25 [2]). 
The lower eyelid will droop, and the angle of the mouth 
will sag. Tears will flow over the lower eyelid, and saliva 
will dribble from the comer of the mouth. The patient will 

2 

be unable to close the eye and will be unable to expose the 
teeth fully on the affected side. 

In patients with hemlplegta, the emotional movements 
of the face are usually preserved. Thls Indicates that the 
upper motor neurons controlling these mimetic move
ments have a course separate from that of the main c:ortl· 
cobulbar fibers. A lesion involving this separate pathway 
alone results In a loss of emotional movements, but vol
untary movements are preserved. A more extensive lesion 
will produce both mimetic and voluntary facial paralysis. 

BEU.PALSY 
Bell palsy Is a dysfunction of the facial nerve, as It lies 
within the facial canal; it ls usually unllateraJ. The site of 
the dysfunction will determine the aspects of facial nerve 
function that do not work. 

The swelling of the nerve within the bony canal causes 
pressure on the nerve fibers; this results in a temporary 
loss of function of the nerve, producing a lower motor 
neuron type of facial paralysis. The cause of Bell palsy ls 
not known; it sometimes follows exposure of the face to a 
cold draft. 

Vestlbulocochlear Nerve 
The vestibulocochlear nerve Innervates the utrlcle and 
saccule, which are sensitive to static changes In equilibrium; 

motor neurons (11 and lower motor 
neurons {21. 



the semicircular canals, which are sensitive to changes in 
dynamic equilibrium; and the cochlea, which is sensitive 
to sound. 

VESTIBULAR NERVE FUNCTION DISllJRBANCE 
Disturbances of vestibular nerve function include diz-
2lness (vertigo) and nyatagmoa (see p. 242). Vestibular 
nystagmus Is an uncontrollable rhythmic oscillation of 
the eyes, and the fast phase Is away l'tom the side of the 
lesion. This form of nystagmus ls essentially a disturbance 
in the reflex control of the extraocular muscles, which 
Is one of the functions of the semicircular canaJs. Nor
mally, the nerve Impulses pass reflexly from the canals 
through the vestibular nerve, the vestibular nuclei, and 
the medial longitudinal fasclculus, to the third, fourth, 
and sixth cranial nerve nuclei, which control the extraoc
ular muscles; the cerebellum assists in coordinating the 
muscle movements. 

Vestibular function can be Investigated with caloric 
tests. These Involve the raising and lowering of the tem
perature ln the external auditory meatus, which induces 
convection currents in the endolymph of the semicircular 
canals (principally, the lateral semicircular canal) and stim
ulates the vestibular nerve endings. 

The causes of vertigo include diseases of the laby
rinth, such as M~nl~re disease. Lesions of the vestibular 
nerve, the vestibular nuclei, and the cerebellum can also 
be responsible. Multiple sclerosis, tumors, and vascular 
lesions of the brainstem also cause vertigo. 

COOll.EAR NERVE FUNCTION DISTURBANCE 
Disturbances of cochlear function are manifested as deaf
neeia and lhmltu.. The patient's ability to hear a whispered 
voice or a vibrating tuning fork should be tested; each ear 
should be tested separately. 

Loss of he.arlng may be due to a defect of the audltory
conductlng mechanism In the middle ear, damage to the 
receptor cells In the spiral organ of Corti In the cochlea, a 
lesion of the cochlear nerve, a lesion of the central auditory 
pathways, or a lesion of the cortex of the temporal Jobe. 

Lesions of the internal ear Include M&llae dlseue, 
acute labyrlntbltls, and trauma following head infury. 
Lesions of the cochlear nerve Include tumor (.c:oUltlc 
neuroma) and trauma. Lesions in the central nervous 
system include tum.on of the mldbraln and multiple 
llcleroela. Only bilateral temporal lobe lesions cause 
deafness. 

Glossopharyngeal Nerve 
The glossopharyngeal nerve supplies the stylopharyngeus 
muscle and sends secretomotor Hbers to the parotid gland. 
Sensory fibers innervate the posterior third of the tongue 
for general sensation and taste. 

The integrity of this nerve may be evaluated by testJng 
the patient's general sensation and that of taste on the 
posterior third of the tongue. 

Isolated lesions of the glossopharyngeal nerve are rare 
and usually also involve the vagus nerve. 

VagusNerve 
The vagus nerve Innervates many Important organs, but the 
examination of this nerve depends on testing the function 
of the branches to the pharynx. soft palate, and larynx. 
The pbaryngeal or gag reflex may be tested by touching 
the lateral wall of the pharynx with a spatula. This should 
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Immediately cause the patient to gag; that Is, the pharyn
geal muscles will contract. The afferent neuron of the pha
ryngeal reflex runs ln the glossopharyngeal nerve, and 
the efferent neurons run ln the glossopharyngeal (to the 
stylopharyngeus muscle) and vagus nerves (pharyngeal 
constrictor muscles). Unilateral lesions of the vagus will 
show little or no gag reflex on that side. 

The innervation of the soft palate may be tested by ask
ing the paUent to say "ah.• Normally, the soft palate rises 
and the uvula moves backward ln the midllne. 

All the muscles of the larynx are supplied by the recur
rent laryngeal branch of the vagus, except the cricothyrold 
muscle, which is supplied by the external laryngeal branch 
of the superior laryngeal branch of the vagus. Hoarseness 
or absence of the voice may occur as a symptom of vagal 
nerve palsy. The movements of the vocal cords may be 
tested by means of a laryngoscoplc examination. Lesions 
involving the vagus nerve In the posterior cranial fossa 
commonly Involve the glossopharyngeal, accessory, and 
hypoglossal nerves as well. 

Accessory Nerve 
The accessory nerve supplies the SCM and the trapezlus 
muscles by means of Its spinal root. The patient should 
be asked to rotate the head to one side against resis
tance, causing the SCM of the opposite side to come into 
action. Then, the patient should be asked to shrug the 
shoulders, causing the trape21us muscles to come Into 
action. 

Lesions of the spinal part of the accessory nerve will 
result in paralysis of the SCM and trapezius muscles. The 
SCM muscle will atrophy, causing weakness in turning the 
head to the opposite side. The trape21us muscle will also 
atrophy, causing the shoulder to droop on that side as well 
as weakness and difficulty in raising the arm above the 
horizontal. 

Lesions of the spinal part of the accessory nerve may 
occur anywhere along its course and may result from 
tumors or trauma from stab or gunshot wounds In the 
neck. 

Hypoglossal Nerve 
The hypoglossal nerve supplies the Intrinsic muscles of the 
tongue and the styloglossus, hyoglossus, and genloglossus 
muscles. To test the integrity of the nerve. the patient is 
asked to put out the tongue; in the setting of a lower motor 
neuron lesion, the tonguewm be observed todevtatetoward 
the paralyzed side. The tongue will be smaller on the side of 
the lesion, owing to muscle atrophy, and fasciculation may 
accompany or precede the atrophy. Remember that the 
greater part of the hypoglossal nucleus receives corticonu
clear fibers l'tom both cerebral hemispheres. However, the 
part of the nucleus that supplies the genloglossus receives 
cortlconuclear fibers only from the opposite cerebral hemi
sphere. If a patient has a lesion of the corticonuclear fibers, 
there will be no atrophy or fibrillation of the tongue, and on 
protrusion, the tongue will deviate to the side opposite the 
lesion. (Note that the genloglossus Is the muscle that pulls 
the tongue forward.) 

Lesions of the hypoglossal nerve may occur anywhere 
along Its course and may result from tumor, demyellnatlng 
diseases, syringomyeJia, and vascular accidents. Injury of 
the nerve in the neck may also follow stab and gunshot 
wounds. 
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Cranial Nerve Organization 

• The 12 pairs of cranial nerves leave the brain or 
superior spinal cord and pass through foramlna and 
fissures in the skull. Alt nerves are distributed in the 
head and neck except for cranial nerve X, which also 
supplies structures in the thorax and abdomen. 

• Olfactory, optic, and vestibulocochlear nerves are 
entirely sensory. Oculomotor, trochlear, abducens, 
accessory, and hypoglossal are entirely motor. All 
others cranial nerves are both sensory and motor. 

Cranial Nerve I 

• The olfactory nerves are a series of bipolar cells 
located in the mucous membrane of the nasal cavity 
roof. The projecting olfactory hairs react to odors in 
the air, stimulating the olfactory nerves. 

• Nerves are myelinated by Schwann cells and project 
through the cribriform plate to synapse on mitral 
and tufted cells located In the olfactory bulb. 

• Axons from the mitral and tufted cells form the 
olfactory tract and project to the primary olfactory 
cortex, accomplishing the function of smell. 

• Secondary connections throughout the cortex are 
responsible for appreciation or triggering of emotional 
and autonomic responses to the detected smell. 

Cranial Nerve II 

• Fibers of the optic nerve are the axons of ganglion 
cells from the retina. The optic nerve leaves the 
orbital cavity through the optic canal and unites 
with the nerve of the opposite side to form the optic 
chiasma. 

• The optic tract arises from the optic chiasma, 
carrying axons from the complementary half of each 
eye (i.e., ipsllateral nasal with contralateral temporal). 

• Most fibers of optic tract synapse in the lateral 
genlculate body of the thalamus, which projects to 
the primary visual cortex via the optic radiations. 

• A smaller nwnber of fibers do not synapse In the 
lateral geniculate nucleus, but Instead, project to the 
pretectal nucleus and the superior colliculus, and 
are concerned with light reflexes. 

Cranial Nerve Ill 

• Oculomotor nerve carries somatic and visceral 
motor fibers from the main oculomotor and 
Edinger-Westphal nuclei, respectively. 

• This nerve controls the movement of extraocular 
muscles and the smooth muscle of the iris and 
ciliary muscles for the actions of constriction and 
accommodation. 

• The nerve fibers exit the midbrain in the 
interpeduncular fossa and exit the cranial cavity 
through the superior orbital fissure. 

Cranial Nerve IV 

• The motor fibers from the trochlear nucleus exit the 
mldbraJn posteriorly and Immediately decussate 
with the nerve on the opposite side. 

• The trochlear nerves pass anteriorly around the 
mldbraJn and exit the cranial cavity vta the superior 
orbital fissure to Innervate the superior oblique 
muscle of the eyeball. 

Cranial Nerve V 

• The trigeminal nerve is the largest cranial nerve, 
carrying sensation to the head and motor control to 
the muscles of mastication. 

• The trigeminal nerve has four nuclei: main 
(sensory), spinal (sensory), mesencephalic 
(sensory), and motor. 

• Pain, temperature, touch, and pressure travel along 
axons whose cell bodies are located in the semilunar 
or trigeminal sensory ganglion. 
• The sensations of touch and pressure are 

conveyed by fibers that synapse in the main 
sensory nucleus. 

• The sensations of pain and temperature are 
conveyed by fibers that synapse in the spinal 
nucleus. 

• Proprioceptive fibers from the muscles of the 
face, orbit, mouth, and mastication, synapse ln 
the mesencephalic nucleus 

• The trigeminal nerve Is formed from three major 
nerves: ophthalmic (Vl), maxillary (V~. and 
mandibular (V .;,. 

Cranial Nerve VI 

• The motor fibers from the abducens nerve nucleus 
exit the brainstem at the junction of the pons and 
medulla oblongata. 

• The abducens nerve exits the cranial cavity through 
the superior orbital fissure, to the orbit, where it 
innervates the lateral rectus muscle of the eyeball. 



Cranial Nerve VII 

• The fibers of the facial nerve originate from 
the main motor nucleus, superior saltvatory 
(parasympathetic) and lacrimal (parasympathetic), 
and nucleus of the tractus solltarious (sensory). 

• The motor fibers exit the cranial cavity through 
the internal acoustic meatus where they join the 
sensory root stemming from the gentculate gangllon. 

• The fibers from the motor nucleus Innervate the 
muscles of facial expression, the stapedlus, the 
posterior belly of the digastrlc, and the stylohyold 
muscles. 

• Flbers from the superior saltvatory nucleus supply 
the submandlbular and sublingual salivary glands. 
The lacrlmal nucleus supplles the lacrimal gland. 

• The sensory nucleus receives taste fibers from the 
anterior two-thirds of the tongue. 

Cranial Nerve VIII 

• The vestibulocochlear nerve consists of two parts, 
vestibular nerve and cochlear nerve. 

• The vestibular nerve conducts head positioning 
information from the utricle, saccule, and 
semicircular canals. 

• The cells bodies of these fibers are positioned in 
the vestibular ganglion and project to the vestibular 
nuclear complex, a group of nuclei that transmit 
vestibular information to the cortex and spinal cord. 

• The cochlear nerve consists of bipolar cell bodies 
in the spiral nucleus of the cochlear, with fibers 
conducting cochlear sensations to the anterior and 
posterior cochlear nuclei. 

• Second-order neurons from the cochlear nuclei 
communicate with the posterior nucleus of the 
trapezoid body, which sends a bundle of third-order 
fibers, called the lateral lemniscus, to the inferior 
colliculus and medial geniculate body. From here, 
axons project to the primary auditory cortex of the 
superior temporal gyros. 

Cranial Nerve IX 

• The glossopharyngeal nerve has three nuclei: the 
main motor, inferior salivatory (parasympathetic), 
spinal trigemlnal (sensory), and nucleus of the 
tractus solltarlus (sensory). 

• The motor fibers innervate the stylopharyngeus 
muscles. 

• The parasympathetic fibers Innervate the parotid 
salivary gland. 

Key Concepts 355 

• The sensory fibers from the pharynx and 
posterior third of the tongue synapse in the spinal 
trigeminal nucleus, while the taste and carotid 
sinus and body reflexes synapse in the nucleus 
solitarius. 

• The glossopharyngeal nerve exits the cranial cavity 
through the jugular foramen. 

Cranial Nerve X 

• The vagus has four nuclei: nucleus arnbtguus 
(motor), dorsal nucleus (parasympathetic), spinal 
trlgemlnal (sensory), and nucleus of the tractus 
solltarius (sensory). 

• The motor fibers from the nucleus amblguus 
Innervate the constrictor muscles of the pharynx 
and the intrinsic muscles of the larynx. 

• The sensory fibers conveying taste from the 
epiglottis and visceral afferents from the organs 
synapse in the nucleus solltarlus. Sensation from the 
mucosa of the larynx ends in the spinal nucleus of 
the trlgeminal. 

• Parasympathetic flbers from the dorsal nucleus 
of the vagus are distributed to the Involuntary 
muscle of the bronchi, heart, esophagus, stomach, 
small Intestine, and up to a thlrd of the transverse 
colon. 

• The vagus nerve exits the cranial cavity through the 
jugular foramen. 

Cranial Nerve XI 

• The accessory nerve ls a motor nerve that receives 
efferent fibers from the nucleus ambiguus and the 
anterior gray column of the first five segments of the 
spinal cord. 

• The fibers originating in the gray columns bring 
about movement of the SCM and trapezius muscles. 

• Fibers from the nucleus amblguus run with the 
vagus nerve and are usually attributed to the 
functions of CN X. 

• The accessory nerve exits the cranial cavity through 
the jugular foramen. 

Cranial Nerve XII 

• The hypoglossal nerve is a motor nerve that 
receives its efferent fibers from the hypoglossal 
nucleus and innervates the muscles of the tongue. 

• The hypoglossal nerve exits the medulla oblongata 
between the pyramid and the olive and traverses 
the hypoglossal canal to exit the cranial cavity. 
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Clinical Problem Solving 

I. A 60-year-old woman is seen as an outpatient 
because she has suddenly developed double vision. 
She is watching her favorite television program when 
it suddenly occurs. She has no other symptoms. 
A complete physical examination shows that her 
right eye, when at rest, is turned medially, and she 
Is unable to tum It laterally. A moderate amount of 
glucose ls found in her urine, and she has an abnor
mally elevated blood glucose level. When closely 
questioned, she admits that recently she has noticed 
having to pass water more frequently, especially at 
night. She also says she often feels thirsty. She has 
lost 28 lb during the past 2 years. Using your knowl
edge of neuroanatomy, explain the problem in her 
right eye. Do you think a connection exists between 
her glucosuria, high blood glucose, polyuria, poly
dipsia, and weight loss and her eye condition? 

2. An l~year-0ld man is admitted to the hospital 
unconscious after a serious motorcycle accident. 
A complete physical examination ls performed and 
lateral and anteroposterior radiographs of the skull 
taken, which show that the patient has a fractW'e 
Involving the anterior cranial fossa. It also Is noted 
that he has a slight but continuous blood-stained 
watery discharge from his left nostrll. Three days 
later, he regains consciousness, and a further physi
cal examination reveals that he can no longer smell. 
This ls tested by asking him to recognize the smell 
of coffee, oil of clove, and oil of peppermint. Using 
your knowledge of neuroanatomy, diagnose what 
is wrong with this patient. Is it possible for nor
mal individuals with an acute sense of smell to be 
unable to recognize common scents? Could a tumor 
that had destroyed the olfactory cortex of one cere
bral hemisphere be responsible for the anosmla in 
this patient? 

3. A 72-year-old man with a known history of cere
brovascular problems visits his physician because 
3 days previously, he had begun to have trouble read
ing the paper. He complains that the print started to 
tilt and that he Is beginning to see double. He also 
says that he finds it difficult to see the steps when he 
descends the staircase to the physician's office. On 
physical examination, the patient has weakness of 
movement of the right eye both downward and later
ally. Using your knowledge of neuroanatomy, explain 
this patient's signs and symptoms. If we asswne that 
a cranial nerve nucleus Is the site of the lesion, ts It 
the right one or the left one that is Involved? 

4. A 73-:year-old man consults his physician be<:aUSe he 
Is becoming deaf. His only other complaints are that 
he did not think he was as tall as he used to be, and 
he is annoyed to find that each year he has to buy 
a size larger hat. The physician diagnoses osteltis 
deformans (Paget disease) and explains to the medical 

students that this is a disease of bones Involving bone 
absorption and new bone formation. These bony 
changes lead to enlargement of the skull, deformities 
of the vertebral column, and bowing of the long bones 
of the legs. The physician asks the students whether 
a connection exists between the bone disease and 
the patient's deafness and which other cranial nerve 
they would be particularly interested in testing. How 
would you have answered these questions? 

5. A neurologist is visited by a 25-year-old man who 
complains of a feeling of heaviness in both legs and 
giddiness on walking. On examinatlon, the patient 
has widely disseminated lesions involving the cor
ticospinal tracts, the posterior white colWIUl, and 
the optic nerves. A diagnosis of multiple sclerosis 
is made. This disease of unknown origin primarily 
involves the white matter of the brain and spinal 
cord. Do you think this patient's symptoms of verti
go could be accounted for by this disease? 

6. A 54-year-0ld woman with left-sided hemiplegia is 
examined by a fourth-year medical student. He very 
carefully tests each cranial nerve and notes any 
defects. During the examination, he stands behind 
the patient and gently grasps the trapezlus muscles 
between his fingers and thumbs and asks the patient 
to shrug her shoulders against resistance. He is 
surprised to find no evidence of weakness in either 
trapezlus muscle and no muscle wasting. Would you 
expect to find evidence of weakness or wasting in 
the trapezius muscles of a patient with hemiplegia? 

7. A 35-year~ld man is admitted to the hospital 
with a complaint of severe pain of the right side of 
the forehead and the right eye. The pain started 
3 weeks previously and has progressively increased 
since then. One week ago, he started to see double, 
and this morning, his wife notices that his right eye ls 
turning out laterally: The physician in charge makes a 
careful neurologic workup on this patient and finds 
a lateral deviation of the right eye, dilatation of the 
right pupil with loss of direct and consensual light 
reflexes, paralysis of accommodation on the right, 
and paralysis of all right-sided ocular movement, 
except laterally. He initially advises the patient to 
have computed tomography and magnetic reso
nance imaging scans of the skull and later orders a 
right-sided carotid arteriogram. The film shows an 
aneurysm of the internal carotid artery on the right 
side. Explain the signs and symptoms of this patient. 
Relate the signs and symptoms to the aneurysm. 

8. During ward rounds, a neurologist demonstrates 
the signs and symptoms of neurosyphllls to a group 
of students. The patient ls a 62-year-old man. The 
physician asks the students to note that both the 
patient's pupils are small and fixed and are not 
altered by shining a light in the eyes or shading the 



eyes. However, the pupils narrow when the patient 
is asked to look from a distant object to the tip of 
his nose. Moreover, the pupils dilate again when he 
is looking Into the distance. "This Is a good example 
of the Argyll Robertson pupil," said the physician. 
Using your knowledge of neuroanatomy, explain 
this curious pupillary reaction. 

9. Describe the effects of a lesion at the following 
points along the visual pathway of the right eye: 
(a) Section of the right optic nerve 
(b) Mldline section of the optic chiasma 
(c) Section of the right optic tract 
(d) Section of the right optic radiation 
(e) Destruction of the cortex of the right occipital 

pole 
10. A 58-year-old woman Is diagnosed as having an 

advanced carcinoma of the nasopharynx with neo
plastic infiltration of the posterior cranial fossa 
How do you test for the integrity of the 9th, 10th, 
and 11th cranial nerves? 

11. A 32-year-old woman with syringomyelia is found 
on physical examination to have impairment of 
appreciation of pain and temperature of the face 
but preservation of light touch. Using your knowl
edge of neuroanatomy, explain this dissociated 
sensory loss In the face. 
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12. A 51-year-old man complalnlng of an agonizing, stab
bing pain over the middle part of the right side of his 
face is seen in the emergency department. The stabs 
last a few seconds and are repeated several times. 
"The pain is the worst I have ever experienced," he 
tells the physician. A draft of cold air on the right side 
of his face or the touching of a few hairs in the right 
temporal region of his scalp can trigger the pain. The 
patient has no other complaints and says he feels 
otherwise very fit. A complete physical examination of 
the cranial nerves reveals nothing abnormal. In partic
ular, no evidence of sensory or motor loss of the right 
trigemlnal nerve ls seen. The patient Indicates the area 
on the right side of his face In which he is experienc
ing the pain; It Is seen to be in the distribution of the 
maxillary division of the trigeminal nerve. Using your 
knowledge of neuroanatomy, make the diagnosis. 

13. A physician turned to a group of students and says, 
"I think this patient has an advanced neoplasm in 
the posterior cranial fossa with involvement of the 
medulla oblongata and in particular the nuclei of 
the vagus nerve." What are the nuclei of the vagus 
nerve? Is It possible to have abnormal movements 
of the vocal cords In a patient with hemlplegia? ls it 
possible to have a solitary lesion of the vagal nuclei 
without Involvement of other cranial nerve nuclei? 

Answers and Explanations to Clinical Problem Solving 

1. The medial strabismus of her right eye, the diplo
pia, and the inability to turn the right eye laterally 
were due to paralysis of the right lateral rectos 
muscle caused by a lesion of the abducens nerve. 
Yes, a connection exists between the eye condition 
and the other symptoms. The glucosurla, high 
blood glucose, polyuria, polydipsla, and weight 
loss are the classic signs and symptoms of diabetes 
mellltus. The lesion of the abducens nerve was an 
example of diabetic neuropathy, a complication 
of untreated or poorly treated diabetes. Once the 
patient's diabetes was carefully controlled, the right 
lateral rectus palsy disappeared after 3 months. 

2. This man suffered from anosmia secondary to a lesion 
involving both oHactory tracts. The watery discharge 
from the nose was due to a leak of cerebrospinal fluid 
through the fractured cribriform plate of the ethmoid 
bone. It was the fracture and the associated hemor
rhage that had damaged both olfactory tracts. Yes, 
many normal persons with an acute sense of smell 
cannot name common scents. No, a lesion of one 
oHactory cortex cannot produce complete anosmia 
because both olfactory tracts communicate with 
each other through the anterior commissure. 

3. This patient has a paralysis of the right superior 
oblique muscle resulting from a lesion of the troch
lear nerve. Since the trochlear nerves decussate 
on emergence from the midbraln, the left trochlear 
nucleus is the site of the lesion. This patient had 
a thrombosis of a small artery supplying the left 

trochlear nucleus. The difficulty in reading, the diplo
pia, and the difficulty in walking down stairs were due 
to the paralysis of the right superior oblique muscle. 

4. As the result of the great Increase In the thickness 
of the bones due to new bone formation in osteltis 
deformans, mental deterioration may occur owing 
to compression of the cerebral hemispheres. Those 
cranial nerves that pass through relatively small 
foramina in the skull are Ukely to be compressed 
by the new bone growth. The nerves common
ly involved are the vestibulocochlear and facial 
nerves, following narrowing of the internal acoustic 
meatus. The olfactory and optic nerves also may 
be compressed as they pass through the cribriform 
plate and the optic canal, respectively. 

5. Yes. Multiple sclerosis may affect white matter 
In widely disseminated areas of the central ner
vous system. Although remissions may occur, It Is 
Inevitably 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 vestib
ular nuclei beneath the floor of the fourth ventricle 
was involved in the disease process. 

6. No. 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 
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a left-sided hemlplegta. For a muscle to atrophy 
(except for disuse atrophy), the Integrity of the 
monosynaptlc reflex arc must be destroyed. This 
was not the case 1n this patient. 

7. The severe pain over the forehead and the right eye 
was due to Irritation of the ophthalmic division of the 
trigeminal nerve by the slowly expanding aneurysm of 
the internal carotid artery as it was lying in the cavern
ous sinus. The double vision ( diplopia) and the lateral 
deviation of the right eye were due to the unopposed 
action of the lateral rectus muscle {supplied by the 
abduce11S nerve). The dilatation of the right pupil with 
loss of direct and consensual light reDexes, paralysis 
of accommodation, and paralysis of all right-sided 
ocular movement except laterally were due to pres
sure on the right oculomotor nerve by the aneurysm. 
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 (abducens nerve) and that the 
lnferolateral 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 parasympathetic 
oculomotor nuclei on both sides of the midbrain. 
This lesion effectively destroys the direct and con
sensual light reilexes of both eyes but leaves the 
pathway for the accommodation reflex intact. (For 
details of pathway, see p. 329.) 

9. A lesion will have the following effects along the 
visual pathway of the right eye: 
(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 
third of the tongue with fibers that subserve conunon 
sensations and taste. This may be tested easily. The 
vagus nerve, by means of its pharyngeal branch, 

8 Review Questions 

Directions: Each of the numbered items in this section 
is followed by answers. Select the ONE lettered answer 
that is CORRECT. 

1. The cranial nerve nuclei listed below have the fol
lowing descending tracts terminating on them: 
(a) The inferior salivatory nucleus of the glosso

pharyngeal nerve receives descending tracts 
from the thalamus. 

supplies many muscles of the soft palate, and these 
may be tested by asking the patient to say "ah" and 
observing that normally the 1Mlla Is elevated In the 
mldline. A lesion of the vagus nerve would result 1n the 
1Mlla being elevated to the opposite side. 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 her shoulders 
by using the trapezius muscles or to rotate her head 
so that she looks upward to the opposite side by 
contracting the sternocleidomastoid muscles. Both 
muscles are innervated by the spinal part of the 
accessory nerve. 

11. The afferent fibers entering the central nervous 
system through the trlgemlnal nerve pass either to 
the main sensory nucleus 1n the pons or to the spi
nal nucleus situated In the medulla oblongata and 
the first two cervical segments of the spinal cord. 
The sensations of touch and pressure are served 
by the main sensory nucleus, while those of pain 
and temperature are served by the more inferiorly 
placed spinal nucleus. In this patient, the lesion of 
syringomyelia was situated in the medulla oblonga
ta and the cervical part of the spinal cord, and the 
main sensory nucleus in the pons was intact. 

12. This patient exhibited the classic history of right-sided 
trigeminal neuralgia involving the ma:xillary division of 
that cranial nerve. The temporal region of the scalp, 
supplied by the awiculotemporal branch of the man
dibular dMslon of that nerve, was the trigger area for 
the Initiation of the Intense pain. Clearly; lmowledge of 
the distribution of the branches of the trigemlnal nerve 
and the diseases that can affect this nerve Is essential 
for a physician to be able to make the diagnosis. 

13. The vagal nuclei are the (a) main motor nucleus, 
(b) parasympathetic nucleus, and (c) sensory nucle
us. The main motor and parasympathetic nuclei are 
controlled by both cerebral hemispheres; thus, 
hemiplegia will have no effect on the movement of 
the vocal cords. The vagal nuclei are practically con
tinuous with the nuclei of the glossopharyngeal and 
accessory nerves, and these usually are Involved 
together in lesions of the medulla oblongata. 

(b) The nucleus of the abducens nerve receives 
only crossed corticobulbar tracts. 

( c) The nucleus of the facial nerve supplying the 
muscles of the lower part of the face receives 
only crossed cortlcobulbar tracts. 

( d) The trigemlnal motor nucleus receives only 
uncrossed corticobulbar tracts. 

(e) The nucleus of the trochlear nerve receives 
only crossed corticobulbar tracts. 



2. The nuclei associated with the facial nerve include 
the following: 
(a) Spinal nucleus 
(b) Inferior salivatory nucleus 
(c) Nucleus ambiguus 
( d) Main sensory nucleus 
( e) Lacrimal nucleus 

3. A patient with unilateral upper motor neuron paral
ysis of the facial muscles can smile with both sides 
of his face in response to a joke but not voluntarily. 
This can be explained by the following facts: 
(a) The main corticobulbar fibers controlling vol

untary movement of the facial muscles have 
been preserved. 

(b) Reticular fibers, possibly originating in the hypo
thalamus and descending to the motor nuclei 
of the facial nerves, are damaged. 

(c) The facial nerves are damaged. 
(d) The muscles producing mimetic movements 

of the face are innervated by corticobulbar 
fibers that have a course separate from the main 
corticobulbar fibers. 

(e) A lesion involving the lower motor neurons is 
present. 

Directions: Each of the numbered items or incomplete 
statements in this section is followed by answers or by 
completions of the statement. Select the ONE lettered 
answer or completion that is BEST in each case. 

4. Which of the following structures participates in 
the reception of sound? 
(a) Trapezoid body 
(b) Medial lemniscus 
(c) Nucleus of the trlgeminal lemnlscus 
( d) Inferior temporal gyrus 
(e) Lateral genlculate body 

5. The cerebral cortex is necessary for which of the 
following visual reflexes? 
(a) Corneal reflex 
(b) Accommodation reflex 
( c) Consensual light reflex 
(d) Pupillary light reflex 
(e) Visual body reflex 

6. The nasal field of the right eye is projected to the: 
(a) left lateral geniculate body. 
(b) both banks of the left calcarine fissure. 
(c) left optic tract. 
( d) temporal retina of the right eye. 
(e) left optic radiation. 

7. Right pupillary constriction associated with light 
directed at the left eye requires the: 
(a) right optic radiation. 
(b) left optic nerve. 
(c) left Edinger-Westphal nucleus. 
( d) left oculomotor nerve. 
(e) right optic nerve. 

8. Select the lettered statement concerning the hypo
glossal nerve that is correct: 
(a) A lesion involving the hypoglossal nerve will 

result in deviation of the tongue toward the 

Review Questions 359 

same side as the lesion when the tongue is 
protruded. 

(b) The hypoglossal nerve conducts taste impulses 
from the posterior third of the tongue. 

(c) The hypoglossal nerve emerges from the brain
stem between the olive and the inferior cerebel
lar peduncle. 

(d) The hypoglossal nerve carries with it fibers 
from the third and fourth cervical nerves. 

( e) The fibers of the accessory nerve wind around 
the motor nucleus of the hypoglossal nerve 
beneath the floor of the fourth ventricle. 

9. Select the lettered statement concerning the trigem
inal nuclei that is correct: 
(a) The main sensory nucleus lies within the 

medulla oblongata. 
(b) The spinal nucleus extends Inferiorly as far as 

the fifth cervical segment. 
(c) Proprioceptive Impulses from the muscles of 

mastication reach the mesencephalic nucleus 
along fibers that are part of the unipolar neu
rons of the nucleus. 

(d) The sensations of pain and temperature termi
nate In the main sensory nucleus. 

(e) The trigeminal lemniscus contains only efferent 
fibers from the ipsilateral sensory nuclei of the 
trigeminal nerve. 

Directions: Each of the numbered Items in this section 
is followed by answers. Select the ONE lettered answer 
that is CORRECT. 

10. The cranial nerves listed below are associated with 
the following functions: 
(a) The spinal part of the accessory nerve shrugs the 

shoulder. 
(b) The oculomotor nerve closes the eye. 
( c) The trlgeminal nerve Is responsible for swal

lowing. 
( d) The facial nerve receives the sensation of taste 

from the posterior two-thirds of the tongue. 
(e) The glossopharyngeal nerve receives the sensa

tion of touch from the anterior third of the tongue. 
11. The following statements concern the cranial 

nerves involved in the process of vision: 
(a) The nerve fibers of the optic nerve are sur

rounded by Schwann cells. 
(b) The optic nerve is surrounded by an extension 

of the subarachnoid space. 
(c) Internal ophthalmoplegia is a condition in 

which the oculomotor nerve supply to the dila
tor pupillae is lost, but the innervation of the 
extraocular muscles is spared. 

( d) External ophthalmoplegla is a condition In which 
the oculomotor nerve supply to the extraocular 
muscles is spared, but the innervation of the 
sphincter pupillae and the ciliary muscle is 
lost. 

(e) The optic nerve leaves the orbital cavity 
through the optic canal in the greater wing of 
the sphenoid bone. 
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12. The following statements concern the cranial 
nerves listed below: 
(a) The main sensory nucleus of the trigemlnal 

nerve Iles In the bralnstem medial to the motor 
nucleus. 

(b) Proprioceptive Impulses from the facial mus
cles end in the mesencephalic nucleus of the 
facial nerve. 

(c) The facial nerve leaves the posterior cranial 
fossa with the vestibulocochlear nerve by pass
ing through the stylomastoid foramen. 

( d) The superior salivatory nucleus of the facial 
nerve Innervates the parotld salivary gland. 

(e) The olfactory receptor cells are located ln the 
mucous membrane of the nasal cavity above 
the level of the superior concha. 

Dlrectlons: Each case history ls followed by questions. 
Read the case history, then select the ONE BEST let
tered answer. 

A 64-year-old man visited his physician because he had 
noticed a swelling on the right side of his neck. He men
tioned that he had suffered from a chronic cough for 6 
months and was rapidly losing weight. 

13. On physical examination, the following possible 
signs emerged except: 
(a) The right half of his tongue was wrinkled and 

wasted. 
(b) When he was asked to protrude his tongue, lt 

turned to the right. 
(c) The swel11ng on the right side of his neck was 

hlgh up deep to the right stemocleidomastold 
muscle and was hard and fixed. 

( d) A chest radiograph revealed an advanced bron
chogenic carcinoma of the right lung. 

( e) The patient had no taste sensation on the ante
rior two-thirds of the tongue on the right side. 

14. The physician made the following correct conclu
sions except 
(a) The patlent had numerous lung metastases in 

the deep cervical lymph nodes on the right side. 
(b) A lesion of the right hypoglossal nerve existed at 

some point between the nucleus in the medulla 
oblongata and the tongue muscles supplied. 

(c) One of the metastases had invaded the right 
hypoglossal nerve in the neck. 

( d) The loss of weight could be explained by the 
presence of the advanced carcinoma in the lung. 

( e) The tongue was wrinkled because the mucous 
membrane was atrophied. 

Directions: Each of the numbered incomplete state
ments in this section is followed by completions of the 
statement. Select the ONE lettered completion that is 
BEST in each case. For questions 15 through 23, study 
Figure 11-26, showing the inferior view of the brain. 

15. Structure number I ls the: 
(a) olfactory tract. 
(b) olfactory nerve. 

Figure 11·26 Inferior view of 1he brain. 

(c) anterior cerebral artery. 
( d) olfactory bulb. 
(e) inferior frontal gyrus. 

16. Structure number 2 is the: 
(a) inferior frontal gyrus. 
(b) lateral olfactory stria. 
(c) olfactory nerve. 
( d) olfactory bulb. 
(e) olfactory tract. 

11. Structure number 3 ls the: 
(a) optic nerve. 
(b) optic chlasma. 
(c) anterior perforating substance. 
( d) optic tract. 
(e) oculomotor nerve. 

18. Structure number 4 is the: 
(a) optic nerve. 
(b) optic tract. 
(c) optic chiasma. 
( d) hypophysls cerebri. 
(e) lnterpeduncular fossa. 

19. Structure number 5 ls the: 
(a) anterior perforated substance. 
(b) oculomotor nerve. 
(c) maxillary nerve. 
( d) middle cerebral artery. 
(e) optic tract. 

20. Structure number 6 is the: 
(a) vertebral artery. 
(b) spinal part of the accessory nerve. 
(c) hypoglossal nerve. 
( d) glossopharyngeal nerve. 
(e) first cervical nerve. 



21. Structure number 7 ls the: 
(a) ophthalmic nerve. 
(b) motor root of the trtgemlnal nerve. 
(c) sensory root of the trlgemlnal nerve. 
(d) flocculus of the cerebellum. 
(e) vestibulocochlear nerve. 

22. Structure number 8 is the: 
(a) motor root of the trigeminal nerve. 
(b) sensory root of the trigemlnal nerve. 
( c) vestibular part of the eighth cranial nerve. 
(d) maxillary nerve. 
(e) abducens nerve. 

23. Structure number 9 Is the: 
(a) trochlear nerve. 
(b) abducens nerve. 
( c) facial nerve. 
( d) oculomotor nerve. 
(e) vestibulocochlear nerve. 

For questions 24 through 29, study Figure 11-27, show
ing a medial view of the right side of the brain following 
a median saglttal section. 

24. Structure number 1 is the location of the nucleus 
of the: 
(a) abducens nerve. 
(b) trochlear nerve. 
(c) trlgeminal nerve. 
(d) facial nerve. 
(e) oculomotor nerve. 

25. Structure number 2 is the location of the nucleus 
of the: 
(a) trlgemlnal nerve. 
(b) trochlear nerve. 
(c) abducens nerve. 
( d) oculomotor nerve. 
(e) vestibulocochlear nerve. 

26. Structure number 3 is the: 
(a) oculomotor nerve. 
(b) trochlear nerve. 
(c) trlgemlnal nerve. 
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Figure 11-27 Medial view of the right side of the brain 
following a median sagittal section. 

(d) abducens nerve. 
(e) facial nerve. 

27. Structure number 4 ls the: 
(a) trochlear nerve. 
(b) oculomotor nerve. 
(c) trlgeminal nerve. 
( d) facial nerve. 
( e) abducens nerve. 

28. Structure number 5 is the: 
(a) lamina terminalis. 
(b) oculomotor nerve. 
(c) trochlear nerve. 
( d) abducens nerve. 
( e) optic chiasma. 

29. Structure number 6 is the: 
(a) oHactory bulb. 
(b) Crista galli. 
(c) oHactory stria. 
(d) anterior cerebral artery. 
(e) inferior frontal gyrus. 

9 Answers and Explanations to Review Questions 

l. C is correct. The nucleus of the facial nerve supply
ing the muscles of the lower part of the face receives 
only crossed cortlcobulbar tracts (see Fig. 11-25). A. 
The inferior sallvatory nucleus of the glossopha
ryngeal nerve receives descending tracts from the 
hypothalamus. B. The nucleus of the abducens 
nerve receives crossed and uncrossed corticobul
bar tracts. D. The trigeminal motor nucleus receives 
crossed and uncrossed corticobulbar tracts. E. The 
nucleus of the trochlear nerve receives crossed and 
uncrossed corticobulbar tracts. 

2. E Is correct. The lacrtmal nucleus forms part of the 
group of facial nuclei. A. The trlgeminal nerve has 
a spinal nucleus. B. The inferior saltvatory nucleus 
forms part of the glossopharyngeal nuclei. C. The 

nucleus amblguus ls the motor nucleus associated 
with the 9th, 10th, and cranial part of the 11th crani
al nerves. D. The facial nerve has a sensory nucleus 
for taste. 

3. D Is correct. In this patient, the muscles producing 
the mimetic movements of the face are innervated 
by corticobulbar fibers that have a course sepa
rate from that of the main corticobulbar fibers. 
A. The main corticobulbar fibers controlling the 
movements of the voluntary facial muscles in 
this patient have been destroyed. B. The reticular 
fibers, possibly originating in the hypothalamus 
and descending to the motor nuclei of the facial 
nerves, are Intact. C. The facial nerves are intact 
since this patient ls able to move the facial muscles. 
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E. The lower motor neurons of the facial nerve sup
plying the facial muscles are intact. 

4. A is correct. The trapezoid body participates in the 
reception of sound. 

5. B is correct. The cerebral cortex is necessary for 
the accommodation reflex. 

6. D is correct. The nasal field of the right eye is pro
jected to the temporal retina of the right eye. A. The 
nasal field of the right eye is projected to the right 
lateral geniculate body (see Fig. 11-2). B. The nasal 
field of the right eye is projected to both banks of 
the right calcarlne fissure (see Fig. 11-2). C. The 
nasal field of the right eye is projected through the 
right optic tract (see Fig. 11-2). E. The nasal field of 
the right eye is projected through the right optic 
radiation (see Fig. 11-2). 

7. B is correct. The right pupillary constriction asso
ciated with light directed at the left eye requires 
the left optic nerve (see Fig. 11-3). A. The right 
optic radiation is not required (see Fig. 11-3). C. 
The left Edinger-Westphal nucleus is not required 
(see Fig. 11-3). D. The right oculomotor nerve is 
required (see Fig. 11-3). E. The right optic nerve is 
not required (see Fig. 11-3). 

8. A is correct. 
9. C Is correct. 

10. A is correct. The spinal part of the accessory nerve 
supplies the trapezius muscle, which shrugs the 
shoulder. B. The facial nerve supplies the orbicu
laris oculi muscle, which closes the eye. C. The 
trigeminal nerve supplies the muscles of mastica
tion responsible for chewing. D. The facial nerve 
receives the sensation of taste from the anterior 
two-thirds of the tongue. E. The glossopharyngeal 
nerve receives the sensation of touch from the pos
terior third of the tongue. 

11. B is correct. The optic nerve is surrounded by an 
extension of the subarachnoid space. A. The nerve 
fibers of the optic nerve are surrounded by oligoden
drocytes. C. Internal ophthalrnoplegla Is a condition 
in which the oculomotor nerve supply to the sphinc
ter pupillae and the ciliary muscle is lost, but the 
Innervation of the extraocular muscles is spared. D. 
External ophthalmoplegia is a condition in which the 
oculomotor nerve supply to the extraocular muscles 
is lost, but the innervation of the sphincter pupillae 
and the ciliary muscle is spared. E. The optic nerve 
leaves the orbital cavity through the optic canal in 
the lesser wing of the sphenoid bone. 

12. Eis correct. The olfactory receptor cells are located 
in the mucous membrane of the nasal cavity above 
the level of the superior concha. A. The main senso
ry nucleus of the trigeminal nerve lies in the brain
stem lateral to the motor nucleus (see Fig. 11-7). 
B. Proprioceptive impulses from the facial muscles 

end in the mesencephalic nucleus of the trigemi
nal nerve. C. The facial nerve leaves the posterior 
cranial fossa with the vestibulocochlear nerve and 
enters the internal acoustic meatus. D. The superior 
salivatory nucleus of the facial nerve Innervates the 
submandibular and sublingual salivary glands. 

13. E is correct. The taste sensation from the mucous 
membrane covering the anterior two-thirds of the 
tongue is conducted in the facial nerves and the 
chorda tympani nerves, which are a considerable 
distance from the metastases in the deep cervical 
lymph nodes in the neck. 

14. E is correct. The wasted right half of the tongue 
and the pointing of the protruded tongue to the 
right side indicated a lesion of the right hypoglossal 
nerve. The tongue muscles on the right side had 
atrophied and diminished in size, resulting In the 
wrinkling of the overlying normal mucous mem
brane. 

The answers to questions 15 through 23 pertain 
to Figure 11-26, which shows the inferior view of 
the brain. 

15. D is correct. Structure number 1 is the olfactory 
bulb. 

16. E is correct. Structure number 2 is the olfactory tract. 
17. A is correct. Structure number 3 is the optic nerve. 
18. D is correct. Structure number 4 is the hypophysis 

cerebri. 
19. Eis correct. Structure number 5 is the optic tract. 
20. B is correct. Structure number 6 is the spinal part of 

the accessory nerve. 
21. C is correct. Structure number 7 is the sensory root 

of the trigemlnal nerve. 
22. A is correct. Structure number 8 is the motor root of 

the trigeminal nerve. 
23. D is correct. Structure number 9 is the oculomotor 

nerve. 
The answers to questions 24 through 29 per

tain to Figure 11-27, showing a medial view of the 
right side of the brain following a median sagittal 
section. 

24. E is correct. Structure number 1 is the nucleus of 
the oculomotor nerve in the tegmentum of the mid
brain at the level of the superior colliculus. 

25. B is correct. Structure number 2 is the nucleus of 
the trochlear nerve in the tegmentum of the mid
brain at the level of the Inferior colllculus. 

26. C is correct. Structure number 3 is the trigeminal 
nerve emerging on the anterior surface of the pons. 

27. Bis correct. Structure number 4 is the oculomotor 
nerve emerging from the anterior surface of the 
midbrain in the interpeduncular fossa. 

28. Eis correct. Structure number 5 is the optic chiasma. 
29. A is correct. Structure number 6 Is the olfactory 

bulb. 



Thalamus 

CHAPTER OBJECTIVE 

• To review the thalamus, a very complex area of the 
nervous system 

• To emphasize that the thalamus lies at the center of 
many afferent and efferent neuronal loops to other 
parts of the nervous system 

A 61-year-old man with hypertension is seen in the emer
gency department. having apparently suffered a stroke. A 
neurologist is called and makes a complete examination of 
the patient. The patient is conscious and is unable to feel 
any sensation down the right side of his body. No evidence 
of paralysis is noted on either side of the body, and the 
reflexes are norm al. The patient is admitted to the hospital 
for observation. 

Three days later, the patient appears to be improving, 
and return of sensation is evident on the right side of his 
body. The patient, however, seems to be excessively sen
sitive to testing for sensory loss. On light pinprick on the 
lateral side of the right leg, the patient suddenly shouts out 
because of excruciating buming pain, and he asks that the 
examination be stopped. Although the patient experiences 
very severe pain with the mildest stimulation, the threshold 

The thalamus Is situated. at the rostral end of the brain
stem and functions as an important relay and integra
tive station for Information passing to all areas of the 
cerebral cortex, the basal ganglia, the hypothalamus, 
and the brainstem. 

GENERAL APPEARANCE 
The thalamus is a large, egg-shaped mass of gray matter 
that forms the major part of the diencephalon. There are 
two thalami, and one is situated on each side of the third 
ventricle (Fig. 12--1; see also Fig. 7-3 and Atlas Plates 4, 
5, and 8). The anterior end of the thalamus Is narrow 
and rounded and forms the posterior boundary of the 
interventrlcular foramen. The posterior end Is expanded 

• To review some of the common clinical problems 
involving the thalamus 

for pain sensitivity is raised, and the interval between apply
ing the pinprick and the start of the pain is longer than 
normal; also, the pain persists after the stimulus has been 
removed. Moreover, the patient volunteers the information 
that the pain appears to be confined to the skin and does 
not involve deeper structures. Later, heat and cold stimu
lation are found to cause the same degree of discomfort. 

The neurologist makes the diagnosis of analgesia 
dolorosa or Dejerin~Roussy syndrome involving the left 
thalamus. This condition of thalamic overreaction is most 
commonly caused by infarction of the lateral nuclei of the 
thalamus due to hypertensive vascular disease or throm
bosis. Understanding the functional role of the thalamus 
in the sensory system and knowing the central connec
tions of the thalamus are necessary in making a diagnosis 
of thalamic disease. 

to form the pulvlnar, which overhangs the superior 
colliculus (Fig. 12--2). The inferior surface is continuous 
with the tegmentum of the midbrain. The medial sur
face of the thalamus fonns part of the lateral wall of the 
third ventricle and ls usually coMected. to the opposite 
thalamus by a band of gray matter, the lnterthalamlc 
connection (tnterthalamlc adhesion). 

SUBDIVISIONS 
The thalamus Is covered on Its superior surface by a 
thin layer of white matter, called the lb'atum. zonale, 
and on Its lateral surface by another layer, the external 
medullary lamina (see Fig. 12--1). The gray matter of the 
thalamus is divided by a vertical sheet of white matter, 

363 
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the IDtemal medullary lamlna, into medial and lateral 
halves (Fig. 12-3; also see Fig. 12-1). The internal med
ullary lamina consists of nerve fibers that pass from 
one thalamic nucleus to another. Anterosuperiorly. the 
internal medullary lamina splits. resembling a Y shape. 
The thalamus thus is subdivided into three main parts; 
the anterior part lies between the limbs of the Y. and the 
medial and lateral parts Ile on the sides of the stem of 
the Y (see Fig. 12-3). 

Each of the three parts of the thalamus contains a group 
of thalamfc nucleJ. Moreover, smaller nuclear groups are 
situated. within the Internal medullary lamina. and some are 
located on the medial and lateral surfaces of the thalamus. 

Anterior Part 
The anterior part of the thalamus contains the ante
rior fhaJamlc nuclei. They receive the mammillotha
lamlc tract from the mammillary nuclei. These anterior 

thalamic nuclei also receive reciprocal connections 
with the clngulate gyrus and hypothalamus. The func
tion of the anterior thalamlc nuclei is closely associated 
with that of the limbic system and is concerned with 
emotional tone and the mechanisms of recent memory. 

Medial Part 
The medial part of the thalamus contains the large 
donomedlal nudeu.s and several smaller nuclei. The 
dorsomedial nucleus has two-way connections with the 
whole prefrontal cortex of the frontal lobe of the cere
bral hemisphere. It also has similar connedions with the 
hypothalamic nuclei. It is interconneded with all other 
groups of thalamic nuclei. The medial part of the thala
mus is responsible for the integration of a large variety 
of sensory information, including somatic, visceral, and 
olfactory lnformatlon, and the relation of this Informa
tion to one's emotional feelings and subjective states. 
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Lateral Part 
The nuclei are subdivided into a dorsal tier and a ven
tral tier. 

DorsalTier 
The dorsal tier includes the lateral donal nucleus, the 
lateral posterior nucleus, and the pulvinar. The details 
of the connections of these nuclei are not clear. They 
are known, however, to have interconnections with 
other thalamic nuclei and with the parietal lobe, cingu
Iate gyrus, and occipital and temporal lobes. 

Ventral Tier 

The ventral tier consists of the following nuclei in a 
craniocaudal sequence: 

1. Ventral anterior nucleus. This nucleus is connected 
to the reticular formation, the substantia nigra, the 
corpus striatum, and the premotor cortex as well 
as to many of the other thalamic nuclei. Since this 
nucleus lies on the pathway between the corpus stria
tum and the motor areas of the frontal cortex, it prob
ably influences the activities of the motor cortex. 

2. Ventral lateral nucleus. This nucleus has connec
tions similar to those of the ventral anterior nucleus 
but, In addition, has a major input from the cerebel
lum and a minor input from the red nucleus. Its main 
projections pass to the motor and premotor regions 
of the cerebral cortex. Here again, this thalamic 
nucleus probably influences motor activity. 

3. Ventral posterior nuclem. This nucleus is subdivided 
into the ventral post.eromedlal nucleus and the ven
tral poeterolateral nucleus. The ventral posterome
dial nucleus receives the ascending trigeminal and 
gustatory pathways, while the ventral posterolateral 
nucleus receives the important ascending sensory 
tracts, the medial and spinal lemnisci. The thalamo
cortical projections from these important nuclei pass 
through the posterior limb of the internal capsule and 
corona radiata to the primary somatic sensory areas of 
the cerebral cortex in the post central gyrus (areas 3, 1, 
and 2). 

Other Nudei 
Other thalamic nuclei include the intralaminar nuclei, 
the midline nuclei, the reticular nucleus, and the medial 
and lateral geniculate bodies. 

The lntralamlnar nuclei are small collections of nerve 
cells within the internal medullary lamina They receive 
afferent fibers from the reticular formation as well as 
fibers from the spinothalamic and trigeminothalamic 
tracts; they send efferent fibers to other thalamic nuclei, 
which in tum project to the cerebral cortex, and fibers to 
the corpus striatum. The nuclei are believed to influence 
the levels of consciousness and alertness ln an Individual. 

The mid.line nuclei consist of groups of nerve cells 
adjacent to the third ventricle and in the interthalamic 
connection. They receive afferent fibers from the retic
ular formation. Their precise functions are unknown. 

The reticular nucleus is a thin layer of nerve cells 
sandwiched between the external medullary lamina 
and the posterior limb of the internal capsule. Afferent 
fibers converge on this nucleus from the cerebral cor
tex and the reticular formation, and Its output ls mainly 
to other thalamic nuclei. The function of this nucleus 
is not fully understood, but it may be concerned with 
a mechanism by which the cerebral cortex regulates 
thalamic activity. 

The medial genlculate body forms part of the audi
tory pathway and is a swelling on the posterior surface 
of the thalamus beneath the pulvinar. Afferent fibers to 
the medial geniculate body form the Inferior brachium 
and come from the inferior colllculus. It should be 
remembered that the inferior colllculus receives the 
termination of the fibers of the lateral lemniscus. The 
medial geniculate body receives auditory information 
from both ears but predominantly from the opposite ear. 

The efferent fibers leave the medial geniculate body 
to form the auditory radiation, which passes to the audi
tory cortex of the superior temporal gyrus. The lateral 
genlculate body forms part of the visual pathway and is 
a swelling on the undersurface of the pulvinar of the thal
amus. The nucleus consists of six layers of nerve cells 
and is the terminus of all but a few fibers of the optic 
tract (except the fibers passing to the pretectal nucleus). 
The fibers are the axons of the ganglion cell layer of the 
retina and come from the temporal half of the ipsilateral 
eye and from the nasal half of the contralateral eye, the 
latter's fibers crossing the midline in the optic chiasma. 
Each lateral geniculate body, therefore, receives visual 
information from the opposite field of vision. 

The efferent fibers leave the lateral geniculate body 
to form the visual radiation, which passes to the visual 
cortex of the occipital lobe. 

CONNECTIONS 
The following important neuronal loops exist between 
the thalamlc nuclei and other areas of the central ner
vous system: 

1. Every thalamic nucleus (except the reticular nucleus) 
sends axons to specific parts of the cerebral cortex 
(see Fig. 12-3), and every part of the cerebral cortex 
sends reciprocal fibers back to the thalamic nuclei. 
This would indicate that information received by the 
thalamus is always shared with the cerebral cortex 
and that the cortex and thalamus can modify each 
other's activities. 

2. The thalamus is an important relay station for two sen
sory motor axonal loops involving the cerebellum and 
the basal nuclei: (1) the cerebellar-rubro-thalamic
cortical-ponto-cerebellar loop and (2) the corticostri
atal-pallidal-thalamic-cortical loop, both of which are 
necessary for normal voluntary movement. 

A summary of the various thalamic nuclei, their 
nervous connections, and their functions is provided 
in Table 12-1. The main connections of the various tha
lamic nuclei are summarized in Figure 12-4. 
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Table 12-1 Thalamic Nuclei: Connections and Functions 

Anterior 

Dorsomedial 

Mammillothalamic tract, cingulate~ Cingulate gyrus, 
gyrus, hypothalamus hypotfialamus __ 

Prefrontal cortex. hypothalamus, Prefrontal cortex, 
other thalamic: nuclei hypotfialamus, other 

thalamic: nuclei 

I Emotional tone, mechanisms 
of recent memory 

Integration of somatic:, 
visceral, and olfactory 
information and relation 
to emotional feelings and 
ubjective states 

Lateral dorsal, lateral 
posterior, pulvinar 

I Cerebral cortex, other thalamic: Cerebral cortex, other known -
nuclei _Ghalamic nudei 

Ret~cular formatio~, substantia __ I Re:~c:ular ~rm~ion, uences activity of moto~ 
n19ra, corpus str1atum, premotor substant1a n19ra, corpus cortex 

Ventral anterior 

cortex. other thalamic: nudei striatum, premotor cortex. I 
other thalamic nuclei 

Ventral lateral I As in ventral anterior nucleus but also major input from c:erebellu~ Influences motor activity of 
and minor input from red nucleus motor cortex 

Ventral posteromedial Trigeminal lemniscus, gustatory j Primary somatic: sensory Relays common sensations-
(VPM) fibers (areas 3, 1,and 2} cortex to consciousness 

Ventral posterolateral Medial and spinal lemnisci Primary somatic: sensory Relays common sensations 
(VPU (areas 3, 1, and 2} cortex to consciousness 

lntralaminar Reticular formation, spinothalamic: To cerebral cortex via other Influences levels of 
and trigeminothalamic tracts --i th~lamic nuclei, corpus I consciousness and 

str1atum alertness 

Midline Reticular formation Unknown _J Unknown 

Reticular Cerebral cortex, reticular formation I Other thalamic nuclei I Cerebral cortex regulates 
_J thalamus 

Medial genic:ulate 
body 

Inferior c:ollic:ulus, lateral lemniscus Auditory radiation to Hearing 

Lateral geniculate 
body 

from both .,.. but p,.domlnantly I superior temp°"11 9Y"" 
the c:ontralateral ear 

Optic: tract Optic radiation to visual 1 Visual information from 
cortex of occipital lobe I opposite field of vision 

FUNCTION 

A practicing physician does not need to have a detailed 
knowledge of all the thalamic nuclei and their connec
tions. Although an enormous amount of research has 
been devoted to this area, we still know very little about 
the functional significance of many of the nuclei. 

However, the following basic principles should be 
committed to memory: 

1. The thalamus ls made up of complicated collections 
of nerve cells that are centrally placed in the brain 
and are interconnected. 

2. A vast amount of sensory information of all types 
(except smell) converges on the thalamus and pre
sumably is integrated through the interconnections 
between the nuclei. The resulting information pat
tern Is distributed to other parts of the central 
nervous system. Olfactory Information is probably 
first Integrated at a lower level with taste and other 

sensations and is relayed to the thalamus from the 
amygdaloid complex and hippocampus through the 
mammillothalamic tract. 

3. Anatomically and functionally, the thalamus and the 
cerebral cortex are closely linked. The fiber connec
tions have been established, and, following removal 
of the cortex, the thalamus can appreciate crude 
sensations. However, the cerebral cortex is required 
for the interpretation of sensations based on past 
experiences. For example, lf the sensory cortex is 
destroyed, one can still appreciate the presence of a 
hot object In the hand; however, appreciation of the 
shape, weight, and exact temperature of the object 
would be impaired. 

4. The thalamus possesses certain very important nuclei 
whose connections have been clearly established. 
These include the ventral posteromedial nucleus, the 
ventral posterolateral nucleus, the medial genlculate 
body, and the lateral genlculate body. Their positions 
and connections should be learned. 
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5. The ventroantertor and the ventrolateral nuclei of 
the thalamus form part of the basal nuclei circuit 
and thus are involved in the performance of volun
tary movements. These nuclei receive input from 
the globus pallldus and send fibers to the prefrontal, 
supplemental, and premotor areas of the cerebral 
cortex. 

6. The large dorsomedial nucleus has extensive con
nections with the frontal lobe cortex and hypothal
amus. Considerable evidence suggests that this 

nucleus lies on the pathway that ls concerned with 
subjective feeling states and the personality of the 
lndlvtdual. 

7. The lntralaminar nuclei are closely connected with 
the activities of the reticular formation, and they 
receive much of their information from this source. 
Their strategic position enables them to control the 
level of overall activity of the cerebral cortex. The 
intralaminar nuclei are thus able to influence the lev
els of consciousness and alertness in an individual. 



\9 Clinical Notes 

Lesions 
Because the thalamus is such an important relay and inte
grative center, disease of this area of the central nervous 
system will have profound effects. The thalamus may be 
invaded by neoplasm, undergo degeneration following dis
ease of its arterial supply, or be damaged by hemorrhage. 

Sensory Loss 
These lesions usually result from thrombosis or hemonhage 
of one of the arteries supplying the thalamus. Damage to the 
ventral posteromedlal nucleus and the ventral posterolat
eral nucleus will result In the loss of all forms of sensation, 
Including light touch, tactile localization and discrimination, 
and muscle joint sense from the opposite side of the body. 

The thalamus ls centrally located among other Import
ant nervous structures. Usually, a thalamlc lesion results in 
dysfunction of neighboring structures, producing symptoms 
and signs that overshadow those produced by the thalamlc 
disease. For example, a vascular lesion of the thalamus may 
also Involve the mldbrain, with resulting coma. or a lateral 
extension of thalamlc disease may Involve the Internal cap
sule and produce extensive motor and sensory deficits. 

Surgical Relief of Pain by Thalamlc Cauterization 
The intralamlnar nuclei of the thalam\1$ are known to take 
part in the relay of pain to the cerebral cortex. Cauterization 

General Appearance 

• The thalamus Is a large egg-shaped mass that forms 
a major part of the dlencephalon. 

• It is located on either side of the third ventricle 
and attached by a band of gray matter called the 
lnterthalamlc adhesion. 

• The lateral thalamus contains the anterior 
thalamtc nuclei, which are Involved with the 
limbic system. 

• The medial thalamus contains the large dorsomedial 
nucleus and two smaller nuclei, all of which are 
Involved with somatic, visceral, and olfactory 
sensory Information. 

• The lateral thalamus Is divided Into dorsal and 
ventral tiers of nuclei. 
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of these nuclel has been shown to relieve severe and Intrac
table pain associated with tennlnal cancer. 

lhalamic Pain 
Thalamic pain may occur as the patient is recovering from 
a thalamic infarct. Spontaneous pain, which is often exces
sive (thaJamlc overreaction), occurs on the opposite side 
of the body. The painful sensation may be aroused by light 
touch or by cold and may fall to respond to powerful anal
gesic drugs. 

ABNORMAL INVOWNTARY MOVEMENTS 
Choreoathetosls with ataxia may follow vascular lesions of 
the thalamll$. Whether these signs ln all cases are due to 
the loss of function of the thalamus or to invotvement of the 
neighboring ca:udate and lentilonn nuclei is not certain. The 
ataxia may arise as the result of the loss of appreciation of 
muscle and joint movement caused by a thalamic lesion. 

THALAMIC HAND 
The contraJateral hand is held in an abnormal posture in 
some patients with thalamlc leslons. The wrist Is pronated 
and Ilexed, the metacarpophalangeal joints are flexed, and 
the lnterphalangeal joints are extended. The fingers can 
be moved actively, but the movements are slow. The con
dition is due to altered muscle tone in the different muscle 
groups. 

• The dorsal tier Includes the lateral dorsal nucleus, 
lateral posterior nucleus, and the pulvinar. 

• The ventral tier includes the ventral anterior 
nucleus, ventral lateral nucleus, and the ventral 
posterior nuclei (posteromedlal and posterolateral). 

Functions 

• A vast amount of sensory Information converges on 
the thalamus and ls distributed to other parts of the 
central nervous system. 

• The thalamus is closely linked to the cortex but not 
for appreciation of sensation. For instance, upon 
removal of the cortex. the thalamus can still sense a 
hot object, but the interpretation of location, shape, 
weight, or temperature would be impaired. 
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Clinical Problem Solving 

1. A 45-year-old man who has suddenly developed 
weakness of the left leg 12 hours previously is 
admitted to a medical ward. On examination, he ls 
found to have paralysis of the left leg and weakness 
of the muscles of the left arm. The muscles of the 
affected limbs show increased tone, and tendon 
reflexes are exaggerated on the left side of the body. 
Also, considerable sensory loss on the left side of 
the body involves both the superficial and deep 
sensations. During the examination, the patient 

exhibits spontaneous jerking movements of the left 
leg. When asked to touch the tip of his nose with 
the left index finger, he demonstrates considerable 
intention tremor. The same test with the right arm 
shows nothing abnormal. Three days later, the 
patient starts to complain of agonizing pain down 
the left leg. The pain starts spontaneously or is 
initiated by the light touch of the bed sheet. What 
is your diagnosis? How can you explain the various 
signs and symptoms? 

Answers and Explanations to Clinical Problem Solving 

1. This man had a thrombosis of the thalamogenlcu
late branch of the right posterior cerebral artery. 
This resulted in a degenerative lesion within the 
right thalamus, causing the Impairment of super
ficial 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 

e Review Questions 

Directions: Each of the numbered items In this section 
Is followed by answers. Select the ONE lettered answer 
that is CORRECT. 

1. The following statements concern the thalamus: 
(a) All types of sensory information, with the 

exception of smell, reach the thalamlc nuclei 
via afferent fibers. 

(b) Very few afferent fibers reach the thalamic 
nuclei from the cerebral cortex. 

(c) The intralaminar nuclei of the thalamus are not 
connected to the reticular formation. 

(d) The intralaminar nuclei cannot influence the 
levels of consciousness and alertness. 

(e) The thalamus is covered on its inferior surface 
by a thin layer of white matter called the stra
tum zonale. 

2. The following statements concern the thalamus: 
(a) The external medullary lamina is an area of 

gray matter lying on the lateral surface of the 
thalamus. 

(b) The Y-shaped external medullary lamina subdi
vides the thalamus into three main parts. 

limb of the right Internal capsule, causing blocldng 
of the corticospinal fibers. As the edema resolved, 
the paralysis and spasticity improved. The choreo
athetold 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 dentatothalam
ic nerve fibers. The agonizing pain felt down the left 
leg was due to the lesion in the right thalamus. 

(c) The ventral posteromedlal nucleus receives the 
descending trigeminal and gustatory pathways. 

( d) The cerebellar-rubro-thalamic-cortical-ponto
cerebellar neuron pathway is important in vol
untary movement. 

(e) The mammillary body-thalamus--amygdaloid 
nucleus--dentate gyrus neuron pathway is import
ant in maintaining posture. 

3. The following statements concern the thalamic 
nuclei: 
(a) The lntralaminar nuclei lie outside the Internal 

medullary lamina 
(b) The ventral posterolateral nucleus receives the 

descending sensory tracts of the medial and spi
nal lemnisci. 

(c) The projections of the anterolateral nucleus 
ascend to the postcentral gyrus. 

(d) The reticular nucleus is part of the reticular for
mation. 

(e) The projections of the ventral posterolateral 
nucleus ascend to the postcentral gyros through 
the posterior limb of the internal capsule. 



4. The following statements concern the medial genlc
ulate body: 
(a) The medial geniculate body receives auditory 

lnfonnatlon from the superior colliculus and from 
the lateral lemnlscus. 

(b) Efferent fibers from the medial geniculate body 
fonn the inferior brachium. 

(c) The medial geniculate body receives auditory 
information from both ears but predominantly 
from the opposite ear. 

( d) The medial geniculate body projects to the audi
tory cortex of the Inferior temporal gyrus. 

(e) The medial genlculate body Is a swelling on the 
anterior surface of the thalamus. 

5. The following statements concern the lateral genlc
ulate body: 
(a) The lateral genlculate body receives most of the 

fibers of the optic nerve. 
(b) Each lateral geniculate body receives visual 

infonnatlon from the opposite field of vision. 
( c) The lateral geniculate body has a nucleus made 

up of 12 layers of nerve cells. 
( d) The lateral geniculate body is part of the mid

brain at the level of the red nucleus. 
(e) The afferent fibers to the lateral geniculate body 

are the axons of the rods and cones of the retina. 

Directions: Each of the numbered Incomplete state
ments in this section Is followed by completions of the 
statement. Select the ONE lettered completion that ls 
BEST ln each case. For questions 6 through 13, study 
Figure 12-5, showing a computed tomography (CT) scan 
of the brain (horizontal cut [axial] section). 

6. Structure number 1 Is the: 
(a) falx cerebellt. 
(b) anterior cerebral artery. 
(c) crest of frontal bone. 
( d) sagittal suture. 
(e) longitudinal fissure. 

7. Structure number 2 ls the: 
(a) genu of corpus callosum. 
(b) lamina terminalis. 
(c) septum pellucidum. 
( d) anterior column of fornix. 
(e) interthalamic connection. 

8. Structure number 3 is the: 
(a) lentlform nucleus. 
(b) internal capsule. 
(c) putamen. 
( d) head of caudate nucleus. 
(e) globus pallldus. 

9. Structure number 4 ls the: 
(a) pineal body. 
(b) falx cerebri. 
(c) third ventricle. 
(d) septum pellucidum. 
(e) great cerebral vein. 
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FfguN 12..S CT scan of the brain showing a horizontal 
(axial) cut. 

10. Structure number 5 ls the: 
(a) medial genlculate body. 
(b) thalamus. 
(c) choroid plexus of lateral ventricle. 
(d) body of caudate nucleus. 
(e) third ventricle. 

11. Structure number 6 is the: 
(a) thalamus. 
(b) head of caudate nucleus. 
(c) internal capsule. 
( d) claustrum. 
(e) lentiform nucleus. 

12. Structure number 7 is the: 
(a) body of lateral ventricle. 
(b) tail of lateral ventricle. 
(c) anterior horn of lateral ventricle. 
( d) third ventricle. 
(e) fourth ventricle. 

13. Structure number 8 is the: 
(a) septum pellucldum. 
(b) falx cerebri. 
(c) anterior cerebral artery. 
( d) lamina terminalis. 
(e) interthalamic adhesion. 
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fi Answers and Explanations to Review Questions 

1. A Is correct. All types of sensory Information, with 
the exception of smell, reach the thalamlc nuclei via 
afferent fibers. B. Large numbers of afferent fibers 
reach the thalamic nuclei from the cerebral cortex. 
C. The intralaminar nuclei of the thalamus are close
ly connected with the reticular formation. D. The 
intralaminar nuclei of the thalamus do influence 
the levels of consciousness and alertness. E. The 
thalamus Is covered on Its superior surface by a 
thin layer of white matter called the stratum zonale 
(see Fig. 12-1). 

2. D Is correct. The cerebellar-rubro-thalamic-corti
cal-ponto-cerebellar neuron pathway is Important 
In voluntary movement. A. The external medullary 
lamina is an area of white matter lying on the lat
eral surface of the thalamus (see Fig. 12-1). B. The 
Y-shaped Internal medullary lamina subd1vides the 
thalamus into three main parts. C. The ventral pos
teromedial nucleus receives the ascending trigem
inal and gustatory pathways. E. The mammillary 
body-thalamus-amygdaloid nucleus-dentate gyros 
neuron pathway is not important in maintaining 
posture. 

3. E Is correct. The projections of the ventral pos
terolateral nucleus ascend to the postcentral gyrus 
through the posterior limb of the internal capsule. 
A. The lntralaminar nuclei Ile within the internal 
medullary lamina (see Fig. 12-3). B. The ventral pos
terolateral nucleus receives the ascending sensory 
tracts of the medial and spinal lemnisci. C. The pro
jections of the posterolateral nucleus ascend to the 
postcentral gyrus. D. The reticular nucleus is not 
part of the reticular formation, although it receives 
afferent fibers from the formation. 

4. C is correct. The medial geniculate body receives 
auditory Information from both ears but pre
dominantly from the opposite ear. A. The medial 

geniculate body receives auditory Information from 
the Inferior colllculus and from the lateral lemnls
cus. B. Afferent fibers from the medial geniculate 
body form the Inferior brachium. D. The medial 
geniculate body projects to the auditory cortex of 
the superior temporal gyros. E. The medial genicu
late body is a swelling on the posterior surface of 
the thalamus (see Fig. 12-3). 

5. B is correct. Each lateral geniculate body receives 
visual information from the opposite field of vision. 
A. The lateral geniculate body receives most of 
the fibers of the optic tract. C. The lateral geniculate 
body has a nucleus made up of six layers of nerve 
cells. D. The lateral genlculate body Is a swelling on 
the undersurface of the pulvlnar of the thalamus 
(see Fig. 12-3). E. The afferent fibers to the lateral 
genlculate body are the axons of the ganglion cells 
of the retina. 

The answers for Figure 12-5, which shows a CT scan of 
the brain (horizontal cut [axial] section), are as follows: 

6. E is correct. Structure number 1 is the longitudinal 
fissure. 

7. A is correct. Structure number 2 is the genu of the 
corpus callosum. 

8. D is correct. Structure number 3 Is the head of the 
caudate nucleus. 

9. C is correct. Structure number 4 Is the third ventri
cle. 

10. B Is correct. Structure number 5 Is the thalamus. 
11. E is correct. Structure number 6 is the lentlform 

nucleus. 
12. C is correct. Structure number 7 is the anterior horn 

of the lateral ventricle. 
13. A is correct. Structure number 8 is the septum pel

lucldum. 



Hypothalamus 

CHAPTER OBJECTIVES 

• To learn the location and boundaries of the 
hypothalamus and the various nuclei that make up 
this Important area 

• To review the main connections of the nuclei, 
especially the connections between 

A 16-year-old girl is taken by her mother to a pediatrician 
because she is rapidly losing weight. The mother states 
that the weight loss started about 1 year ago. The child's 
eating habits changed from eating practically anything put 
before her to being a very choosy eater. Her personality is 
also changed, and she fears meeting strangers. Her rel
atives notice that she is impatient and irritable and cries 
a great deal. On being urged to eat more food, the girl 
countered by saying she was getting fat and must diet 
to improve her figure. Although she would not admit to 
having anything wrong with her, she admitted that men
struation had ceased 3 months previously. 

On being questioned by the pediatrician, the girl 
admits to calorie counting, and sometimes, when she feels 
she has overeaten, will force herself to vomit by sticking 

The hypothalamus, although small (0.3% of the total 
brain), Is a very Important part of the central nervous 
system. It Is essential for life. It controls the autonomic 
nervous system and the endocrine system and thus Indi
rectly controls body homeostasis. The hypothalamus ls 
well placed for this purpose, lying ln the center of the 
limbic system. It is the site of numerous converging and 
diverging neuronal pathways, and through Its adequate 
blood supply, It Is able to sample the blood chemis
try. The hypothalamus makes appropriate controlling 
responses following the integration of its nervous and 
chemical inputs. 

HYPOTHALAMUS 
The hypothalamus ts the part of the dlencephalon that 
extends from the region of the optic chiasma to the 

the hypothalamus and the pituitary 
gland 

• To review some of the common clinical 
problems involving the hypothalamus 

her fingers down her throat. On physical examination, 
she shows obvious signs of weight loss with hollow facial 
features, prominent bones, and wasted buttocks. Apart 
from having cold extremities and a low blood pressure of 
85/60 mm Hg, no further abnormalities are discovered. 

The pediatrician makes the diagnosis of anorexia ner
vosa and admits her to the local hospital. Psychological 
treatment includes getting the confidence of the patient 
by using nursing personnel who understood the condition. 
The primary treatment is to restore the patient's weight by 
persuading the individual to eat adequate amounts of food. 

Anorexia nervosa is a disorder of feeding and endo
crine function that is normally controlled by the hypothal
amus. However, strong evidence suggests that it is also of 
psychogenic origin. 

caudal border of the mammillary bodies. It lies below 
the thalamus and forms the floor and the inferior part 
of the lateral walls of the third ventricle (Fig. 13-1). 
Anterior to the hypothalamus is an area that, for fwtc
tional reasons, is often included in the hypothalamus. 
Because It extends forward from the optlc chlasma to 
the lamina termlnalls and the anterior commissure, lt is 
referred to as the preoptlc area Caudally, the hypothal
amus merges into the tegmentum of the midbraln. The 
lateral boundary of the hypothalamus ls formed by the 
internal capsule. 

When observed from below (Fig. 13-2), the hypothaJ. 
amus is seen to be related to the following structures, 
from anterior to posterior: (1) the optic chiasma, (2) 
the tuber cinereum and the infundibulum, and ('3) the 
mammillary bodies. 

This small area of the brain wlll be seen In the follow
ing paragraphs to control body homeostasis, through 

373 
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Figure 13-2 Inferior surface of the brain showing parts of the hypothalamus. 



the autonomic nervous system and the neuroendocrine 
system, and to play a vital role in emotional behavior. 

HYPOTHALAMIC NUCLEI 
Microscopically, the hypothalamus is composed of small 
nerve cells that are arranged in groups or nuclei, many 
of which are not clearly segregated from one another. 
For functional reasons, the preopdc area Is Included as 
part of the hypothalamus. For purposes of description, 
the nuclei are divided by an Imaginary parasagtttal 

Fornix 

A 

Supradllasmatlc-__ __ 
nucleus -~--

Fornix 
\ 

\ 
i 
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plane into medial and lateral zones (Fig. 13-3). Lying 
within the plane are the columns of the fornlx and 
the mammlllothalamlc tract, which serve as markers 
(Fig. 13-4; also see Fig. 13-3). 

Medial Zone 
In the medial zone, the following hypothalamic nuclei 
can be recognized, from anterior to posterior: (1) part 
of the preopdc nudeus; (2) the anterior nudeus, which 
merges wlth the preoptlc nucleus; (3) part of the tupra
chlasmatlc nucleus; ( 4) the paraventrlcular nudeus; 

/ Mamm;llotheJam•ttact 

.-... ~ Splenium of corpus 

/ callosum 

. Mammillothalamic tract 

I 

Tuberomammlllary nucleus 
B 

Figure 13-3 Sagittal section of the brain showing the hypothalamic: nuclei. A: Medial zone nuclei 
lying medial to the plane of the fomix and the mammillothalamic: tract. B: Lateral zone nuclei lying 
lateral to the plane of the fornix and the mammillo1halamic: tract. 
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Figure 1M Coronal section of the cerebral hemispheres showing the position of the hypotha
lamic nuclei. 

(5) the donomecllal nucleus; (6) the ventromedlal 
nucleu; (7) the lnfundlbular (arcuate) nucleu; and 
(8) the posterior nucleu. 

Lateral Zone 
In the lateral zone, the following hypothalamic nuclei 
can be recognized, from anterior to posterior: (I) part 
of the preopllc nucleu. (2) part of the suprachla1D1alfc 
nucleus, (3) the supraoptlc nucleus, ( 4) the lateral 
nucleus. (5) the tuberomammlllary nucleus, and (6) the 
lateral tubei'&I nuclei. 

Some of the nuclei, such as the preoptic nucleus, the 
suprachiasmatic nucleus, and the mammillary nuclei, 
overlap both zones. It should be emphasized that most 
of the hypothalamic nuclei have ill-defined bound
aries. With the use of modem technology, Including 
histochemical, tmrnunochemlcal, and anterograde and 
retrograde tracer studies, groups of neurons and their 
connections are being more precisely ldentlfied. Unfor
tunately, as new nuclear groups are discovered and 
glven names, the reader has difficulty coming to terms 
with the old and new nomenclature. Only the major 
nuclear groups with well-established names and their 
connections are described in this account. 

HYPOTHALAMIC LINES OF 
COMMUNICATION 
The hypothalamus receives information from the rest 
of the body through (1) nervous connections, (2) the 

bloodstream, and (3) cerebrosplnal fluid (CSF). The 
neurons of the hypothalamic nuclei respond and exert 
their control via the same routes. The CSF may serve 
as a conduit between the neurosecretory cells of the 
hypothalamus and distant sites of the brain. 

Afferent Nervous Connections 
The hypothalamus, which lies in the center of the 
limbic system, receives many afferent fibers from the 
viscera, the olfactory mucous membrane, the cerebral 
cortex, and the limbic system. 

The afferent connections are numerous and com
plex; the main pathways (Fig. 13-5) are as follows: 

1. Somalfc and vleceral afferenlB. General somatic sen
sation and gustatory and visceral sensations reach 
the hypothalamus through collateral branches of the 
lemniscal afferent fibers and the tractus solitarius 
and through the reticular formation. 

2. Vl8ual afferents leave the optlc chlasma and pass to 
the suprachlasmatlc nucleus. 

3. Oltadlon travels through the medial forebraln bundle. 
4. Auclltory afferents have not been identified, but 

since auditory stlmull can influence the activities of 
the hypothalamus, they must exist. 

5. Corllcohypothalamlc fibers arise from the frontal 
lobe of the cerebral cortex and pass directly to the 
hypothalamus. 

6. IDppocampohypothalamlc fiben pass from the hip
pocampus through the fomix: to the mammillary body. 
Many neurophysiologists regard the hypothalamus as 
the main output pathway of the limbic system. 
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Figure 13-5 Sagittal section of the brain showing the main afferent pathways entering the 
hypothalamus. 

7. Amygdalohypothalamic fibers pass from the amyg
daloid complex to the hypothalamus through the 
stria termlnalls and by a route that passes Inferior to 
the lenttfonn nucleus. 

8. lbalamohypothalamlc ftbem arise from the dorso
medlal and midllne thalamic nuclei. 

9. Tegmental tlben arise from the mldbrain. 

The main afferent nervous connections of the hypo
thalamus are summarized In Table 13-1. 

Efferent Nervous Connections 
The efferent connections of the hypothalamus are also 
numerous and complex, and only the main pathways 
(Fig. 13-6) are described here: 

1. Descending fiben to the bralmtem and spinal cord 
influence the peripheral neurons of the autonomic 
nervous system. They descend through a series of 
neurons in the reticular formation. The hypothala
mus Is connected to the parasympathetic nuclei of 
the oculomotor, facial, glossopharyngeal, and vagus 
nerves in the brainstem. in a similar manner, the 
retlculosplnal fibers connect the hypothalamus with 
sympathetic cells of origin in the lateral gray horns 
of the first thoracic segment to the second lumbar 
segment of the spinal cord and the sacral parasym
pathetic outflow at the level of the second, third, and 
fourth sacral segments of the spinal cord. 

2. The mammtJJothalamlc tract arises in the mammil
lary body and terminates in the anterior nucleus of 
the thalamus. Here, the pathway is relayed to the 
cingulate gyros. 

3. The m•mmlllotegmental tnct arises from the mam
millary body and terminates in the cells of the retic
ular formation in the tegmentum of the midbrain. 

4. Multiple pathways to the limbic ayatem. 

The main efferent nervous connections of the hypo
thalamus are summarized ln Table 13-1. 

Connections Wrt:h the Hypophysis Cerebri 
The hypothalamus is connected to the hypophysis cere
bri (pituitary gland) by two pathways: (1} nerve fibers 
that travel from the supraoptic and paraventricular 
nuclei to the posterior lobe of the hypophysis and (2) 
long and short portal blood vessels that coMect sinu
soids in the median eminence and infundibulum with 
capillary plexuses ln the anterior lobe of the hypophysls 
(Fig. 13-7). These pathways enable the hypothalamus to 
influence the activities of the endocrine glands. 

Hypothalamohypophyseal Tract 

The hormones vasoprestln and oJt)'todn. are synthe
sized in the nerve cells of the supraoptlc and para
ventrtcular nuclei. The hormones are passed along 
the axons together with carrier proteins called neu
rophyalm and are released at the axon terminals (see 
Fig. 13-7). Here, the hormones are absorbed into the 
bloodstream in fenestrated capillaries of the posterior 
lobe of the hypophysis. The hormone vasopressin 
( antidiuretic hormone) is produced mainly in the nerve 
cells of the supraoptic nucleus. Its function is to cause 
V810CODlll'lctfon. It also has an important antlclluredc 
function, causing an increased absorption of water in 
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Table 13-1 Main Hypothalamic Afferent and Efferent Nervous Connections 

Afferent 

Medial and spinal lemnisci, tract:us 
solitarius, reticular formation 

Viscera and somatic structures l Hypothalamic nudei 

Visual fibers Retina Suprachiasmatic nucleus 
-----+--

Olfactory mucous membrane I Hypothalamic nudei Medial forebrain bundle 

Auditory fibers 

Corticohypottlalamic fibers 

Hippocampohypothalamic fibers; possibly 
__ main output pathway of limbic system 

Amygdalohypothalamic fibers 

Thalamohypothalamic fibers 

Tegmental fibers 

Efferent 

Descending fibers in reticular formation to 
brainstem and spinal cord 

Mammillottlalamic tract 

Mammillotegmental tract 

Multiple pathways 

Frontal 
lobe ._ 

............ ~ 

Inner ear J Hypothalamic nudei 

Frontal lobe of cerebral cortex Hypothalamic nudei 

Hippocampus __ I Nuclei of mammillary body 

Amygdaloid complex - f°H;pothalamic nudei -------
Dorsomedial and midline nuclei I Hypothalamic nuclei 

of thalamus 

[ regmentum of midbrain --=-1 Hypothalamic nuclei 

Preoptic, anterior, posterior, and Craniosaaal parasympathetic and 
lateral nuclei of hypothalamus thoracolumbar sympathetic outflows 

Nuclei of mammillary body 

Nuclei of mammillary body 

Hypottlalamic nuclei 

Anterior nucleus of thalamus; relayed to 
cingulate gyrus 

I Reticular formation in tegmentum of 
midbrain 

Limbic: system 

Corpus callosum 

Descending fibers 
~:-:::::~- to brainstem and 

spinaloord 

Figure 13-6 Sagittal section of the brain showing the main efferent pathways leaving the hypo
thalamus. 
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Figure 13·7 A: Hypothalamohypophyseal tract. B: Hypophyseal portal system. 

the distal convoluted tubules and collecting tubules 
of the kidney. The other hormone ls oxytocln, which Is 
produced mainly ln the paraventrlcular nucleus. Oxyto
cln stimulates the contraction of the smooth muscle of 
the uterus and causes contraction of the myoeplthelial 
cells that surround the alveoll and ducts of the breast. 
Toward the end of pregnancy, oxytocln Is produced in 
large amounts and stimulates labor contractions of the 
uterus. Later, when the baby suckles at the breast, a 
nervous reflex from the nipple stimulates the hypothal
amus to produce more of the hormone. This promotes 
contraction of the myoepithelial cells and assists in the 
expression of the milk from the breasts. 

The supraopttc nucleus, which produces vasopres
sln, acts as an osmoreceptor. Should the osmotic pres
sure of the blood circulating through the nucleus be 
too high, the nerve cells Increase their production of 
vasopressin, and the antldiuretic effect of this hormone 
will increase the reabsorption of water from the kidney. 
By this means, the osmotic pressure of the blood wlll 
return to normal limits. 

Hypophyseal Portal System 

Neurosecretory cells situated mainly in the medial zone 
of the hypothalamus are responsible for the production 
of the releatdng hormones and releue-lnhlbltory hor
mones. The hormones are packaged into granules and 

are transported along the axons of these cells Into the 
median eminence and lnfundlbulum. Here, the granules 
are released by exocytosls onto fenestrated capillaries 
at the upper end of the hypophyseal portal system. 

The hypophyseal portal system is formed on each 
side from the superior hypophyseal artery. which ls a 
branch of the internal carotid artery (see Fig. 13-78). 
The artery enters the median eminence and divides into 
tufts of capillaries. These capillaries drain into long and 
short descending vessels that end in the anterior lobe of 
the hypophysis by dividing into vascular sinusoids that 
pass between the secretory cells of the anterior lobe. 

The portal system carries the releasing hormones 
and the release-inhibiting hormones to the secretory 
cells of the anterior lobe of the hypophysts. The releas
ing hormones stimulate the production and release of 
adrenocortlcotroplc hormone (AClll), foWcle«lm
ulattng hormone {FSH), lutefnlzlng hormone (l.H), 
thyrotropic hormone or 1hyrold4lmulallng hormone 
{TSH), and growth hormone (GH). The release of 
inhibiting hormones Inhibits the release of the mela
nocyt&ltimulatlng hormone (MSH) and luteotroplc 
hormone (LTII). LTH (also known as the lactogeDic 
hormone or prolactfn) stimulates the corpus lutewn to 
secrete progesterone and the mammary gland to pro
duce milk. The GH inhibitory hormone (somatostatin) 
inhibits the release of GH. A summary of the hypothalam
ic-releasing and inhibitory hormones and their effects 
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Table 13-2 Hypothalamic-Releasing and Inhibitory Honnones and Their Effects on Hypophysis 
(Pituitary) Anterior Lobe 

Growth hormone-releasing hormone 
(GHRH) 

Growth hormone-inhibiting hormone 
(GHIH) or somatostatin 

Growth hormone (GH) Stimulates linear growth in epiphyseal 
cartilages ---Growth hormone (reduced production) Reduces linear growth in epiphyseal 
cartilages 

Prolactin-releasing hormone (PRH) Prolactin (luteotropic hormone, LTH) Stimulates lactogenesis 

I Reduceslactogenesis Prolactin-inhibiting hormone (PIH), Prolactin (luteotropic hormone, LTH) 
dopamine (reduced production) 

Corticotropin-releasing hormone (CR_H_) __.l_A_d-'-renocorticotropic hormone (ACTii) 
+--

Stimulates adrenal gland to produce 
corticosteroids and sex hormones ---Thyrotropin-releasing hormone (TRH) Thyroid-stimulating hormone (TSH) Stimulates thyroid gland to produce 
thyroxine 

Luteinizing hormone-releasing hormone 
(LHRH) 

Luteinizing hormone (LH) and follicle
stimulating hormone (FSH) 

Stimulates ovarian follicles and 
production of estrogen and 
progesterone 

on the anterior lobe of the hypophysis are shown in 
Table 13-2. 

The neurons of the hypothalamus that are responsi
ble for the production of the releasing hormones and 
the release-inhibiting hormones are influenced by the 
afferent fibers passing to the hypothalamus. They also 
are Influenced by the level of the hormone produced 
by the target organ controlled by the hypophysis. 
Should the level of thyroxine 1n the blood fall, for 
example, then the releasing factor for the thyrotropic 

Table 13-3 Nuclear Origin" of the Hypophyi:is 
(Pituitary)-Releasing and Inhibitory 
Hormones in the Hypothalamus 

Growth hormone-releasing 
hormone (GHRH) 

Growth hormone-inhibiting 
hormone (GHIH) or 
somatostatin 

lnfundibular or 
arc::uate nucleus 

Suprachiasmatic 
nucleus 

Prolactin-releasing hormone (PRH) ? 

Prolactin-inhibiting hormone (PIH) ? 

Corticotropin-releasing hormone Paraventricular nuclei 
(CRH) 

Thyrotropin-releasing hormone 
(TRH) 

Luteinizing hormone-releasing 
hormone (LHRH) 

"Origin is presumed. 

Paraventricular and 
dorsomedial nuclei 
and adjacent areas 

Preoptic and anterior 
nuclei 

honnone would be produced in increased quantities. 
Table 13-3 summarizes the presumed nuclear origin of 
the pituitary-releasing and inhibitory hormones in the 
hypothalamus. 

FUNCTIONS 
Table 13-4 summarizes the functions of the main hypo
thalamic nuclei. 

• 
Taltle1M Main Hypothalamic Nudei Functions 

Supraoptic nucleus Synthesizes vasopressin 
(antidiuretic hormone) 

---+--
Paraventricular nucleus Synthesizes oxytocin 

Preoptic and anterior Con1rol parasympathetic 
nuclei system 

Posterior and lateral nuclei Con1rol sympathetic system 

Anterior hypothalamic I Regulate temperature 
nuclei (response to heat) 

Posterior hypothalamic 
nuclei 

Lateral hypothalamic 
nuclei 

Medial hypothalamic 
nuclei 

Regulate temperature 
(response to cold) 

Initiate eating and incnlase 
_ food intake (hunger center} 

Inhibit eating and reduce 
food intake (satiet¥ center} _ _,___ 

Lateral hypothalamic 
nuclei I 

Increase water intake (thirst 
center) 

--+--
Suprachiasmatic nucleus Controls circadian rhythms 
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Hypothalamus 

Endocrine control 

Honnones 

Figure 13-8 Diagram depicting the hypothalamus as the chief center of the 
brain for controlling the internal milieu of the body. 

Autonomic Control 

The hypothalamus has a controlllng Influence on the 
autonomic nervous system and appears to Integrate the 
autonomic and neuroendocrlne systems, thus preserv
ing body homeostasis. Essentially, the hypothalamus 
should be regarded as a higher nervous center for the 
control of lower autonomic centers in the brainstem 
and spinal cord (Fig. 13-8). 

Electrical stimulation of the hypothalamus in animal 
experiments shows that the anterior hypothalamic 
area and the preoptic area influence parasympathetic 
responses; these include lowering of the blood pres
sure. slowing of the heart rate, contraction of the 
bladder, increased motility of the gastrointestinal tract, 
increased acidity of the gastric juice. salivation, and 
pupillary constriction. 

Stimulation of the posterior and lateral nuclei causes 
sympathetic responses, which include elevation of 
blood pressure, acceleration of the heart rate, cessa
tion of peristalsis In the gastrointestinal tract, puplllary 
dilation, and hyperglycemia. These responses would 
lead one to believe that in the hypothalamus, there 
exists areas that might be termed parasympathetic 
and sympathetic centers. However, it has been shown 
that considerable overlap of function occurs in these 
areas. 

Endocrine Control 

The nerve cells of the hypothalamic nuclei, by produc
ing the releasing factors or release-inhibiting factors 
(see Table 13-2), control the hormone production of the 
anterior lobe of the hypophysls (pituitary gland). The 
anterior lobe hormones Include GH, prolactln (LTH), 
ACTII, TSH, LH, and FSH. Some of these hormones act 
directly on body tissues, while others, such as ACTH, 
act through an endocrine organ, which in turn produces 
additional hormones that influence the activities of 
general body tissues. It should be pointed out that each 
stage is controlled by negative and positive feedback 
mechanisms. 

Neurosecretion 

The secretion of vasopressin and o.xytocin by the 
supraoptic and paraventricular nuclei ls discussed on 
page 377. 

Temperature Regulation 

The anterior portion of the hypothalamus controls those 
mechanisms that dissipate heat loss. Experimental stim
ulation of this area causes dilatation of skin blood ves
sels and sweating, which lower the body temperature. 
Stimulation of the posterior portion of the hypothala
mus results in vasoconstriction of the skin blood vessels 
and inhibition of sweating; there also may be shivering, 
in which the skeletal muscles produce heat. 

Normally, the hypothalamus sets the body tempera
ture at 98.08° to 98.68°F when measured orally and 18°F 
higher when measured rectally. The temperature set 
can be altered In response to extremes, such as in envi
ronmental temperatures or in infection. 

Regulation of Food and Water Intake 

Stimulation of the lateral region of the hypothalamus 
initiates the feeling of hunger and results in an increase 
in food Intake. This lateral region sometimes Is referred 
to as the hunger center. Bilateral destruction of this 
center results in anorexia, with the consequent loss in 
body weight. Stimulation of the medial region of the 
hypothalamus inhibits eating and reduces food intake. 
This area is referred to as the 11811.ety center. Bilateral 
destruction of the satiety center produces an uncon
trolled voracious appetite, causing extreme obesity. 

Experimental stimulation of other areas in the lat
eral region of the hypothalamus causes an Immediate 
Increase In the desire to drink water; this area is referred 
to as the th1nt center. In addition, the supraoptlc 
nucleus of the hypothalamus exerts a careful control 
on the osmolarity of the blood through the secretion 
of vasopressln (antidluretlc hormone) by the posterior 
lobe of the hypophysls. This hormone causes a great 
Increase in the reabsorptlon of water In the distal con
voluted tubules and collecting tubules of the kidneys. 

Emotion and Behavior 
Emotion and behavior are a function of the hypothala
mus, the limbic system, and the prefrontal cortex. Some 
authorities believe that the hypothalamus is the inte
grator of afferent information received from other areas 
of the nervous system and brings about the physical 
expression of emotion; it can produce an Increase in the 
heart rate, elevate the blood pressure, cause dryness of 
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the mouth, flushing or pallor of the skin, and sweating. 
As well, it can often produce a massive peristaltic actlv
lty of the gastrointestinal tract. 

Stlmulatlon of the lateral hypothalamic nuclei may 
cause the symptoms and signs of rage, whereas lesions 
of these areas may lead to passivity. Stimulation of the 
ventromedial nucleus may cause passivity, whereas 
lesions of this nucleus may lead to rage. 

Control of Circadian Rhythms 
The hypothalamus controls many circadian rhythms, 
including body temperature, adrenocortlcal activity, 

r@ Clinical Notes 

General Considerations 
In summary, the actlvitles of the hypothalamus are modtfled 
by Information rocelved along numerous afferent pathways 
from different parts of the central nervous system (espe. 
cially from the limbic system and the prefrontal cortex) 
and by the plasma levels of clrculatlng hormones. lt exerts 
Its Influence on bodily functions through the autonomic 
nervous system and the endocrine system. 

Although small, the hypothalamus should not be inter
preted as a structure of little importance. It is the chief 
center of the brain for ma!ntalnlng the Internal milieu of the 
body (see Fig. 1~. Hardly any tissue In the body escapes 
Its Influence. 

The connections of the hypothalamus are extremely 
complicated, and only the major pathways should be com· 
milted to memory for use in clinical work. 

Clinical Disorders Associated With 
Hypothalamic Lesions 
The hypothalamus may be the site of Inflammation, neo
plasm, or vascular disorder. Because of its deep-seated 
central position, it can be pressed on by tumors of the sur· 
rounding brain tissue or may be compressed as the result of 
the development of Internal hydrocephalus. (ts widespread 
influence on many homeostatic and behavioral functions 
means that a lesion of the hypothalamus will produce a 
large number of different syndromes. Importantly, an acute 
lesion is more llkely to produce signs and symptoms than Is 
a slowly growing tumor. 

Obesity and Wasting 
Severe obesity can occur as the result of hypothalamic 
lesions. It is generally associated with genital hypoplasla 
or atrophy. 

eoslnophll count, and renal secretion. Sleeping and 
wakefulness, although dependent on the actlvttles 
of the thalamus, the ltmblc system, and the reticular 
activating system, are also controlled by the hypothal
amus. Lesions of the anterior part of the hypothalamus 
seriously interfere with the rhythm of sleeping and 
waking. The suprachlasmatlc nucleus. which receives 
afferent fibers from the retina. appears to play an 
important role in controlling the biologic rhythms. 
Nerve impulses generated in response to variations in 
the intensity of light are transmitted via this nucleus 
to influence the activities of many of the hypothalamic 
nuclei. 

Wasting is less common than obesity In hypothalamic 
disease. Severe cachex:ia is suggestive of damage to the 
hypophysis (pituitary gland). 

Sexual Disorders 
In children, sexual retardation and, rarely, sexual precocity 
may result from hypothalamic lesions. After puberty, the 
patient with hypothalamic disease may have impotence or 
amenonhea. 

Hyperthermla and Hypothennra 
Hyperthermla can follow lesions of the hypothalamus 
caused by head Injury or following surgical operations In 
the region of the hypothalamus. The patient with hyper· 
thermla ts otherwise normal and has no stgns of malaise, 
which occurs with pyrexla secondary to infections. Hypo
thermia also can follow a lesion of the hypothalamus. 

Diabetes lnsipidus 
Diabetes insipidus results from a lesion of the supraoptic 
nucleus or from the interruption of the nervous pathway to 
the posterior lobe of the hypophysls. CharacterisUcally, the 
patient passes large volwnes of urine of low spedfic gravity. 
As a result, the patient Is extremely thirsty and drinks large 
quantities of Huids. The condition must be distinguished 
from diabetes mellitus, which is characterized by glucosuria. 

Sleep Disturbance 
The occurrence of either frequent short periods of sleep 
during the waking hours or insomnia has been observed ln 
patients with hypothalamic lesions. 

Emotional Disorders 
Attacks of unexplalned weeping or laughter, uncontrollable 
rage, depressive reactions, and even maruacal outbursts all 
have been observed In patients with hypothalamic lesions. 



Hypothalamus 

• The hypothalamus controls body homeostasis 
through the autonomic nervous and endocrine 
systems and plays a vital role in emotional behavior. 

Hypothalamic Nuclei 

• The nerve cells in the hypothalamus are arranged 
In many small groups, or nuclei, which are not 
clearly segregated from one another. However, some 
nuclei such as the preoptic, suprachlasmatlc, and 
mammlllary nuclei are distinct and demonstrate 
functional significance. 

• The hypothalamus not only receives information 
through nervous connections but also through the 
bloodstream and CSF. 

Hypothalamic Connections With the 
Hypophysis Cerebri 

• The hypothalamus is connected with the pituitary 
gland by two pathways: I) nerve fibers from 
supraoptic and paraventrlcular nuclei to the 
posterior lobe of the hypophysls, and 2) long and 
short portal blood vessels that connect sinusoids 
In the median eminence and infundlbulum with 

6 Clinical Problem Solving 

1. A 17-year-old boy Is admitted into the medical ward 
for observation. The tentative diagnosis ls Frohlich 
syndrome. He has a 3-month history of severe head
aches. More recently, he has attacks of vomiting, and 
1 week ago he had noticed problems with his eye
sight. The patient says that he has difficulty seeing 
objects on the lateral side of both eyes. His parents 
are concerned that he is putting on weight, as he 
has increased adiposity over the lower part of the 
trunk. On physical examination, the boy is found to 
be 6 ft 3 In tall; he has excessive trunk obesity. The 
testes and penis are small, and pubic and axillary 
hairs are absent. A lateral radlograph of the skull 
shows enlargement of the sella turcica with erosion 
of the dorsum sellae. An examination of the eye fields 
confirms that the patient has partial bltemporal 
hemianopla Using your lmowledge of neuroanatomy, 
explain the symptoms and signs of this patient. 

2. A 40-year-old woman is involved in an automobile 
accident in which she sustains severe head injuries. 

Clinical Problem Solving 383 

caplllary plexuses In the anterior lobe of the 
hypophysls. 

• The hypothalamohypophyseal tract: Vasopressin 
and oxytocin hormones are synthesized in the nerve 
cells of the supraoptlc and paraventricular nuclei, 
released at axon terminals, and absorbed into 
the bloodstream via fenestrated capillaries of the 
posterior lobe of the hypophysis. 

• Hypophyseal portal system: Neurosecretory cells 
in the hypothalamus produce releasing hormones 
and release-inhibitory hormones that are packaged 
into granules and released by exocytosis into 
fenestrated capillaries at the upper end of the 
portal system. 

• The portal system carries the releasing hormone to 
the anterior lobe of the pituitary gland, which then 
stimulates production and release of hormones or 
inhibits the release of different hormones. 

Hypothalamic Functions 

• The hypothalamus shows Influence and control 
over the autonomic nervous system, the endocrine 
system, temperature regulation, regulation of 
food and water intake, emotion and behavior, and 
circadian rhythms. 

Following a slow but uneventful recovery, she is 
released from the hospital without any residual 
signs or symptoms. Six months later, the patient 
starts to complain of frequency of mlcturltlon and is 
passing very large quantities of pale urine. She also 
says that she always seems thirsty and will often 
drink 10 glasses of water in one morning. Using your 
lmowledge of neuroanatomy and neurophysiology, 
do you think a connection exists between the uri
nary symptoms and her automobile accident? 

3. Do you think a patient with hydrocephalus could 
have a malfunctioning hypothalamus? H so, explain 
the connection. 

4. Sherrington once stated in a scientific publication 
in 1947 that the hypothalamus should be regarded 
as the "head gangllonn of the autonomic nervous 
system (ANS). What Is the relationship that exists 
between the hypothalamus and the ANS? 

5. Explain what is meant by the tenns hypothalamolty
pophyseal tract and hypophyseal portal system. 
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fl Answers and Explanations to Clinical Problem Solving 

1. This boy was suffering from Frohlich syndrome 
secondary to a chromophobe adenoma of the ante> 
rior lobe of the hypophysls. This space-occupying 
lesion had gradually eroded the sella turclca of 
the skull and had compressed the optic chlasma, 
producing bitemporal hemianopia. The size of the 
twnor was causing a raised lntracranlal pressure 
that was responsible for the headaches and attacks 
of vomiting. Pressure on the hypothalamus inter
fered with its function and resulted in the charac
teristic accwnulation 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 consequent loss of 
control on the anterior lobe of the hypophysis, or It 
may have been due to the direct effect of the twnor 
pressing on the neighboring cells of the anterior 
lobe of the hypophysls. 

2. Yes, the accident and the urinary symptoms are 
connected. This patient Is suffering from diabetes 
insipidus caused by traumatic damage either to the 
posterior lobe of the hypophysis or to the supra
optic nucleus of the hypothalamus. In any event, 
production of vasopressin was inhibited. It should 
be pointed out that a lesion of the posterior lobe of 

8 Review Questions 

Directions: Each of the numbered items In this section 
is followed by answers. Select the ONE lettered answer 
that is CORRECT. 

1. The following statements concern the hypothalamus: 
(a) It Hes below the thalamus in the tectum of the 

mid brain. 
(b) It is not related to the limbic system. 
(c) The nuclei of the hypothalamus are divided by 

an imaginary plane formed by the columns of 
the fornix and the mammillothalamic tract into 
medial and lateral groups. 

(d) The suprachlasmatic nucleus does not receive 
nerve fibers from the retina. 

(e) The lateral boundary of the hypothalamus is 
formed by the external capsule. 

2. The following statements concern the hypothalamus: 
(a) When seen from the inferior aspect, the hypo

thalamus is related to the following structures, 
from anterior to posterior: (i) the olfactory 
stria, (ii) the anterior perforated substance, and 
(iii) the mammillary bodies. 

(b) The margins of the different nuclei can be clearly 
seen with the naked eye. 

the hypophysis is usually not followed by diabetes 
insipidus, since the vasopressin produced by the 
neurons of the supraoptic nucleus escapes directly 
into the bloodstream. The action of vasopressln on 
the distal convoluted tubules and collecting tubules 
of the kidney ls fully explained on page 381. 

3. Yes, It Is possible. Hydrocephalus, caused by block
age of the three foramina In the roof of the fourth 
ventricle or by blockage of the cerebral aqueduct, 
will result in a rise In pressure In the third ventricle, 
with pressure on the hypothalamus. This pressure 
on the hypothalamus, which is situated in the floor 
and lower part of the lateral walls of the third ven
tricle, if great enough, could easily cause malfunc
tioning of the hypothalamus. 

4. The hypothalamus Is the main subcortical center 
regulating the parasympathetic and sympathetic 
parts of the autonomic system. It exerts Its Influ
ence through descending pathways In the reticular 
formation. 

5. The hypothalamohypophyseal tract Is described 
on page 377, and the hypophyseal portal system is 
described on page 379. Remember that the hypo
thalamus exerts its control over metabolic and 
visceral functions through the hypophysis cerebri 
and the autonomic nervous system. 

(c) The mammlllary body does not overlap the 
medial and lateral groups of hypothalamic 
nuclei. 

(d) The preoptlc area of the hypothalamus Is located 
between the septwn pellucidum and the optic 
chiasma 

(e) The blood-brain barrier is absent in the median 
eminence of the hypothalamus, thus permitting 
the neurons to sample the chemical content of 
the plasma directly. 

3. The following statements concern the afferent 
fibers passing to the hypothalamus: 
(a) Fibers pass from the hlppocampus to the mam

mlllary bodies, bringing information from the 
auditory system. 

(b) Olfactory Impulses reach the hypothalamus 
through the lateral forebrain bundle. 

(c) The hypothalamus receives many afferent 
fibers from the viscera via the reticular forma
tion. 

(d) The dorsomedial nucleus receives axons from 
the posterior lobe of the pituitary. 

(e) The pineal gland sends fibers via the habenular 
commlssure to the hypothalamus. 



4. The following statements concern the hypothalamus: 
(a) Somatic efferent fibers leave the hypothalamic 

nuclei via the medial and spinal lemnisci. 
(b) It does not integrate the autonomic and neuro

endocrlne systems. 
(c) The posterior portion of the hypothalamus con

trols those mechanisms that dissipate heat loss. 
( d) The nerve cells of the hypothalamus produce 

releasing and release-Inhibiting hormones that 
control the production of various hormones In 
the anterior lobe of the hypophysis. 

(e) The hunger center is probably located in the 
posterior hypothalamic nuclei. 

5. The following statements concern the functional 
activities of the hypothalamus: 
(a) The hypothalamus brings about the physi

cal changes associated with emotion, such as 
increased heart rate and flushing or pallor of 
the skin. 

(b) The medial hypothalamic nuclei are concerned 
with fluid intake. 

(c) The corticotropln-releaslng hormone (CRH) ls 
produced In the anterior nucleus of the hypo
thalamus. 

(d) The suprachiasmatic nucleus plays no part in 
controlling circadian rhythms. 

(e) The hypothalamus controls the lower auto
nomic centers by means of pathways through 
the tectospinal tract. 

6. The following statements concern the hypothalam
ohypophyseal tract: 
(a) Oxytocin inhibits the contraction of the smooth 

muscle of the uterus. 
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(b) The nerve cells of the supraoptlc and paraven
tricular nuclei produce the hormones vasopres
sin and oxytocin. 

(c) The hormones travel in lymph vessels with pro
tein carriers called neW"Ophyslns. 

(d) Vasopressln stimulates the proximal convo
luted tubules of the kidney, causing increased 
absorption of water from the urine. 

(e) The hormones are absorbed into the blood
stream in the capillaries of the anterior lobe of 
the hypophysis. 

7. The following statements concern the hypophyseal 
portal system: 
(a) It carries releasing hormones and release

Inhibiting hormones to the secretory cells of 
the anterior lobe of the hypophysis. 

(b) The production of the releasing hormones 
and the release-inhibiting hormones cannot 
be influenced by the level of the hormone pro
duced by the target organ controlled by the 
hypophysls. 

(c) The blood vessels commence superiorly in 
the median eminence and end Inferiorly in the 
vascular sinusoids of the posterior lobe of the 
hypophysis cerebri. 

(d) Efferent nerve fibers leaving the hypothalamus 
Influence the production of the releasing hor
mones by nerve cells. 

(e) The neuroglial cells of the hypothalamus are 
responsible for the production of the release
inhibiting hormones. 

f) Answers and Explanations to Review Questions 

1. C is correct. The nuclei of the hypothalamus are 
divided by an imaginary plane formed by the col
umns of the fornix and the mammillothalamic tract 
into medial and lateral groups (see Fig. 13-3). A. The 
hypothalamus lies below the thalamus and not In 
the tectum of the mldbraln (see Fig. 13-1). B. The 
hypothalamus lles In the center of the limbic sys
tem. D. The suprachiasmatic nucleus does receive 
nerve fibers from the retina. E. The lateral bound
ary of the hypothalamus is formed by the internal 
capsule. 

2. E is correct. The blood-brain barrier is absent in 
the median eminence of the hypothalamus, thus 
permitting the neurons to sample the chemical 
content of the plasma directly. A. When seen from 
the inferior aspect, the hypothalamus is related 
to the following structures: (i) the optic chiasma, 
(ii) the tuber cinereum, and (Iii) the mammlllary 
bodies (see Fig. 13-2). 8. The margins of the differ
ent hypothalamic nuclei are Ill-defined and cannot 
be seen with the naked eye. C. The mammillary 
body overlaps both the medial and lateral groups 

of hypothalamic nuclei. D. The preoptlc area of the 
hypothalamus is located between the lamina terml
nalis and the optic chiasma. 

3. C is correct. The hypothalamus receives many 
afferent fibers from the viscera via the reticular 
formation. A. Fibers pass from the hlppocampus to 
the mammillary bodies, bringing information from 
the limbic system. B. Olfactory impulses reach the 
hypothalamus through the medial forebrain bundle. 
D. The dorsomedlal nucleus of the hypothalamus 
does not receive axons from the posterior lobe of 
the pituitary. E. The pineal gland does not send 
nerve fibers to the hypothalamus. 

4. D ls correct. The nerve cells of the hypothalamus pro
duce releasing and release-inhibiting hormones that 
control the production of various hormones in the 
anterior lobe of the hypophysis. A. Somatic afferent 
fibers enter the hypothalamic nuclei via the medial 
and spinal lemnlsci. B. The hypothalamus does Inte
grate the autonomic and neuroendocrine systems, 
thus preserving homeostasis. C. The anterior portion 
of the hypothalamus controls those mechanisms that 
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dissipate heat loss. E. The hunger center is probably 
located in the lateral region of the hypothalamus. 

5. A Is correct. The hypothalamus probably brings 
about the physical changes associated with emo
tion, such as increased heart rate and flushing 
or pallor of the skin. B. The lateral hypothalamic 
nuclei are concerned with fluid intake. C. The CRH 
is produced in the paraventricular nuclei of the 
hypothalamus (see Table 13-3). D. The suprachias
matic nucleus plays an important role in controlling 
circadian rhythms. E. The hypothalamus controls 
the lower autonomic centers by means of pathways 
through the reticular formation. 

6. B is correct. The nerve cells of the supraoptic 
and paraventricular nuclei produce the hormones 
vasopressin and oxytocin. A. Oxytocin stimulates 
the contraction of the smooth muscle of the 
uterus. C. The hormones travel in the axons of 
the hypothalamohypophyseal tract with protein 
carriers called neurophysins. D. Vasopressin stim
ulates the distal convoluted tubules and collecting 

tubules of the kidney, causing increased absorp
tion of water from the urine. E. The hormones 
leave the axons of the tract and are absorbed into 
the bloodstream in the capillaries of the posterior 
lobe of the hypophysis. 

7. A is correct. The hypophyseal portal system car
ries releasing hormones and release-inhibiting hor
mones to the secretory cells of the anterior lobe of 
the hypophysis. B. The production of the releasing 
hormones and the release-inhibiting hormones can 
be influenced by the level of the hormone produced 
by the target organ controlled by the hypophysis. 
C. The blood vessels of the hypophyseal portal sys
tem commence superiorly in the median eminence 
and end inferiorly in the vascular sinusoids of the 
anterior lobe of the hypophysis cerebri. D. Afferent 
nerve fibers entering the hypothalamus influence 
the production of the releasing hormones by the 
nerve cells. E. The neuroglial cells of the hypothal
amus are not responsible for the production of the 
release-inhibiting hormones. 



Autonomic Nervous Syste~ 

CHAPTER OBJECTIVES 

• To understand the structure and physiology of the 
autonomic nervous system 

A ~year-old man underwent a right-sided pneumonec
tomy for carcinoma of the bronchus and is seen by his 
thoracic surgeon for follow-up. The patient says that he 
feels surprisingly fit and is gaining some of the weight that 
he had lost prior to the operation. His wife comments that 
the upper lid of his right eye tends to droop slightly when 
he gets tired at the end of the day. 

During a careful physical examination, the surgeon 
notices that in addition to the ptosis of the right eye, 
the patient's right pupil is constricted and that his face 
is slightly flushed on the right side. Further examination 
reveals that the skin on the right side of the face appears 
to be warmer and drier than normal. Palpation of the deep 

The autonomic nervous system (ANS) and the endo
crine system control the internal environment of the 
body. The ANS provides a fine discrete control over the 
functions of many organs and tissues, including heart 
muscle, smooth muscle, and the exocrine glands. The 
endocrine system, by means of its blood-borne hor
mones, exerts a slower more diffuse control. 

The ANS, like the somatic nervous system, has afferent, 
connector, and efferent neurons. The afferent Impulses 
originate in visceral receptors and travel via afferent path
ways to the central nervous system (CNS), where they are 
integrated. through coruiector neurons at different levels 
and then leave via efferent pathways to visceral effector 
organs. The majority of the activities of the autonomic 
system do not impinge on consciousness. 

The efferent pathways of the autonomic system are 
made up of preganglionic and postganglionic neurons. 
The cell bodies of the preganglionic neurons are situ
ated In the lateral gray colwnn of the spinal cord and 
In the motor nuclei of the 3rd, 7th, 9th, and 10th cranial 
nerves. The axons of these cell bodies synapse on the 
cell bodies of the postgangllontc neurons that are col
lected together to form ganglia outside the CNS. 

• To understand the phannacologtc differences between 
the sympathetic and parasympathetic nervous systems 

cervical group of lymph nodes reveals a large, hard, fixed 
node just above the right clavicle. 

Based on his clinical findings, the surgeon makes the 
diagnosis of a right-sided Horner syndrome. These findings 
were not present before the operation. The presence of the 
enlarged right-sided deep cervical lymph node indicates 
that the bronchial carcinoma has metastasized to the lymph 
node in the neck and is spreading to involve the cervical 
part of the sympathetic trunk on the right side. This obser
vation explains the abnonnal eye and facial skin findings. 

Knowledge of the sympathetic innervation of the struc
tures of the head and neck enables the surgeon to make 
an accurate diagnosis in this patient. 

The control exerted by the autonomic system is 
extremely rapid; it is also widespread, since one pregan
glionic axon may synapse with several postganglionic 
neurons. Large collections of afferent and efferent fibers 
and their associated ganglia form autonomic plex:wleS 
in the thorax, abdomen, and pelvis. 

The visceral receptors Include chemoreceptors, 
baroreceptors, and osmoreceptors. Paln receptors are 
present in viscera and certain types of stlmull, such as 
lack of oxygen or stretch, can cause extreme pain. 

The information provided in thls chapter is extensively 
used in clinical practice. The examples of autonomic 
innervations given are important and are commonly used 
by examiners to construct good questions. 

ORGANIZATION 
The ANS Is distributed throughout the central and periph
eral nervous systems. It ls divided into two parts, the 
sympathetic and the parasJmpathettc and, as empha
sized earlier, consists of both afferent and efferent fibers. 
This division between sympathetic and parasympatheUc 
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ts made on the basis of anatomic differences, differences 
in the neurotransmitters, and dUferences in the physio
logic effects. 

Both the sympathetic and parasympathetic divisions 
produce opposite effects in most organs and are thus 
considered as physiologic antagonists. However. both 
divisions operate in conjunction with one another and 
the balance in the activities maintains a stable internal 
environment. 

Sympathetic Part 
The sympathetic system Is the larger of the two parts 
of the autonomic system and Is widely distributed 
throughout the body, innervating the heart and lungs, 
the muscle In the walls of many blood vessels, the hair 
follicles and the sweat glands, and many abdominopel
vlc viscera. 

The function of the sympathetic system is to prepare 
the body for an emergency. The heart rate is increased, 
arterioles of the skin and intestine are constricted, 
arterioles of skeletal muscle are dilated, and the blood 
pressure is raised. Blood is redistributed; thus, it leaves 
the skin and gastrointestinal tract and passes to the 
brain, heart, and skeletal muscle. In addition, the sym
pathetic nerves dilate the pupils; inhibit smooth muscle 
of the bronchi, intestine, and bladder wall; and close 
the sphincters. The hair Is made to stand on end, and 
sweating occurs. 

The sympathetic system consists of the efferent outflow 
from the spinal cord, two ganglionated sympathetic trunks, 
important branches, plexuses, and regional ganglia. 

Efferent Nerve Fibers (Sympathetic Outflow) 

The lateral gray columns (horns) of the spinal cord from 
the first thoracic segment to the second lumbar segment 
(sometimes third lumbar segment) possess the cell 
bodies of the sympathetic connector neurons (Fig. 14-1). 
The myelinated axons of these cells leave the cord in the 
anterior nerve roots and pass via the white ram1 com
munlcantes (the white raml are white because the nerve 
fibers are covered with white myelln) to the paraverte
bral ganglia of the sympathetic tnmk. Once these fibers 
(preganglionlc) reach the ganglia in the sympathetic 
trunk, they are distributed as follows: 

1. They synapse with an excltor neuron in the ganglion. 
The gap between the two neurons ls bridged by the 
neurotransmitter acetylchollne (ACh). The post
gangllonic nonmyellnated axons leave the ganglion 
and pass to the thoracic spinal nerves as gray ram1 
communlcantes (the gray rauli are gray be<:ause 
the nerve fibers are devoid of myelin). They are dis
tributed in branches of the spinal nerves to smooth 
muscle in the blood vessel walls, sweat glands, and 
arrector pili muscle of the hairs of the skin. 

2. They travel cephalad in the sympathetic trunk to syn
apse in ganglia In the cervical region (Fig. 14-2). The 
postgangllontc nerve fibers pass via gray rami com
municantes to join the cervical spinal nerves. Many 
of the pregangllonic fibers entering the lower part of 
the sympathetic trunk from the lower thoracic and 
upper two lumbar segments of the spinal cord travel 
caudad to synapse in ganglia in the lower lumbar and 
sacral regions. Here again, the postganglionic nerve 
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Figure 14-1 General arrangement of the somatic part of the nervous system (on left) compared 
with the autonomic part of the nervous system (on right). 
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salivary glands 

Pelvic splancfmic 
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fibers pass via gray rarnt communlcantes to join the 
lumbar, sacral, and coccygeal spinal nerves. 

3. They may pass through the ganglia of the sympa
thetic trunk without synapsing. These myellnated 
fibers leave the sympathetic trunk as the greater 
aplanchnlc, leaer aplanchnlc. and lowest or leut 
aplanchnlc nerves. The greater splanchnic nerve 
is formed from branches from the fifth to the ninth 
thoracic ganglia. It descends obliquely on the sides of 
the bodies of the thoracic vertebrae and pierces the 
crus of the diaphragm to synapse with excitor cells in 
the ganglia of the cellac pleJ1:118, the renal pleJl:WI, and 
the suprarenal medulla. The lesser splanchnlc nerve 
ls formed from branches of the 10th and 11th tho
racic ganglia. It descends with the greater splanchnic 

Parotid gland 

Lungs 

Figure 14-2 Efferent part of the autonomic 
nervous system. Preganglionic parasympathetic 
fibers are shown in solid blue and postgangli
onic parasympathetic fibers are shown in inter
rupted blue. Preganglionic sympathetic fibers 
are shown in solid red and postganglionic sym
pathetic fibers are shown in interrupted red. 

nerve and pierces the diaphragm to join exdtor cells 
ln ganglia In the lower part of the ce1lac plems. The 
lowest splanchnic nerve (when present) arises from 
the 12th thoracic ganglion, pierces the diaphragm, 
and synapses with excltor neurons in the ganglia of 
the renal plezm. The splanchnic nerves, therefore, 
are formed of pregangllonic fibers. The postgangli
onic fibers arise from the e:x:citor cells in the periph
eral plexuses and are distributed to the smooth 
muscle and glands of the viscera. A few preganglionic 
fibers, traveling in the greater splanchnic nerve, end 
directly on the cells of the tuprarenal medulla. These 
medullary cells, which may be regarded as modlfted 
sympathetic excltor neurons, are responsible for the 
secretion of epinephrine and noreplnephrlne. 
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The ratio of preganglionic to postganglionic sympa
thetic fibers is about 1:10, permitting a wide control of 
involuntary structures. 

Afferent Nerve Fibers 

Afferent myelinated nerve fibers travel from the viscera 
through the sympathetic ganglia without synapsing. They 
pass to the spinal nerve via white rami communicantes 
and reach their cell bodies in the posterior root ganglion 
of the corresponding spinal nerve (see Fig. 14-1). The 
central axons then enter the spinal cord and may form 
the afferent component of a local reflex arc or ascend to 
higher centers, such as the hypothalamus. 

Sympathetic Trunks 

The sympathetic trunks are two gangllonated nerve 
trunks that extend the whole length of the vertebral 
column (see Fig. 14-2). In the neck, each trunk has 
3 ganglia; in the thorax, 11 or 12; in the lumbar region, 
4 or 5; and in the pelvis, 4 or 5. In the neck, the trunks 
lie anterior to the transverse processes of the cervical 
vertebrae; in the thorax, they are anterior to the heads 
of the ribs or lie on the sides of the vertebral bodies; In 
the abdomen, they are anterolateral to the sides of the 
bodies of the lumbar vertebrae; and in the pelvis, they 
are anterior to the sacrum. Below, the two trunks termi
nate by joining together to form a single ganglion, the 
ganglion lmpar. 

Parasympathetic Part 
The activities of the parasympathetic part of the 
autonomic system are directed toward conserving 
and restoring energy. The heart rate ls slowed, pupils 
are constricted, peristalsis and glandular activity is 
Increased, sphincters are opened, and the bladder wall 
is contracted. 

Efferent Nerve Fibers (Craniosacral Outflow) 

The connector nerve cells of the parasympathetic part 
of the ANS are located in the brainstem and the sacral 
segments of the spinal cord (see Fig. 14-2). 

Those nerve cells located in the bralnstem form 
nuclei in the following cranial nerves: the oculomotor 
(parasympathetic or Edinger-Westphal nucleus), the 
facial (superior salivatory nucleus and lacrimatory 
nucleus), the glouopharyngeal (inferior salivatory 
nucleus), and the vagus nerves (dorsal nucleus of the 
vagus). The axons of these connector nerve cells are 
myelinated and emerge from the brain within the cra
nial nerves. 

The sacral connector nerve cells are found in the 
gray matter of the second, third, and fourth sacral 
segmenta of the apinal cord. These cells are not suffi
ciently numerous to form a lateral gray horn, as do the 
sympathetic connector neurons in the thoracolumbar 
region. The myelinated axons leave the spinal cord in 
the anterior nerve roots of the corresponding spinal 
nerves. They then leave the sacral nerves and form the 
pelvic aplanchnlc nerves. 

The myelinated efferent fibers of the craniosacral 
outflow are preganglionic and synapse in peripheral 
ganglia located close to the viscera they Innervate. Here 
again, acetylcholine is the neurotransmitter. The cranial 
parasympathetic ganglia are the clllary, pterygopal
atine, aubmandlbular, and otlc. In certain locations, 
the ganglion cells are placed in nerve plexuses, such 
as the cardiac plexW11 pulmonary plexus, myenterlc 
plexus (Auerbach plexus), and submucosal plexus 
(Meissner plexus); the last two plexuses are associated 
with the gastrointestinal tract. The pelvic splanchnic 
nerves synapse in ganglia in the hypogastrlc plexuses. 
Characteristically, the postganglionic parasympathetic 
fibers are nonmyelinated and of relatively short length 
compared with sympathetic postganglionic fibers. 

The ratio of preganglionic to postganglionic fibers is 
about 1:3 or less, which ls much more restricted than in 
the sympathetic part of the system. 

Afferent Nerve Fibers 

Afferent myellnated fibers span from the viscera to 
their cell bodies, located either in the sensory ganglia 
of the cranial nerves or in the posterior root ganglia of 
the sacrospinal nerves. The central axons then enter 
the CNS and take part in the formation of local reflex 
arcs or pass to higher centers of the ANS, such as the 
hypothalamus. 

The afferent component of the autonomic system is 
identical to the afferent component of somatic nerves, 
and it forms part of the general afferent segment of 
the entire nervous system. The nerve endings in the 
autonomic afferent component may not be activated by 
such sensations as heat or touch but rather by stretch 
or lack of oxygen. Once the afferent fibers gain entrance 
to the spinal cord or brain, they are thought to travel 
alongside, or mixed with, the somatic afferent fibers. 

LARGE AUTONOMIC PLEXUSES 
Large collections of sympathetic and parasympathetic 
efferent nerve fibers and their associated ganglia, 
together with visceral afferent fibers, form autonomic 
nerve plexuses (a collection of nerve fibers that form 
a network, possibly containing nerve cells) in the tho
rax, abdomen, and pelvis. Branches from these plex
uses innervate the viscera. The thorax contains the 
cardiac, pulmonary, and esophageal plexuses. In the 
abdomen, the plexuses are associated with the aorta 
and its branches, and subdivisions of these autonomic 
plexuses are named according to the branch of the 
aorta along which they are lying: celiac, superior mes
enteric, inferior mesenteric, and aortic plexuses. The 
pelvis contains the superior and inferior hypogastrlc 
plexuses. 

AUTONOMIC GANGLIA 
The autonomic ganglion (a knotllke mass of nerve cells 
found outside the CNS) is the site where preganglionic 
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Figure 14-3 .A: An autonomic: ganglion as an inte· 
grator. Shows SIF cells. B: The liberation of acetylcho
line (ACh) at an autonomic synapse. B Cholinesterase 

nerve fibers synapse on postganglionic neurons 
(Fig. 14-3). Note that this term must be distinguished 
from the ganglion within the CNS consisting of nuclear 
groups (e.g., basal ganglia). Ganglia are situated along 
the course of efferent nerve fibers of the ANS. Sympa
thetic ganglia form part of the sympathetic trunk or 
are prevertebral ln position (e.g., cellac and superior 
mesenteric ganglla). Parasympathetic ganglla, on the 
other hand, are situated close to or within the walls of 
the viscera. 

An autonomic ganglion consists of a collectlon of 
multipolar neurons together with capsular or satellite 
cells and a connective tissue capsule. Nerve bundles are 
attached to each ganglion and consist of preganglionic 
nerve fibers that enter the ganglion, postganglionic 
nerve fibers that have arisen from neurons within the 
ganglion and are leaving the ganglion, and afferent and 
efferent nerve fibers that pass through the ganglion with
out synapsing. The preganglionlc fibers are myelinated, 

small, and relatively slow-conducting B fibers. The 
postganglionic fibers are unmyelinated, smaller, and 
slower-conducting C fibers. 

The structure of synapses in autonomic ganglia 
shows the characteristic membrane thickening and 
small clear vesicles as well as some larger granular ves
icles. The smaller vesicles contain ACh; the content of 
the granular vesicles is wiknown. 

Although an autonomic ganglion is the site where 
pregangllonlc fibers synapse on postganglionlc neu
rons, the presence of small interneurons has been 
recognized. These cells exhibit catecholamine fluores
cence and are referred to as anall lntemely fluorescent 
(SIF) cells. In some ganglia, these intemeurons receive 
preganglionic cholinergic fibers and may modulate 
ganglionic transmission. In other ganglia, they receive 
collateral branches and may serve some Integrative 
function. Many SIF cells contain dopamine, which Is 
thought to be their transmitter. 
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PREGANGLIONIC TRANSMITIERS 
As the pregangllonlc nerve fibers approach their ter
mination, they wind around and between the dendrltlc 
processes of the postganglionic neW'On, making mul
tiple synaptic contacts. When the wave of excitation 
reaches the synaptic contacts, the synaptic transmitter 
is liberated, crosses the synaptic cleft to reach the 
receptor, and excites the postganglionic neuron (see 
Fig. 14-38). 

The synaptic transmitter that excites the postgangli
onlc neurons in both sympathetic and parasympathetic 
ganglia ls ACh (Fig. 14-4). The action of ACh in auto
nomic ganglia ls quickly terminated by hydrolysis by 
acetylchollnesterue (AChE). 

Acetylcholine Receptors 
ACh receptors are located on the outside of the cell 
membrane of postganglionic neurons. They are protein 
complexes that are bound to protein molecules that 
penetrate the cell membrane. Once the ACh molecule 
binds with the receptor, the structure of the protein 
molecule of the cell membrane changes and excitation 
or inhibition of the postgangllonlc neuron takes place. 
Two types of ACh receptors exist and are known as 
nlcodnlc and muecarinlc receptors. These receptors 
are so named because nicotinic receptors respond 

Nicotinic 
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Figure 14-4 Example of the release of acetylcholine 
from a presynaptic terminal. A single presynaptic stimulus 
evokes a fast excitatory postsynaptic potential (fast EPSP) 
at a nicotinic receptor. Further stimulation may lead to 
a slow excitatory postsynaptic potential (slow EPSP) or 
a slow inhibitory postsynaptic potential (slow IPSP? at a 
muscarinic receptor. In preganglionic neurons, both sym
pathetic and parasympathetic, the release of acetylcholine 
binds predominantly with the nicotinic receptors on the 
postganglionic neurons. 

specifically to nicotine (from tobacco), and muscarinic 
receptors respond specifically to muscarlne (poison 
from toadstools). ACh is capable of blndlng to both of 
these receptors. 

In both sympathetic and parasympathetic pregangU
onic neurons, the release of ACh binds predominantly with 
the nlcotinic receptors on the postgangllonic neurons. 

FAST, SLOW, AND INHIBITORY 
SYNAPTIC POTENTIALS 
ACh activation of the postsynaptic nicotinic receptors 
on the dendrites and cell bodies of the postgangllonlc 
neurons results in a depolarization of the membrane, 
an Influx of Na .. and Ca2 .. ions, and the generation of 
the fast excitatory postsynaptlc potential (fast EPSP). 
Usually, several presynaptic axon terminals must fire 
simultaneously and summation has to occur for trans
mission along the postsynaptlc axon to take place. The 
fast EPSP reaches a maximum within about 15 msec. 

ACh ls also believed to activate small numbers of 
postsynaptic muscarinic receptors. This results in the 
development of the slow excitatory postsynaptic poten
tial (slow EPSP), which lasts for 2 to 5 seconds. The 
underlying mechanism is complicated, and the slow 
potential occurs when the Na .. and Ca2+ channels are 
open and M-type K .. channels close: this leads to mem
brane depolarization. Late slow EPSP lasting as long as 
1 to 2 minutes can also be produced by neuropeptlde 
transmitters. 

The activation of postsynaptlc muscarlnic receptors 
may also result ln the development of the slow Inhib
itory postsynaptic potential (slow IPSP), which lasts 
about 10 seconds. The IPSP results from the opening 
of K• channels, permitting K .. ions to flow out into the 
synaptic space, producing hyperpolarization. 

The existence of these complex postsynaptic poten
tials in both sympathetic and parasympathetic ganglia 
(see Fig. 14-4) illustrates how the postsynaptlc mem
brane potential can be altered and ganglionic transmis
sion modulated. 

GANGLION-STIMULATING AGENTS 
Stimulating drugs, such as nicotine, lobellne, and 
dimethylphenylpiperazinium, stimulate sympathetic 
and parasympathetic ganglia by activating the nicotinic 
receptors on the postsynaptic membrane and produc
ing a fast EPSP. 

GANGLION-BLOCKING AGENTS 
The two types of ganglion-blocking agents are depo
larizing and nonpolarizing. Nicoline in high concentra
tions acts as a blocklng agent by first stimulating the 
postganglionic neuron and causing depolarization and 
then by maintaining depolarization of the excitable 
membrane. During this latter phase, the postganglionic 



neuron will fall to respond to the administration of any 
stimulant, regardless of the type of receptor it activates. 

Heumethonlum. and tetraethylammonlum block. 
ganglla by competing with ACh at the nicotlnlc receptor 
sites. 

POSTGANGLIONIC NERVE ENDINGS 
The postganglionic fibers terminate on the effector 
cells without special discrete endings. The axons run 
between the gland cells and the smooth and cardiac 
muscle fibers and lose their covering of Schwann cells. 
At sites where transmission occurs, clusters of vesicles 
are present within the a:xoplasm (see Fig. 3-35). The site 
on the axon may Ile at some distance from the effector 
cell; thus, the transmission time may be slow at these 
endings. The diffusion of the transmitter through the 
large extracellular distance also permits a given nerve 
to have an action on a large number of effector cells. 

POSTGANGLIONIC TRANSMITIERS 
Parasympathetic postganglionic nerve endings liber
ate ACh as their transmitter substance (Fig. 14-5). All 
neurons that release ACh at their endings are called 
chollnerglc (work like ACh). The ACh traverses the 
synaptic cleft and binds reversibly with the chollnerglc 
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(mmcarlnlc) receptor on the postsynaptic membrane. 
Within 2 to 3 msec, ACh ls hydrolyzed into acetic acid 
and choline by the enzyme AChE, which Is located on 
the surface of the nerve and receptor membranes. The 
choline is reabsorbed Into the nerve ending and used 
again for synthesis of ACh. 

Most sympathetic postgangllonlc nerve endings llb
erate noreplnephrlne as their transmitter substance. 
In addltlon, some sympathetic postganglionlc nerve 
endings, particularly those that end on cells of sweat 
glands and the blood vessels in skeletal muscle, release 
ACh, which binds with muscarinic receptors on the 
postsynaptic membrane. 

Sympathetic endings that use noreptnephrlne are 
called adrenerglc encllql. The two major kinds of recep
tors in the effector organs are called a and P recepton. 

Two subgroups of a receptors (a1 and a.i receptors) 
and two subgroups of Preceptors @1 and132 receptors) 
have been described. Noreplnephrine has a greater 
effect on a receptors than on ~ re<:eptors. Phenyleph· 
rlne is a pure « stimulator. The bronchodilating drugs, 
such as metaproterenol and albuterol, mainly act on 
p2 receptors. As a general rule, a receptor sites are 
associated with most of the excitatory functions of the 
sympathetic system (e.g .. smooth muscle contraction, 
vasoconstrlctlon, dlaphoresls), whereas the P recep
tor sites are associated with most of the inhibitory 
functions (e.g., smooth muscle relaxation). 132 Recep
tors are mainly in the lung, and stimulation results in 
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Figure 14-5 Efferent parts of the autonomic nervous 
system and the chemical transmitter substances 
released at the nerve endings. (ACh, acetylcholine; 
N. ep •• norepinephrine.} 
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bronchodilatlon. ~1 Receptors are in the myocardium, 
where they are associated with excitation. 

The action of norepinephrine on the receptor site 
of the effector cell is terminated by reuptak.e into the 
nerve terminal, where it ls stored In presynaptlc ves
icles for reuse. Some of the noreplnephrlne escapes 
from the synaptic cleft Into the general circulation and 
is subsequently metabolized in the liver. 

OTHER POSTGANGLIONIC 
TRANSMITTERS 
Sympathetic and parasympathetic postgangllonic neu
rons have been shown to liberate substances other 
than ACh or norepinephrine at their endings; these 
include adenosine triphosphate (ATP), neuropeptide 
Y, and substance P. These substances may be released 
alone or from neurons that release ACh or norepineph
rine; they have their own specific receptors. The fwtc
tlon of these transmitters Is probably to modulate the 
effects of the primary transmitter. 

CHOLINERGIC RECEPTOR BLOCKADE 
In the case of the parasympathetic and the sympathetic 
postganglionic nerve endings that liberate ACh as the 
transmitter substance, the receptors on the effector 
cells are mmcarlnlc. This means that the action can 
be blocked by atropine. Atropine competitively antago
nizes the muscarinic action by occupying the choliner
glc receptor sites on the effector cells. 

ADRENERGIC RECEPTOR BLOCKADE 
The cx-adrenergic receptors can be blocked by agents 
such as phenoxybenzamlne, and the p..adrenergic 
receptors can be blocked by agents such as propran
oloL The synthesis and storage of norepinephrine at 
sympathetic endings can be inhibited by re8el'plne. 

HIGHER CONTROL 
The hypothalamus has a controlling influence on the 
ANS and appears to integrate the autonomic and neuro
endocrine systems, thus preserving body homeostasis 
(Fig. l~. Essentially, the hypothalamus should be 

Hypothalamus 

Feedbacll: 

regarded as a higher nervous center for the control of 
lower autonomic centers In the brainstem and spinal 
cord. 

Stimulation of the anterior region of the hypothala
mus can influence parasympathetic responses, whereas 
stlmulatlon of the posterior part of the hypothalamus 
gives rise to sympathetic responses. In additlon, lower 
brainstem centers such as vuopreuor, vaodllator, 
cardloaccelerator, cardloclecelerator, and re1plratory 
centers have been found in the reticular formation as 
the result of experimental stimulation in more primi
tive animals. The various levels of control are believed 
to be exerted as the result of interconnections of the 
different regions by ascending and descending path
ways. The neurons of the thoracolumbar outflow of the 
sympathetic part of the system and the neurons of the 
cranlosacral outflow of the parasympathetic part of the 
system receive their control through the descending 
tracts of the reticular formation. 

Stimulation of different parts of the cerebral cortex 
and the limbic system produces autonomic effects, and 
this is presumably brought about through the hypothal
amus. The ANS can be brought under voluntary control 
to some extent. This is seen, for example, in young indi
viduals who may blush easily when embarrassed. As 
they mature, they are usually able to consciously train 
themselves to control this response. Also note that the 
higher centers of the brain can abnormally Influence 
the activities of the ANS and Induce diseases such as 
cardiac palpitations (arrhythmias) and even myocardial 
Infarction. 

ENTERIC NERVOUS SYSTEM 
Two important plexuses of nerve cells and fibers 
extend continuously along and around the length of the 
gastrointestinal tract from the esophagus to the anal 
canal. The submucous or Meissner plexus Iles between 
the mucous membrane and the circular muscle layer, 
and the myenteric or Auerbach plexus lies between 
the circular and longitudinal muscle layers. The sub
mucous plexus is mainly concerned with the control 
of the glands of the mucous membrane, whereas the 
myenterlc plexus controls the muscle and movements 
of the gut wall. 

Different types of neurons have been recognized in 
the plexuses. Some neurons are bipolar or unipolar 
and are thought to be sensory and involved in local 
reflex activity; other neurons send axons to the celiac 

Feedback 

Autonomic 
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Figure 14-6 Hypothalamus as the 
control center for the autonomic 
nervous system and the neuroen
docrine system. 
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and mesenteric plexuses. Preganglionic parasympa
thetic fibers synapse on nerve cells that give rise 
to postganglionic fibers that innervate the smooth 
muscle and glands. Postganglionic sympathetic fibers 
have been seen to terminate on parasympathetic 
nerve cells and probably exert an inhibitory role 
ln parasympathetic activity. Internunclal neurons 
are also present. Interestingly, the nerve cells and 
their processes are surrounded by neuroglialike cells 
that closely resemble astrocytes in the CNS. It has 
been suggested that while the enteric plexuses can 
coordinate the activities of the gut wall, the para
sympathetic and sympathetic inputs modulate these 
activities. 

FUNCTIONS 
The ANS, along with the endocrine system, maintains 
body homeostasis. The endocrine control is slower and 
exerts its influence by means of blood-borne hormones. 

The ANS functions for the most part at the subcon
scious level. We are not aware, for example, that our 
pupils are dilating or that our arteries are constricting. 
The system should not be regarded as an isolated 
portion of the nervous system; it can play a role 
with somatic activity ln expressing emotion and cer
tain autonomic activities, such as micturition, can be 
brought under voluntary control. The various activities 
of the autonomic and endocrine systems are integrated 
within the hypothalamus. 

The sympathetic and parasympathetic components 
of the ANS cooperate in maintaining the stability of 
the internal environment. The sympathetic part pre
pares and mobilizes the body in an emergency when 
sudden severe exercise, fear, or rage occurs. The 
parasympathetic part aims at conserving and storing 
energy, for example, in the promotion of digestion and 
the absorption of food by increasing the secretions of 
the glands of the gastrointestinal tract and stimulating 
peristalsis. 

The sympathetic and parasympathetic parts of the 
ANS usually have antagonistic control over a viscus. 
For example, the sympathetic activity will increase the 
heart rate, whereas the parasympathetic activity will 
slow the heart rate. The sympathetic activity will make 
the bronchial smooth muscle relax, but the muscle is 
contracted by parasympathetic activity. 

However, many viscera do not possess this fine dual 
control from the ANS. For example, the smooth muscle 
of the hair follicles (the arrector pili muscle) is made to 
contract by the sympathetic activity without parasym
pathetic control. 

The activities of some viscera are kept under a con
stant state of inhlbltion by one or the other components 
of the ANS. The heart in a trained athlete is maintained 
at a slow rate by the activities of the parasympathetic 
system. This is of considerable importance because the 
heart is a more efficient pump when contracting slowly 
than when contracting very quickly, thus permitting 
adequate diastolic filling of the ventricles. 

DIFFERENCES BETWEEN 
SYMPATHETIC AND 
PARASYMPATHETIC SYSTEMS 
Important anatomic, physiologic, and pharmacologic 
differences between the sympathetic and parasympa
thetic parts of the ANS are shown in Table 14-1. 

1. The sympathetic efferent nerve fibers orlglnate (see 
Fig. 14-2) from nerve cells in the lateral gray column of 
the spinal cord between the first thoracic and second 
lumbar segments (the thoracic outOow). The para
sympathetic efferent nerve fibers originate from nerve 
cells in the 3rd, 7th, 9th, and 10th cranial nerves and 
in the gray matter of the 2nd, 3rd, and 4th sacral seg
ments of the cord (the cranlmacral outOow). 

2. The sympathetic ganglia are located either in the para
vertebral sympathetic trunks or In the prevertebral 
ganglia, such as the celiac ganglion. The parasympa
thetic ganglion cells are located as small ganglia close 
to the viscera or within plexuses within the viscera. 

3. The sympathetic part of the autonomic system has 
long postgangllonic fibers, whereas the parasympa
thetic system has short fibers (see Fig. 14-5). 

4. The sympathetic part of the system has a widespread 
action on the body as the result of the preganglionic 
fibers synapsing on many postganglionic neurons 
and the suprarenal medulla releasing the sympa
thetic transmitters epinephrine and norepinephrine, 
which are distributed throughout the body through 
the bloodstream. The parasympathetic part of the 
autonomic system has a more discrete control, since 
the preganglionic fibers synapse on only a few post
ganglionic neurons with no comparable organ to the 
suprarenal medulla. 

5. The sympathetic postganglionic endings liberate nor
epinephrine at most endings and ACh at a few endings 
(e.g., sweat glands). The parasympathetic postgangli
onic endings liberate ACh. 

6. The sympathetic part of the autonomic system pre
pares the body for emergencies and severe muscular 
activity, whereas the parasympathetic part conserves 
and stores energy. 

To assist with the learning of the different actions 
of these two components of the autonomic system, 
imagine that sympathetic activity would be maximal in 
a man who finds himself suddenly alone in a field with 
a bull that is about to charge. His hair will stand on 
end with fear; his skin will be pale as the result of vaso
constriction, which causes a redistribution of blood 
away from the skin and viscera to the heart muscle and 
skeletal muscle. His upper eyelids will be raised and his 
pupils will be widely dilated so that he can see where 
to run. His heart rate will rise and the peripheral resis
tance of the arterioles will be increased, causing a rise 
in blood pressure. His bronchi will dilate to permit max
imum respiratory flow of air. His peristaltic activity will 
be inhibited and his gut sphincters will be contracted. 
His veslcal sphincter will also be contracted (thls Is 
certainly not the time to be thinking of defecation or 
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Table 14-1 Anatomic, Physiologic, and Pnarmacologic Characteristics of Sympathetic Versus 
Parasympathetic Systems 

Action 

Outflow 

Prepares body for emergency Con$$rves and restores energy 
-----------+~ 

T1-L2 (3) Cranial nerves Ill, VII, IX, and X; S2-S4 

Preganglionic fibers --------+-M_,_yelinated _J Myelinated 
Ganglia Paravertebral (sympathetic trunks}. Small ganglia close to viscera (e.g .• 

prevertebral (e.g., celiac, $Uperior otic, ciliary) or ganglion cell$ in 
mesenteric, inferior mesenteric} plexuses (e.g •• cardiac, pulmonary) 

---+-
Neurotransmitter wiUiin ganglia 

Ganglion-blocking agents 

Ac:etylcholine Acetylcholine 

Hexamettionium and tetraethylammo-I Hexamethonium and tetraethylam-

1 

nium by competing with acetylcholine monium by competing with 
------+-· _ acetylcholine __ 

Postganglionic fibers Long, nonmyelinated Short, nonmyelinated ----- -
Characteristic activity Widespread due to many postganglionic Discrete action with few 

fibers and liberation of epinephrine and postganglionic fibers 
orepinephrine from suprarenal medulla 

Neurotransmitter at postganglionic repinephrine at most endings and Acetylcholine at all endings 
endings acetylcholine at few endings {sweat 

glands) 

Blocking agents on receptors of effector I a-Adrenergic receptors-
cell$ phenoxybenzamine 

Atropine, scopolamine 

P-Adrenergic receptors
propranolol 

~~~~~--1-~~~~~~~~~~~~-

A 9 en ts inhibiting synUiesis and storag Reserpine 
of neurotransmitter at postganglionic 
endings 

Agents inhibiting hydrolysis of neuro
transmitter at site of effector cells 

Acetylcholinesterase blockers 
(e.g., neostigmine) 

Drugs mimicking autonomic activity Sympathomimetic drugs Phenylephrine: 
a receptors; lsoproterenol: P receptors 

Parasympathomimetic drugs 
Pilocarpine 

Higher control Hypottialamus 

mlcturition). Glycogen will be converted into glucose 
for energy and he will sweat to lose body heat. 

On the other hand, the parasympathetic activity 
will be great in a woman who has fallen asleep in an 
armchair after a satisfying meal. Her heart rate will 
be slow and her blood pressme will not be high. Her 
upper eyelids will droop or be closed and her pupils 
will be constricted. Her breathing will be noisy owing 
to bronchial constriction. Her abdomen may rumble 
owing to excessive peristaltic activity. She may feel the 
lnclinatlon to defecate or mlcturate. 

AUTONOMIC INNERVATIONS 
Some important ANS innervations are shown in Table 14-2. 

Eye 
Both sympathetic and parasympathetic nervous 
systems control involuntary function in the lris and 

Mettiacholine 

Hypothalamus 

lacrimal glands, whereas the eyelids are only affected 
by the sympathetic nervous system. 

Upper Lid 
The upper lid ls raised by the levator palpebrae superi
orls muscle. The major part of this muscle is formed by 
skeletal muscle innervated by the oculomotor nerve. A 
small part is composed of smooth muscle fibers inner
vated by sympathetic postganglionic fibers from the 
superior cervical sympathetic ganglion (Fig. 14-7). 

Iris 
The smooth muscle fibers of the iris consist of circu
lar and radiating fibers. The circular fibers form the 
sphincter pupillae and the radial fibers form the dilator 
pupillae. 

The sphincter pupillae is supplied by parasym
pathetic fibers from the parasympathetic nucleus 
{Edinger-Westphal nucleus) of the oculomotor nerve. 



Table 14-2 Autonomic Nervous System Effects on Body Organs 

Eye 

Glands 

Heart 

Lung 

Pupil I Diiates 

Relaxes Ciliary muscle 
-----+--

-

Lacrimal, parotid, 
submandibular, 
sublingual, nasal -

Sweat 
- I 

Reduce secretion by causing 
vasoconS1J'iction of blood vessels 

Increases secretion 

Cardiac muscle Increases force of contraction 

-Coronary arteries (mainly I Dilates <P receptors), constricts 
controlled by local ~a receptors) 
metabolic factors) 

Bronchial muscle Relaxes {dilates bronchi) 

Bronchial arteries nstricts 

Gastrointestinal tract 

Bronchial secretion ~-

Muscle in walls creases peristalsis 

- Muscle in sphincters ntracts 

-Glands I Reduces secretion by 
vasoc:onS1J'iction of blood vessels -----------+-- -------+---

8 re a ks down glycogen into glucose 
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Constricts 

Contracts 

Increase secretion 

Decreases force of contraction 

Contracts {conS1J'icts bronchi) 

Increases secretion 

Dilates 

Increases peristalsis 

Relaxes 

Increases secretion 

Liver 

Gallbladder 

Kidney 

~axes Contracts 

I Decreases output due to constriction I 
Urinary bladder 

Erectile tissue of 
penis and clitoris 

E j a cu I at ion 

Systemic arteries 

of arteries 

Bladder wall (detrusor) I Relaxes 

-+-Sp~hincter vesicae __ 1 Contracts 

---t--------------------+-
ooth muscle of vas 
minal vesicles, and 

Contracts sm 
deferens, se 
prostate 

---t------------------+~ 

Constrict Skin 

Abdominal 

Muscle 

------+--------------------i _____________________ _, Constrict 

Constrict (« 
(~ recepto 

receptors), dilate 
rs), dilate (cholinergic) ------------------------+-

rector pili muscle Contract ---+------------------+ 
pr arena I 

Cortex 

Medulla 
-------+-----------------~ 

Stimulates 

Liberates ep inephrine and 
norepinep hrine 

Contracts 

Relaxes 

Relaxes, causes erection 

- --

After synapsing in the dllary ganglion, the postgan
glionic fibers pass forward to the eyeball in the lhort 
dllary nerves. (The ciliary muscle of the eye is also 
supplied by the short ciliary nerves; see p. 406.) 

terrupted through the ciliary ganglion and reach the 
eyeball in the lhort dllary nerve.. Other sympathetic 
fibers reach the eyeball in the long dllary nerves. 

The dilator pupillae is supplied by postganglionic 
fibers from the superior cervical sympathetic ganglion. 
The postgangllonic fibers reach the orbit along the inter
nal carotid and ophthalmic arteries. They pass unln-

Lacrimal Gland 
The parasympathetic secretomotor nerve supply to the 
lacrlmal gland originates in the lacrlmatory nudeus 
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Figure 14-7 Autonomic innervation of the upper eyelid and iris (A} and the sublingual and sub
mandibular salivary glands (B). 

of the facial nerve (Fig. 14-8). The pregangllonic fibers 
reach the pterygopalatlne ganglion through the nervus 
intermedlus and its great pelroeal branch and through 
the nerve of the pterygold canal. The postganglionic 
fibers leave the ganglion and join the maxillary nerve. 
They then pass into its zygomatlc branch and the .zygo. 
maticotemporal nerve. They reach the lacrimal gland 
within the lacrimal nerve. 

The sympathetic postganglionic fibers arise from the 
superior cervical sympathetic ganglion and travel in 
the plexus of nerves around the internal carotid artery. 
They join the deep pelroeal nerve, the nerve of the 
pterygold canal, the mutllary nerve, the zygomatlc 
nerve, zygomatlcotemporal nerve, and finally the lac
rlmal nerve. They function as vasoconstrlctor fibers. 

Salivary Glands 
The involuntary action of the salivary glands is con
trolled by the ANS. These three, paired glands have 
similar sympathetic nerve origination but have unique 
parasympathetic origins. 

Submandlbular and Sublfngual Glands 
The parasympathetic secretomotor supply originates in 
the superior lallvatory nucleus of the facial nerve (see 
Fig. 14-7). The pregangllonlc fibers pass to the subman
cllbular ganglion and other small ganglia close to the 
duct through the chorda tympaDl nerve and the llnguaJ. 
nerve. Postganglionic fibers reach the submandibular 
gland either directly or along the duct. Postgangllonic 
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Flsure 14-8 Autonomic innervation of the parotid salivary gland and lacrimal gland. 

fibers to the subllngual gland travel through the lingual 
nerve. 

Sympathetic postganglionic fibers arise from the supe
rior cervical sympathetic ganglion and reach the glands 
as a plexus of nerves around the external carotid, facial, 
and lingual arteries. They function as vasoconstrictor 
fibers. 

Parotld Gland 

Parasympathetic secretomotor fibers from the Inferior 
Nllvatory nucleus of the glossopharyngeal nerve su~ 
ply the gland (see Fig. 14-8). The preganglionic nerve 
fibers pass to the otic ganglion through the tympanlc 
branch of lhe gloaopharyngeal nerve and the leuer 
pell'Olal nerve. Postgangllonlc fibers reach the gland 
through the auriculotemporal nerve. 

Sympathetic postgangllonlc fibers arise from the supe
rior cervical sympathetic ganglion and reach the gland 
as a plexus of nerves arowtd the external carotid artery. 
They function as vasoconstrictor fibers. 

Heart 
The sympathetic postgangllonlc fibers arise from the 
cervical and upper thoracic portions of the sympathetic 

trunks (Fig. 14-9). Postgangllonic fibers reach the heart 
by way of the e:uperlor, middle. and Inferior cardiac 
branches of the cervical portion of the sympathetic 
trunk and a number of cardiac branches from the tho
racic portion of the sympathetic trunk. The fibers pass 
through the cardiac pleJCU&e8 and terminate on the 
slnoab:tal and alrloventrlcular nodea, on cardiac mus
cle fibers, and on coronary arteries. Activation of these 
nerves results In cardiac acceleration, increased force of 
contraction of the cardiac muscle, and dilatation of the 
coronary arteries. The coronary dilatation Is mainly pro
duced In response to local metabolic needs rather than 
by direct nerve stimulation of the coronary arteries. 

The parasympathetic preganglionic fibers originate 
in the donal nucleus of the vagua nerve and descend 
into the thorax in the vagus nerves. The fibers termi
nate by synapsing with postganglionic neurons in the 
cardiac pleJlllleS. Postganglionic fibers terminate on 
the llnoatrlal and atrloventrfcolar nodes and on the 
coronary arteries. Activation of these nerves results In 
a reduction In the rate and force of contraction of the 
myocardium and a constriction of the coronary arter
ies. Here again, the coronary constriction Is mainly pro
duced by the reduction in local metabolic needs rather 
than by neural effects. 
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F'igure 14-9 Autonomic innervation of the heart and lungs. 

Lungs 
The sympathetic postganglionic fibers arise from the 
second to the fifth thoracic ganglia of the sympathetic 
trunk (see Fig. 14-9). The fibers pass through the pul
monary plexuses and enter the lung, where they fonn 
networks around the bronchi and blood vessels. The 
sympathetic fibers produce bronchodllatlon and sllght 
vasoconstrlctlon. 

The parasympathetic pregangllonic fibers arise from 
the donal nucleus of the vagu and descend to the 
thorax within the vagus nerves. The fibers terminate 
by synapsing with postgangllonic neurons In the pul
monary plCXU$es. The postganglionic fibers enter the 
lung, where they form networks around the bronchi 
and blood vessels. The parasympathetic fibers pro
duce bronchoconstriction and slight vasodilation and 
increase glandular secretion. 

Gastrointestinal Tract 
Stomach and Intestine (to Splenic Flexure) 

Pregangllonlc parasympathetic fibers enter the abdo
men in the anterior Qeft) and polterlor (right) wgal 
trunb (Fig. 14-10). The fibers are distributed to many 
abdominal viscera and to the gastrointestinal tract from 
the stomach to the splenic flexure of the colon. The 
fibers that pass to the gastrointestinal tract terminate 
on postgangllonlc neurons In the myenterlc (Auerbach) 

and mbmuooeal (Me18111er) plem8e& The postgangli
onic fibers supply the smooth muscle and glands. The 
parasympathetic nerves stimulate peristalsis and relax 
the sphincters; they also stimulate secretion. 

Sympathetic preganglionic nerve fibers pass through 
the thoracic part of the sympathetic trunk and enter the 
greater and leMer splanchnlc nerves. These descend 
Into the abdomen and synapse with postgangllonlc 
neurons In the c:ellac and mpedor meaenterlc gan.811•. 
The postganglionlc nerve fibers are distributed to the 
stomach and intestine as nerve plexuses around the 
branches of the celiac and superior mesenterlc arteries. 
The sympathetic nerves inhibit peristalsis and cause 
contraction of the sphincters; they also Inhibit secre
tion (see the enterlc nervous system, p. 394). 

Descending Colon, Pelvic Colon, and Rectum 

The pregangllonlc parasympathetic fibers originate 
in the gray matter of the spinal cord from the second 
to the fourth sacral segments (see Fig. 14-10). The 
fibers pass through the pelvic splanchnlc nerves 
and the nerve plexuses around the branches of the 
inferior mesenteric artery. They terminate on post
ganglionic neurons in the myenteric (Auerbach) and 
submucosal (Meissner) plexuses. The postganglionic 
fibers supply the smooth muscle and glands. The 
parasympathetic nerves stimulate peristalsis and 
secretion. 
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Figure 14-10 Autonomic innervation of the gastrointestinal tract. 

The sympathetic preganglionic nerve fibers pass 
through the lumbar part of the sympathetic trunk 
and synapse with postganglionic neurons in the Infe
rior meaentmc plexua. Postganglionic fibers are dis
tributed to the bowel as nerve plexuses around the 
branches of the Inferior mesentertc arteries. The sym
pathetic nerves Inhibit peristalsis and secretion. 

Gallbladder and Biliary Ducts 
The gallbladder and biliary ducts receive postgangli
onic parasympathetic and sympathetic fibers from the 
hepatic plexus. Parasympathetic fibers derived from 
the vagus are thought to be motor fibers to the smooth 
muscle of the gallbladder and bile ducts and Inhibitory 
to the sphincter of Oddi. 

Autonomic afferent fibers are also present. Some of 
the fibers are believed to leave the hepatic plexus and 
Join the right phrenlc nerve, thus partially explaining 
the phenomenon of referred shoulder pain in the pres
ence of gallbladder disease (seep. 410). 

Kidney 
Preganglionic sympathetic fibers pass through the 
lower thoracic part of the sympathetic trunk and the 
lowest thoracic splanchnlc nerve to join the renal 
plema around the renal artery (Fig. 14-11). The pregan
gllonlc fibers synapse with postganglionlc neurons in 
the renal plexus. The postganglionlc fibers are distrib
uted to the branches of the renal artery. The sympa
thetic nerves are va.soconstrictor in action to the renal 
arteries within the kidney. 

Preganglionic parasympathetic fibers enter the renal 
plexus from the vagus. Here, they synapse with postgan
glionic neurons whose fibers are distributed to the kidney 
along the branches of the renal artery. The parasympa
thetic nerves are thought to be vasodllator In action. 

Suprarenal Gland Medulla 
Pregangllonlc sympathetic fibers descend to the gland in 
the greater ll)Jancbnlc nerve, a branch of the thoracic 
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FtguN 14-11 Autonomic: innervation of the kidney and suprarenal gland. 

part of the sympathetic trunk (see flg. 14-11). The nerve 
fibers terminate on the secretory cells of the medulla, 
which are comparable to postgangltontc neurons. ACh 
is the transmitter substance between the nerve endings 
and the secretory cells, as at any other preganglionic 
endings. The sympathetic nerves stimulate the secretory 
cells of the medulla to increase the output of epinephrine 
and noreplnephrlne. The medulla of the suprarenal gland 
lacks parasympathetic Innervation. 

Anal Canal Involuntary Internal Sphincter 
The circular smooth muscle coat is thickened at the 
upper end of the anal canal to form the involuntary 
internal sphincter. The sphincter is innervated by 
postganglionic sympathetic fibers from the hypogutric 
ple:xusea (Fig. 14-12). Each hypogastric plexus receives 
sympathetic fibers from the aortic plems and from the 
lumbar and pelvic parts of the sympathetic trunks. The 
sympathetic nerves cause the Internal anal sphincter 
to contract. 

Urinary Bladder 
The muscular coat of the bladder is composed of 
smooth muscle, which at the bladder neck is thickened 
to form the 1pbincter vellcae. The nerve supply of the 
smooth muscle is from the hypogastric plexuses (see 
Fig. 14-12). The sympathetic postgangllonic fibers orig
inate In the first and second lwnbar ganglia of the sym
pathetic trunk and travel to the hypogastrtc plexuses. 

The parasympathetic pregangllonlc fibers arise as the 
pelvic splanchnic nerves from the second, third, and 
fourth sacral nerves; they pass through the hypogastric 
plexuses to reach the bladder wall, where they synapse 
with postganglionic neurons. 

The sympathetic nerves to the detrusor muscle have 
little or no action on the smooth muscle of the bladder 
wall and are distributed mainly to the blood vessels. 
The sympathetic nerves to the sphincter vestcae play 
only a minor role In causing contraction of the sphinc
ter In maintaining urinary continence. However, in the 
male, the sympathetic Innervation of the sphincter 
causes active contraction of the bladder neck during 
ejaculation (brought about by sympathetic action), 
thus preventing seminal fluid from entering the bladder. 
The parasympathetic nerves stimulate the contraction 
of the smooth muscle of the bladder wall and, in some 
way, inhibit the contraction of the sphincter vesicae. 

Penile and Clitoral Erection 
Jn erection, the genital erectile lbeue becomes engorged 
with blood. The initial vascular engorgement is controlled 
by the parasympathetic part of the ANS. The parasympa
thetic preganglionic fibers originate in the gray matter 
of the second, third, and fourth sacral segments of the 
spinal cord (Fig. 14-13). The fibers enter the hypogastric 
plexuses and synapse on the postganglionic neW"Ons. 
The postgangllonic fibers join the Internal pudenda! 
arteries and are distributed along their branches, which 
enter the erectile tissue. The parasympathetic nerves 



Sympathetic tn.mk 

Autonomic Innervations 403 

.~ Involuntary internal 
sphincter of anal canal 

Through hypogastric 
plexuses 

Through hypogastric 
plexuses 

/ ' 
~phincter vesicae 

82,3,4 

· - - - Pelvlc splanchnlc 
nerve 

Fl91m9 14-12 Autonomic innervation of the sphincters of the anal canal and urinary bladder. 

cause vasodilatation of the arteries and greatly increase 
the blood flow to the erectile tissue. 

Ejaculation 
During the increasing sexual excitement that occurs 
during sex play, the external urinary meatus of the glans 
penis becomes moist as a result of the secretions of 
the bulbourethral glands. Friction on the glans penis, 
reinforced by other afferent nervous impulses, results 
in a discharge along the sympathetic nerve fibers to the 
smooth muscle of the duct of the epididymis and the vas 
deferens on each side, the seminal vesicles, and the pros
tate. The smooth muscle contracts and the spennatozoa, 
together with the secretions of the seminal vesicles and 
prostate, are discharged into the prostatic urethra. The 
fluid now joins the secretions of the bulbourethral glands 
and penile urethral glands and Is then ejected from the 
penile urethra as a result of the rhythmic contractions 
of the bulbospongiosus muscles, which compress the 
urethra. Meanwhile, the sphincter of the bladder con
tracts and prevents a reflux: of the spermatozoa into 
the bladder. The spermatozoa and the secretions of the 
several accessory glands constitute the •mfnal tluld, or 
semen. At the climax of male sexual excitement. a mass 
discharge of nervous impulses takes place in the CNS. 
Impulses pass down the spinal cord to the sympathetic 
outnow (fl-L2). The nervous Impulses that pass to the 

genital organs are thought to leave the cord at the first 
and second lumbar segments in the preganglionic sym
pathetic fibers (see Fig. 14-13). Many of these fibers s~ 
apse with postganglionic neurons in the first and second 
lumbar ganglia. Other fibers may synapse in ganglia in the 
lower lumbar or pelvic parts of the sympathetlc tnmks. 
The postgangllonlc fibers are then distributed to the ws 
deferem, the eemlnal Wildes, and the~ through 
the hypogaetrlc plexmes. The sympathetlc nerves stim
ulate the contractlons of the smooth muscle in the walls 
of these structures and cause the spermatozoa, together 
with the secretions of the seminal vesicles and prostate, 
to be discharged into the urethra. 

Uterus 
Preganglionic sympathetic nerve fibers leave the spinal 
cord at segmental levels Tl2 and LI and are believed to 
synapse with ganglion cells in the sympathetlc trunk or 
possibly In the inferior hypogastric plexuses (Fig. 14-14). 
The postganglionic fibers supply the smooth muscle of the 
uterus. Parasympathetic preganglionic fibers leave the 
spinal cord at levels 52-54 and synapse with ganglion 
cells in the inferior hypogastric plexuses. Although the 
uterine muscle is largely under hormonal control, sym
pathetic Innervation may cause uterine contraction and 
vasoconstrlctlon, whereas parasympathetic fibers have 
the opposite effect. 
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Figure 14-13 Autonomic innervation of the male reproductive tract. 
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Figure 14-14 Autonomic innervation of the uterus; 
the pathway taken by the afferent sensory fibers is 
shown as well. 



Afferent pain fibers from the fundus and the body 
of the uterus ascend to the spinal cord through the 
hypogastric plexuses, entering lt through the posterior 
roots of the 10th, 11th, and 12th thoracic spinal nerves. 
Fibers from the cervix run in the pelvic splanchnic 
nerves and enter the spinal cord through the pos
terior roots of the second, third, and fourth sacral 
nerves. 

Upper Limb Arteries 
The arteries of the upper limb are innervated by sym
pathetic nerves. The preganglionic fibers originate 
from cell bodies In the second to the eighth thoracic 
segments of the spinal cord (Fig. 14-15). They pass to 
the sympathetic trunk through white rami and ascend 
in the trunk to synapse in the middle cervical, infe
rior cervical, first thoracic, or stellate ganglia. The 

Middle cervical 
sympathetic.__ __ 

ganglion • 

Inferior 
cervical -~......_ 

ganglion ~......_, 

T2~ 

A 

Lumbar and sacral 
sympathetic ganglia 

Autonomic Innervations 405 

postgangllonlc fibers join the nerves that fonn the bra
chia! plexus and are distributed to the arteries within 
the branches of the plexus. The sympathetic nerves 
cause vasoconstrlctlon of cutaneous arteries and vaso
dllatatlon of arteries that supply skeletal muscle. 

Lower Limb Arteries 
The arteries of the lower lbnb are also Innervated by 
sympathetic nerves (see Fig. 14-15). The pregangllonlc 
fibers originate from cell bodies in the lower three tho
racic and upper two or three lumbar segments of the 
spinal cord. The preganglionic fibers pass to the lower 
thoracic and upper lumbar ganglia of the sympathetic 
trunk tlll'ough white rami. The fibers synapse in the 
lumbar and sacral ganglia and the postganglionic fibers 
reach the arteries through branches of the lumbar and 
sacral plexuses. 

~-Femoral artery 

Through branches 
of lumbar and 
sac:rar plexuses 

B 

Figure 14-15 Sympathetic innervation of the arteries of the upper limb (A) and lower 
limb (B). 
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ANS PHYSIOLOGIC REFLEXES 
The ANS is Involved in important visual and cardiovas
cular reflexes. 

Direct and Consensual Light Reflexes 
Afferent nervous impulses travel from the retina 
through the optic nerve, optic chiasma. and optlc 
tract (see Fig. 11-3). A small number of fibers leave the 
optic tract and synapse on nerve cells in the pretectal 
nucleus, which lies close to the superior colllculus. The 
impulses are passed by axons of the pretectal nerve 
cells to the parasympathetic nuclei (Edinger-Westphal 
nuclei) of the oculomotor nerve on both sides. Here, the 
fibers synapse and the parasympathetic nerves travel 
through the oculomotor nerve to the clliary ganglion 
in the orbit. Finally, postganglionic parasympathetic 
fibers pass through the thort dl.lary nerves to the 
eyeball and to the constrictor pupillae muscle of the 
iris. Both pupils constrict in the consensual light reflex 
because the pretectal nucleus sends fibers to the para
sympathetic nuclei on both sides of the mldbraln. 

Accommodation Reflex 
When the eyes are directed from a distant to a near 
object, contraction of the medial rectl brings about 
convergence of the ocular axes, the lenses thicken to 
Increase their refractive power by contraction of the 
clllary muscle, and the pupils constrict to restrict the 
light waves to the thickest central part of the lenses. 
The afferent impulses travel through the optic nerve, 
the optic chlasma, the optic tract, the lateral geniculate 
body, and the optic radiation to the visual cortex (see 
Fig. 11-3). The visual cortex is connected to the eye field 
of the frontal cortex:. From here, cortical fibers descend 
through the internal capsule to the oculomotor nuclei 
in the midbrain. The oculomotor nerve travels to the 
medlal rectl muscles. Some of the descending corti
cal fibers synapse with the parasympathetic nuclei 
(Edinger-Westphal nuclei) of the oculomotor nerve on 
both sides. The parasympathetic pregangllonic fibers 

re VIII I l l.el l I '\IUl~~ 
General Considerations 
Clearly, the ANS is not an isolated part of the nervous sys
tem. It should be regarded as the part of the nervous system 
that, wlth the endocrine system, ls particularly Involved 
in maintaining the stability of the Internal environment of 
the body. Its activities are modified by the hypothalamus, 
whose function is to integrate vast amounts of afferent 
information received from other areas of the nervous sys
tem and to translate changing hormonal levels of the blood
stream into appropriate nervous and hormonal acUvltles. 

Because the ANS ls so important in malntainlng normal 
body homeostasis, not surprisingly, the system Is subject to 
many pharmacologic interventions. Propranolol and atenolol, 

then travel through the oculomotor nerve to the dll
ary ganallon in the orblt where they synapse. Finally, 
postgangllonic parasympathetic fibers pass through 
the short dllary nerves to the clllary muscle and the 
constrictor puplllae muscle of the Iris. 

Carotid Sinus and Aortic Arch Reflexes 
The carotid slnus, located in the bifurcation of the com
mon carotid artery, and the aortlc arch serve as baro
receptors. As the blood pressure rises, nerve endings 
situated in the walls of these vessels are stimulated. The 
afferent fibers from the carotid sinus ascend In the glosso
pharyngeal nerve and tenninate In the nucleus eolltarlus 
(see Figs. 11-16 and 11-17). The afferent fibers from the 
aortic arch ascend in the vagus nerve. Connector neurons 
in the medulla oblongata activate the parasympathetic 
nucleus (dorsal nucleus) of the vagus, which slows the 
heart rate. At the same time, reticulospinal fibers descend 
to the spinal cord and inhibit the preganglionic sympa
thetic outftow to the heart and cutaneous arterioles. The 
combined effect of stlmulatton of the parasympathetic 
actlon on the heart and lnhibltlon of the sympathetic 
action on the heart and peripheral blood vessels reduces 
the rate and force of contraction of the heart and reduces 
the peripheral resistance of the blood vessels. Conse
quently, the blood pressure falls. The blood pressure of 
the indMdual is thus modified by the afferent information 
received from the baroreceptors. The modulator of the 
ANS, namely. the hypothalamus, in tum, can be influenced 
by other, higher centers in the CNS. 

Bainbridge Right Atrial Reflex 

This reflex is initiated when the nerve endings In the 
wall of the right atrium and in the walls of the venae 
cavae are stimulated by a rise of venous pressure. 
The afferent fibers ascend in the vagus to the medulla 
oblongata and terminate on the nucleus of the tractua 
aolltarlu {see Fig. 11-18). Connector neurons inhibit 
the parasympathetic nucleus (dorsal) of the vagus, and 
retlculospinal fibers stimulate the thoracic sympathetic 
outflow to the heart, resulting in cardiac acceleration. 

for example, are ~renergic antagonists that can be used in 
the treatment of hypertension and lschemlc heart disease. 

Autonomic Nervous System Injury 
Trawna to the ANS Is usually limited to either sympathetic 
or parasympathetic components, rarely both at the same 
time, due to their relative locations in the thorax or cranial 
cavity, respectively. 

Sympathetic Injuries 
The sympathetic trunk In the neck can be Injured by stab 
and buJlet wounds. Traction Injuries to the first thoracic 
root of the brachia! plexus can damage sympathetic nerves 



destined for the stellate ganglion. All the.se conditions can 
produce a pregangllonlc type of Homer syndrome. Injuries to 
the spinal cord or cauda equlna can disrupt the sympathetic 
control of the bladder (seep. 402). 

Parasympathetic Injuries 
The oculomotor nerve ls vulnerable In head Injuries (herni
ated uncus) and can be damaged by compre.sslon by ane..r 
rysms In the Junction between the posterior cerebral artery 
and posterior communicating artery. The pregangllonlc 
parasympathetic fibers traveling in this nerve are situated 
In the periphery of the nerve and can be damaged. Surface 
aneurysmal compression characteristically causes dilation 
of the pupil and Joss of the visual light reflexes. 

The autonomic fibers in the facial nerve can be dam
aged by fractures of the skull Involving the temporal bone. 
The vestibuJocochlear nerve is closely related to the facial 
nerve ln the Internal acoustic meatus, so clinical findings 
lnvolvlng both nerves are common. Involvement of the 
parasympathetic fibers In the facial nerve may produce 
impaired lacrlmatlon In addition to paralysis of the facial 
muscles. 

The glossopharyngeal and vagus nerves are at risk in 
stab and bullet wounds of the neck. The parasympathetic 
secretomotor fibers to the parotld salivary gland leave the 
glossopharyngeal nerve Just below the skull; therefore, 
they are rarely damaged. 

The parasympathetic outflow in the sacral region of the 
spinal cord (S2-S4) may be damaged by spinal cord and 
cauda equlna Injuries, leading to disruption of bladder, 
rectal, and sexual functions. 

Degeneration and Regeneration of Autonomic Nerves 
The structural changes are identical to those found In other 
areas of the peripheral and central parts of the nervous sys
tem. Functional recoveries following sympathectomy oper
ations can be explained only by the assumption either that 
the operative procedure was Inadequate and nerve fibers 
were left Intact or regenerated or that alternative nervous 
pathways existed and were left undisturbed. 

The denervat.lon of viscera supplied by autonomic 
nerves is followed by their increased sensitivity to the 
agent that was previously the transmitter substance. One 
explanation Is that following nerve section, there may be 
an Increase In the number of receptor sites on the post
synaptlc membrane. Another possibility, which applies to 
endings where noreplnephrlne Is the transmitter, Is that 
the reuptake of the transmitter by the nerve terminal is 
interfered with in some way. 

Urinary Bladder Dysfunction 
Injuries to the spinal cord are followed by disruption of 
the nervous control of mlcturltion. The normal bladder Is 
Innervated as follows: 

Sympathetic Innervation is from the first and second 
lumbar segments of the spinal cord. 

Paruympathedc Innervation Is from the second, third, 
and fourth sacral segments of the spinal cord. 

Semory nerve ftben enter the spinal cord at the abow 
segments. 

The atonlc bladder occurs during the phase of spinal 
shock immediately following the injury and may last from 
a few days to several weeks. The bladder wall muscle Is 
relaxed, the sphincter veslcae ls tightly contracted (loss of 
lnhibltlon from higher levels), and the sphincter urethrae Is 
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relaxed. The bladder becomes greatly distended and ftnally 
overflows. Depending on the level of the cord injury, the 
patient may or may not be aware that the bladder Is full but 
has no voluntary control. 

The antomallc reftu bladder occurs after the patient 
has recovered from spinal shock, provided that the cord 
lesion Iles above the level of the parasympathetic outnow 
(S2-S4). This ls the type of bladder nonnal)y found In 
Infancy. The descending fibers In the spinal cord are sec
tioned, so voluntary control is not possible. The bladder 
fills and empties reflexly. Stretch receptors in the bladder 
wall are stimulated as the bladder ftlls and the afferent 
Impulses pass to the spinal cord (S2-S4). Efferent Impulses 
pass down to the bladder muscle, which contracts; the 
sphincter vesicae and the urethral sphincter both relax. 
This slmple reHex occurs every 1 to 4 hours. 

The autoDODlOU9 bladder is the condition that occurs if 
the sacral segment of the spinal cord ls destroyed or U the 
cauda equlna Is severed. The bladder has no reflex control 
or voluntary control. The bladder wall ls flaccid and the 
capacity of the bladder is greatly Increased. lt fills to capac
ity and overflows, which results in continual dribbling. The 
bladder may be partially emptied by manual compression 
of the lower part of the anterior abdominal wall, but Infec
tion of the urine and back pressure effects on the ureters 
and kidneys are Inevitable. 

Defecation 
The act of defecation Involves a coordinated reflex that 
results in the emptying of the descending colon, pelvic 
colon, rectum, and anal canal. It is assisted by a rise in the 
Intra-abdominal pressure brought about by contraction of 
the muscles of the anterior abdominal wall. The involuntary 
Internal sphincter of the anal canal normally ls innervated 
by postganglionic sympathetic fibers from the hypogastric 
plexuses, and the voluntary external sphincter of the anal 
canal ls Innervated by the Inferior rectal nerve. The desire 
to defecate Is Initiated by stlmulatlon of the stretch rece~ 
tors ln the wall of the rectum. 

Following sewre spinal cord injuries (or cauda equlna 
Injuries), the patient Is not aware of rectal distention. 
Moreover, the parasympathetic influence on the peristaltic 
activity of the descending colon, sigmoid colon, and rec
tum Is lost. In addition, control over the abdominal mus
culature and sphincters of the anal canal may be severely 
Impaired. The rectum, now an Isolated structure, responds 
by contracting when the pressure within its lumen rises. 
This local reHe:x response is much more efficient if the 
sural segments of the spinal cord and the cauda equina 
are Intact. At. be.st, however, the force of the contractions of 
the rectal wall Is small and constipation and Impaction are 
the usual outcome. The treatment of patients with spinal 
cord Injuries Is to empty the rectum with biweekly enemas; 
the use of suppositories also may be helpful. 

Erection and Ejaculation 
As described previously, erectton of the penis or clitoris ls 
controlled by the parasympathetic nerves that originate 
from the second, third, and fourth sacral segments of the 
spinal cord. Bilateral damage to the retlculosplnal tracts 
in the spinal cord above the second sacral segment of the 
spinal cord will result in loss of erection. Later, when the 
effects of spinal shock haw disappeared, spontaneous or 
reflex erection may occur U the sacral segments of the spi
nal cord are Intact. 
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Ejaculation Is controlled by sympathetic nerves that 
originate In the first and second lumbar segments of the 
spinal cord. Ejaculation brings about a flow of seminal fluid 
into the prostatlc urethra. The final ejection of the fluid 
from the penis is the result of the rhythmic contradions 
of the bulbospongtosus muscles, which compress the 
urethra. The bulbosponglosus muscles are Innervated by 
the pudendal nerve (S2-S4). Discharge of the seminal Duld 
into the bladder Is prevented by the contractlon of the 
sphincter vesicae, which is innervated by the sympathetic 
nerves (Ll-L2). As in the case of erection, severe bilateral 
damage to the spinal cord results In loss of ejaculation. 
Later, reflex ejaculation may be possible In patients with 
spinal cord transectlons In the thoracic or cervical regions. 
Some Individuals have a normal ejaculation wlthout exter· 
nal emission, and the seminal fluid passes Into the bladder 
owing to paralysis of the sphincter vesicae. 

Diseases Involving the Autonomic 
Nervous System 
The ANS can be affected by a variety of diseases that com
promise the Integrity of peripheral nerves containing sym
pathetic and parasympathetic fibers. 

Diabetes Mellitu1 
Diabetes mellitus is a common cause of peripheral nerve 
neuropathy. This Involves sensory and motor dysfunction 
and may also Include autonomlc dysfunctton. The clinical 
features of autonomic dysfunction include postural hypo
tenslon, peripheral edema. pupillary abnormalitJes, and 
impaired sweating. The cause is probably associated with 
chronic hyperglycemia. 

Horner Syndrome 
Homer syndrome consists of (1) constriction of the pupil 
(mlosls), (2) slight drooping of the eyelid (ptosls), (3) 
enophthalmos (which, although apparent, is not real and is 
caused by the ptosis; however, the orbitalis muscle is par
alyzed, and Involvement may be responsible), (4) vasodlla
tlon of skin arterioles, and (5) loss of sweatJng (anhydrosls). 
All these symptoms result from an Interruption of the sym· 
pathetic nerve supply to the head and neck. Pathologic 
causes include lesions in the brainstem or cervical part 
of the spinaJ cord that Interrupt the retlculosptnaJ tracts 
descending from the hypothalamus to the sympathetic out
Dow in the lateral gray column of the first thoracic segment 
of the spinal cord. Such lesions Include mult!ple sc:lerolls 
and syrlqomyella. Traction on the stellate ganglion due to 
a cenfcal rib or involvement of the ganglion in a metastatic 
lesion may interrupt the peripheral part of the sympathetic 
pathway. 

All patlents with Horner syndrome have mlosls and pto
sls. However, a distinction should be made between lesions 
occurring at the first neuron (the descending reticulosplnal 
fibers within the CNS), the second neuron (the pregangli· 
onlc fibers), and the third neuron (postgangllonlc fibers). 
For CKample, the clinical signs suggestive of a Hrst-neuron 
defect (central Homer syndrome) could Include contraJat
eraJ hyperesthesla of the body and loss of sweating of the 
entire half of the body. Signs suggesting a second-neuron 
involvement (preganglionic Homer syndrome) include loss 
of sweating limited to the face and neck and the presence 
of Bushing or blanching of the face and neck. Signs suggest
ing third-neuron involvement (postgangllonlc Homer syn
drome) include facial pain or ear, nose, or throat disease. 

The presence or absence of other localizing signs and 
symptoms may asslst In dlfferentlatJng the three types of 
Horner syndrome. 

Argyll Robertson Pupil 
Argyll Robertson pupil ls characterized by a small pupil, 
which Is of ftKed size and does not react to light but does 
contract with accommodation. It ls usually caused by a neu
rosyphllltlc lesion lnterruptJng the fibers that run from the 
pretectal nucleus to the parasympathetic nuclel (Edinger
Westphal nuclei) of the oculomotor nerve on both sides. The 
fact that the pupil constricts with accommodation implies 
that the connections between the parasympathetic nuclei 
and the constrictor puplllae muscle of the Iris are Intact. 

Adie Tonic Pupil Syndrome 
ln Adle tonlc pupil syndrome. the pupil has a decreased or 
absent light reflex. a slow or delayed contraction to near vision, 
and a slow or delayed dilatalion In the dark. Th1s bemgn s~ 
drome, which probably results from a disorder ot the parasym
pathetic innervaUon of the constrictor pupillae muscle, must 
be distinguished from the Argyll Robertson pupil (see above), 
which is caused by neurosyphilis. Adie syndrome can be con
firmed by looking for hypersensitivity to cholinergic agents. 
Drops commonly used for this test are 2.5% methachollne 
(Mecholyl) or 0.1% pllocarplne. The Adle tonic pupil should 
constrict when these drops are put ln the eye. These cholln
eiglc agents do not cause pupillary constriction ln mydriasls 
caused by oculomotor lesion or in drug.related m.ydriasis. 

Frey Syndrome 
Frey syndrome Is an Interesting complication that some
times follows penetrating wounds of the parotld gland. 
During the process of healing, the postgangJfonlc parasym· 
pathetic secretomotor fibers traveling In the auriculotem· 
poral nerve grow out and join the distal end of the great 
auricular nerve, whlch supplies the sweat glands of the 
overlying facial skin. By this means, a stimulus Intended for 
saliva production Instead produces sweat secretion. 

A similar syndrome may follow Injury to the facial nerve. 
During the process of regeneration. parasympathetic fibers 
normally destined for the submandibulat and sublingual 
salivary glands are diverted to the lacrfmal gland. This 
produces watering of the eyes associated with salivation, 
the so-called c:rocodlle tears. 

Hlrschsprung Disease 
Hirschsprung disease (megacolon) ls a congenltal condi· 
tion In which the myenterlc plexus (Auerbach plexus) falls 
to develop in the distal part of the colon. The involved part 
of the colon possesses no parasympathetic ganglion cells 
and peristalsis Is absent. This effectively blocks the pas
sage of feces and the proximal part of the colon becomes 
enormously distended. 

Disease Caused by Botulinum Toxin 
A very small amount of botulinum tom binds Irreversibly 
to the nerve plasma membranes and prevents the release of 
ACh at choJlnerglc synapses and neuromuscular junctions, 
producing an atroplneUke syndrome with skeletal muscle 
weakness. 

Disease Caused by Black Widow Spider Venom 
The venom of a black widow spider causes a brief release of 
AChat the nerve endings followed by a permanent blockade. 



Disease Caused by Ant1chollnesterase Agents 
AChE, which Is responsible for hydrolyzing and limiting the 
action of ACh at nerve endings, can be bloclced by certain 
drugs. Physostigmine, neostigxnine, pyridostigxnine, and 
carbamate and organophosphate Insecticides are effective 
AChE Inhibitors. Their use results in an excessive stimu
lation of the chollnerglc receptors, producing the •sLUDG 
syndrome"-salivation, lacrimation, urination, defecation, 
and gastrointestinal distress. 

Sympathectomy 
Sympathectomy, or surgical removal of a sympathetic nerve 
ganglion, can be used to treat arterial disease. 

Raynaud Disease 
Raynaud disease ls a vasospastlc disorder involving the 
digital arteries of the upper limb. The disorder is usually 
bilateral and an attack Is provoked by esposure to cold. Pal
lor or cyanosls of the fingers ls seen as well as severe pain. 
Gangrene of the tlps of the fingers may occur. 

In mild cases of Raynaud disease, the treatment ls the 
avoidance of cold and no smoking (smoking causes vaso
constriction). In more severe cases, drugs that inhibit sym
pathetic actlvlty, such as reserpine, bring about arterial 
vasodilatatlon with consequent increase In blood flow to 
the fingers. Cervlcothoraclc pregangllonlc sympathectomy 
has been used, but the long-term results are disappointing. 

Intermittent Claudic:at:ion 
Intermittent claudlcatlon, which Is common in men, Is due 
to arterial occlusive disease of the leg. lschemla of the 
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muscles produces a crampllke pain on exercise. Lumbar 
pregangllonlc sympathectomy may be advocated as a form 
of treatment In order to bring about vasodllatatlon and an 
Increase in blood flow through the collateral clrculatlon. 
Pregangllonlc sympathectomy ls performed by removing 
the upper three lumbar ganglla and the Intervening parts of 
the sympathetic trunk. 

Hypertensfon 
In the past, severe essential hypertension was treated by 
bilateral thoracolumbar sympathectomy to reduce the 
vasomotor control over the peripheral resistance and thus 
lower the blood pressure. Today, chemical blocking agents 
of the sympathetic system are widely used with great suc
cess and the resulting reduction In the force of myocardlal 
contraction reduces the arterial blood pressure. 

Referl'9d Visceral Pain 
Most viscera are Innervated only by autonomic nerves. 
Therefore, lt follows that visceral pain ls conducted along 
afferent autonomic nerves. Visceral pain ls diffuse and 
poorly localized, whereas somatic pain is intense and dis
cretely localized. Visceral pain frequently is referred to 
skln areas that are Innervated by the same segments of the 
spinal cord as the painful viscus (Fig. 1+16). The explana
tion for referred pain Is not known. One theory Is that the 
nerve fibers from the viscus and the dermatome ascend in 
the CNS along a common pathway and the cerebral cortex 
Is incapable of dlstlngulshing between the sites of origin. 
Another theory Is that under normal conditions, the viscus 
does not give rise to painful stlmull. whereas the skin area 
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Figure 14-16 Some areas of referred pain from the viscera. In the case of the 
heart, the pain is usually referred to the left side of the thorax; oc:casionally, it 
is referred to both sides. 
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repeatedly receives noxious stimuli. Because both afferent 
fibers enter the spinal cord at the same segment, the brain 
interprets the Information as coming from the skin rather 
than from the viscus. Pain arising from the gastrointestl· 
nal tract is referred to the midline. This can probably be 
explained by the fact that the tract arises embryoJoglcally 
as a mldllne structure and receives a bilateral nerve supply. 

Cardiac Patn 
PaJn originating In the heart as the result of acute myocardial 
ischemia is assumed to be caused by oxygen deficiency and 
the accumulation of metabolites, which stimulate the sen
sory nerve endings In the myocardium. The afferent nerve 
fibers ascend to the CNS through the cardiac branches of 
the sympathetic trunk and enter the spinal cord through 
the posterior roots of the upper four thoracic nerves. The 
nature of the pain varies considerably, from a severe crush
ing pain to nothing more than a mlld discomfort. 

The pain Is not felt In the heart but Is referred to the skin 
areas supplied by the corresponding spinal nerves. The skin 
areas supplied by the upper four intercostal nerves and by 
the lntercostobrachlal nerve (1'2) are therefore affected. 
The intercostobrachial nerve communicates with the medial 
cutaneous nerve of the arm and Is distributed to skin on the 
medial side of the upper part of the arm. A certain amount 
of spread of nervous information must occur within the CNS, 
as the pain is sometimes felt In the neck and the jaw. 

Myocardial infarction involving the Inferior wall or dia· 
phragmatic surface of the heart often gives rise to discom
fort In the eplgastrlum, just below the sternum. One must 
asswne that the afferent pain fibers from the heart ascend 
In the sympathetic nerves and enter the spinal cord In the 
posterior roots of the seventh, eighth, and ninth thoracic 
spinal nerves and give rise to referred pain in the T7-T9 
thoracic dermatomes in the epigastrium. 

Because the heart and the thoracic part of the esoph· 
agus probably have similar afferent pain pathways, pain 
from a.cute eeophqltls can mimic the pain of myocardial 
Infarction. 

Stomach Pain 
Referred pain from the stomach is commonly felt in the epi· 
gastrlum. The afferent pa!n fibers from the stomach ascend 

l in company with the sympathetic nerves and pass through 
the cellac plexus and the greater splanchnlc nerves. The 

Organization 

• The ANS ts divided into two parts, sympathetic and 
parasympathetic. 

• The function of the sympathetic system is to prepare 
the body for emergency by Increasing heart rate, 
constricting peripheral blood vessels, Increasing 
blood supply to muscles, and Increasing blood 
pressure. Thus, it redistributes blood to organs that 
need high performance in emergency situations. 

sensory fibers enter the spinal cord at segments T~ T9 and 
give rise to referred pain In the dermatomes T~ T9 on the 
lower chest and abdominal walls. 

Appendicular Pain 
Visceral pain from the appendix ls produced by distention 
of its lwnen or spasm of lts muscle. lt travels In nerve fibers 
that accompany sympathetic nerves through the superior 
mesenterfc plexus and the lesser splanchnic nerve to the 
spinal cord (1'10 segment). The vague referred pain ls felt 
in the region of the umbilicus, which is innervated by the 
10th lntercostal nerve (1'10 dermatome). Later, when the 
Inflammatory process Involves the parietal peritoneum In 
the right lilac fossa, which ls innervated by the 12th th~ 
raclc and 1st lumbar spinal nerves, the now somatic pain 
becomes severe and dominates the clinical picture. The 
somatic pain is localized precisely to the right lower quad
rant of the anterior abdominal wall (1'12-Ll dermatomes). 

Gallbladder Pain 
Visceral pain Impulses from the gallbladder (acute cholecys
tlUs, gallstone colic) travel in nerve fibers that accompany 
sympathetic fibers through the ceJiac plexus and the greater 
splanchnic nerves to the spinal cord (segments T~ T9). The 
vague referred pain ls felt In the dermatomes (I'~ T9) on the 
lower chest and upper abdominal walls. Should the lnflai. 
matory process spread to involve the parietal peritoneum 
of the anterior abdominal wall or peripheral diaphragm, 
the now severe somatic pain will be felt in the right upper 
quadrant of the anterior abdominal wall and through to the 
back below the Inferior angle of the scapula. Involvement 
of the central diaphragmatic parietal peritoneum, which ls 
Innervated by the phrenfc nerve (C3-C5), may give rise to 
referred pain to the tip of the shoulder, since the skin In this 
area is innervated by the supraclavicular nerves (C3-C4). 

Causalgia 
Causalgla Is a painful condition of the arm or leg accom
panied by trophic changes In the affected skin and nails. It 
commonly follows crushing or partial division of the median 
nerve in the arm or the tibial nerve in the leg. It ls thought 
that the descending impulses in the sympathetic postg~ 
gllonlc fibers In some way evoke ascending Impulses In the 
afferent pain fibers at the site of Injury. In many Instances, 
sympathectomy has relieved the pain of causalgia. 

• Efferent fibers of the sympathetic system originate 
in the lateral gray colwrms of the spinal cord. 
Myelinated axons leave the cord in the anterior root 
and pass via the white rami communicantes to the 
paravertebral ganglia of the sympathetic trunk. 

• Once these presynaptic fibers reach the sympathetic 
tnmks, they are distributed as follows: 

• Synapse with a postsynaptlc sympathetic neuron 
in the ganglion. 



• Travel superiorly or inferiorly to synapse at 
a different level of the sympathetic trunk. For 
instance, Tl fibers must travel superiorly to the 
superior cervical gangllon. 

• Pass through the ganglia without synapsing, as 
the greater, lesser, or least splanchnic nerve, to 
synapse In a prevertebral sympathetic ganglion. 

• Afferent information from the viscera travels 
through the sympathetic ganglia without synapsing 
and ascends to higher centers. 

• The function of the parasympathetic system is 
to conserve and restore energy. The heart rate 
Is slowed, pupils are constricted, peristalsis and 
glandular activity is increased, and the bladder walls 
are contracted. 

• Efferent fibers of the parasympathetic system originate 
in the parasympathetic nuclei of cranial nerves ID, VD, 
IX, and X and the sacral spinal cord segments S2-S4. 

• Presynaptic parasympathetic fibers of cranial 
nerves II, VII, and IX synapse in the parasympathetic 
ganglia of the head-specifically-ciliary, otic, 
pterygopalatlne, and submandlbular. 

• Afferent fibers from viscera travel with the cranial 
nerves and the pelvic splanchnic nerves. 

• The sympathetic system has long postganglionic 
fibers, whereas the parasympathetic has short fibers. 

Neurotransmitters 

• The pregangllonlc fibers ln both the sympathetic 
and parasympathetic systems are chollnergtc, 
meaning they synthesize and release ACh at the 
synapse. 

G Clinical Problem Solving 

1. A 35-year-0ld man is getting off the back of a truck 
when it starts to move. With his feet on the ground, 
he grabs a rail on the truck with his right hand 
and holds on. The truck continues along the road 
for one block before it stops. In the meantime, the 
man ls dragged along the road as he holds onto the 
truck. He ls seen In the emergency department in a 
state of shock, with cuts and abrasions to his legs. 
On careful examination of his right arm, the follow
ing muscles are found to be paralyzed: the flexor 
carpi ulnaris, flexor dlgltorum profundus, palmar 
and dorsal interossei, and the thenar and hypothe
nar muscles. Loss of sensation occurs on the medial 
side of the arm, forearm, and hand. The deep ten
don reflex for the biceps brachii is present, but the 
triceps reflex is absent. The pupil of the right eye 
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• The postganglionlc fibers in the parasympathetic 
are also cholinergic. 

• Most postgangllonlc sympathetic neurons release 
norepinephrine; however, fibers to sweat glands and 
blood vessels are cholinergic. 

Important Autonomic Innervations 

• The skin of the upper eyelid receives sympathetic 
innervation from the superior cervical gangllon. 

• The pupil of the iris is constricted by 
parasympathetic from cranial nerve Ill and dilated 
by sympathetic fibers from the superior cervical 
ganglion. 

• The lacrimal gland receives parasympathetic 
fibers from cranial nerve VII and sympathetic 
vasoconstrictor fibers from the superior cervical 
ganglion. 

• Submandibular and sublingual glands receive 
parasympathetic innervation from cranial nerve Vil 
and sympathetic fibers from the superior cervical 
ganglion. 

• The parotid gland receives parasympathetic fibers 
from cranial nerve IX and sympathetic fibers from 
the superior cervical gangllon. 

• The gastrointestinal tract, up to the splenic flexure, 
receives parasympathetic innervation from cranial 
nerve X and sympathetic fibers from the greater and 
lesser splanchnlc nerves. 

• The descending colon, sigmoid colon, and rectum 
receive parasympathetic innervation from the pelvic 
splanchntc nerves and sympathetic fibers from the 
lumbar part of the sympathetic trunk. 

ls constricted and the right upper eyelid droops. 
The right eyeball seems to be less prominent than 
the left. The skin of the right cheek feels warmer 
and drier and is redder in color than the left cheek. 
Using your knowledge of neuroanatomy, explain the 
clinical findings. 

2. A 3-year-old boy with a history since infancy of 
chronic constipation and abdominal distention is 
taken to a pediatrician. The chlld's mother says that 
the constipation is getting progressively worse. It 
Is not responding to laxatives and she is finding It 
necessary to give her son an enema once a week 
to relieve his abdominal distention. On physical 
examination, the child's abdomen is obviously dis
tended and a doughlike mass is palpated along the 
course of the descending colon in the left iliac fossa. 
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Examination of the rectum shows it to be empty and 
not dilated. Following an enema and repeated colon
ic irrigation with saline solution, the patient is given 
a barium enema for a radiographic examination. 
The radiograph shows a grossly distended descend
ing colon and an abrupt change in lumen diameter 
where the descending colon joined the sigmoid 
colon. Notably, the child fails to empty the colon of 
the barium. Using your knowledge of the autonomic 
nerve supply to the colon, what is the diagnosis? 
How would you treat this patient? 

3. A nervous 25-year-old woman attends her physi
cian because she is experiencing attacks of painful 
discoloration of the fourth and fifth fingers of both 
hands. She says that her symptoms started 2 years 
previously, during the winter, and affects her right 
hand first and, in subsequent attacks, her left hand 
as well. Her fingers turn white on exposure to cold 
and then become deep blue. The color change is 
confined to the distal half of each finger and is 
accompanied by an aching pain. Holding her hands 
over a hot stove or going Into a hot room is the only 
treatment that relieves the paJn. As the paJn disap
pears, she says her fingers become red and swollen. 
She tells her physician that she notices that her 
fingers are moist with sweat during some of the 
attacks. Using your knowledge of neuroanatomy, 
make the diagnosis. What is the autonomic nerve 
supply to the blood vessels of the upper limb? How 
would you treat this patient? 

4. An obese 45-year-old mother of six children is exam
ined by her physician because her symptoms are 
suggestive of gallbladder disease. She complains 
of having severe attacks of colicky pain beneath 
the right costal margin, which radiate through to 

the back beneath the right scapula The physician 
turns to a medical student and says, "Note that the 
patient complains of referred pain to the back." 
What does he mean by that statement? Explain the 
phenomenon of referred pain to the back and some
times the right shoulder in gallbladder disease. 

5. Examination of a patient with neurosyphilis indi
cates that the pupil of her left eye is small and fixed 
and does not react to light but contracts when she is 
asked to look at a near object. What Is the Innerva
tion of the Iris? Using your knowledge of neuroanat
omy, state where you believe the neurologlc lesion 
would be situated to account for these defects. 

6. A 36-year-old man Is admitted to the emergency 
department following a gunshot wound to the lower 
back. Radiographic examination reveals that the bul
let is lodged in the vertebral canal at the level of the 
third lumbar vertebra. A complete neurologic exam
ination reveals the symptoms and signs that indicate 
a complete lesion of the cauda equina. What is the 
autonomic nerve supply to the bladder? ls this patient 
going to have any interference with bladder function? 

7. On routine medical examination, a 40-year-old black 
man Is found to have essential hypertension. His 
blood pressure readings are 180 systolic and 100 
diastolic (mm Hg). How would you treat this patient 
medically? What is the action of the various types of 
drugs that are commonly used in the treatment of 
hypertension? 

8. What transmitter substances are liberated at the fol
lowing nerve endings: (a) preganglionic sympathetic, 
(b) preganglionic parasympathetic, ( c) postganglion
ic parasympathetic, (d) postganglionic sympathetic 
fibers to the heart muscle, and (e) postganglionlc 
sympathetic fibers to the sweat glands of the hand? 

Answers and Explanations to Clinical Problem Solving 

1. As a result of holding onto the moving truck with 
the right hand, this man has sustaJned a severe trac
tion injury of the eighth cervical and first thoracic 
roots of the brachia! plexus. The various paralyzed 
forearm and hand muscles together with the sen
sory loss were characteristic of Klumpke paralysis. 
In this case, the pull on the first thoracic nerve was 
so severe that the white ramus communicans to 
the inferior cervical sympathetic ganglion was tom. 
This effectively cut off the preganglionic sympa
thetic fibers to the right side of the head and neck, 
causing a right-sided Homer syndrome (pregangll
onlc type). This was exemplified by (a) constriction 
of the pupil, (b) drooping of the upper ltd, and (c) 
enophthalmos. The arteriolar vasodllatatlon due 
to loss of sympathetic vasoconstrlctor 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 the loss of the sympathetic secretomotor 
supply to the sweat glands. 

2. This 3-year-old boy has Hlrschsprung disease, a 
congenital condition in which the myenterlc plexus 
(Auerbach plexus) falls to develop In the distal 
part of the colon. The proximal part of the colon ls 
normal but becomes greatly distended due to the 
accumulation of feces. In this patient, the lower sig
moid colon, later at operation, was shown to have 
no parasympathetic ganglion cells. Thus, this seg
ment of the bowel had no peristalsis and effectively 
blocked the passage of feces. Once the diagnosis 
had been confirmed by performing a biopsy of the 
distal segment of the bowel, the treatment was to 
remove the aganglionlc segment of the bowel by 
surgical resection. 

3. This patient has given a classic history of Raynaud 
disease. The disease is much more common in 
women than in men, especially those who have a 
nervous disposition. The initial pallor of the fingers 
is due to spasm of the digital arterioles. The cyano
sis that follows is due to local capillary dilatation 



due to accwnulatlon of metabolltes. Because blood 
flow through the captllaries is absent, deoxygen
ated hemoglobin accumulates within them. During 
this period of prolonged cyanosis, the patient 
experiences severe. aching pain. On exposing the 
fingers to warmth, the vasospasm disappears and 
oxygenated blood flows back into the very dilated 
capillaries. Reactive hyperemia results, as well as 
increased tissue fluid responsible for the swelling 
of the affected fingers. The sweating of the fingers 
during the attack probably is due to the excessive 
sympathetic activity, which may be responsible in 
part for the arteriolar vasospasm. 

The arteries of the upper limb are innervated by 
sympathetic nerves. The pregangllonic fibers origi
nate from the cell bodies in the second to the eighth 
thoracic segments of the spinal cord. They ascend 
In the sympathetic trWlk to synapse In the middle 
cervical, inferior cervical, and first thoracic or 
stellate ganglla. The postganglionlc fibers join the 
nerves that fonn the brachia! plexus and are dis
tributed 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, the patient should be treated 
wlth drugs, such as reserpine, that inhibit sympathetic 
activity. This would result in arterial vasodllatation 
with consequent increase in blood flow to the fingers. 

4. The patient was suffering from gallstone colic. The 
visceral pain originated from the cystic duct or 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 fifth to the 
ninth thoracic segments of the spinal cord. The pain 
was referred to the fifth through the ninth thoracic 
dermatomes on the right side-that ts, to the skin 
over and inferior to the right scapula. 

Referred pain to the right shoulder in gallbladder 
disease is discussed on page 410. 

8 Review Questions 

Directions: Each of the numbered items in this section 
is followed by answers. Select the ONE lettered answer 
that ls CORRECT. 

1. The following statements concern the autonomic 
nervous system (ANS): 
(a) The enterlc nervous system ls made up of the 

submucous plexus of Meissner and the myenterlc 
plexus of Auerbach. 
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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 condition 
usually is due to a syphilltic lesion. The innervation 
of the iris ls described on page 396. The neurologtc 
lesion in this patient interrupted the fibers running 
from the pretectal nucleus to the parasympathetic 
nuclei of the oculomotor nerve on both sides. 

6. The urinary bladder is innervated by sympathetic 
fibers from the first and second lumbar segments of 
the spinal cord and by parasympathetic fibers from 
the second, third, and fourth sacral segments of the 
spinal cord. in this patient, the cauda equlna was sec
tioned at the level of the third lumbar vertebra. This 
meant that the pregangllonic sympathetic fibers that 
descend in the anterior roots of the first and second 
lumbar nerves were left intact, since they leave the 
vertebral canal to form the appropriate spinal nerves 
above the level of the bullet. The pregangllonlc para
sympathetic fibers were, however, sectioned as they 
descended in the vertebral canal within the anterior 
roots of the second, third, and fourth sacral nerves. 
The patient would therefore have an autonomous 
bladder and would be without any external reftex 
control. The bladder would fill to capacity and then 
overflow. Micturition could be activated by powerful 
contraction of the abdominal muscles by the patient, 
assisted by manual pressure on his anterior abdomi
nal wall in the suprapublc region. 

7. The precise cause of essential hypertension is 
Wlknown. Nevertheless, the objective of the treat
ment ls to lower the blood pressure and keep it, If 
possible, within normal limits before the compll
cations of cerebral hemorrhage, renal failure, or 
heart failure develop. The best way to accomplish 
this in patients with mild hypertension is to reduce 
the plasma fluid volume by the use of diuretics. ~ 
Receptor-blocking agents are now extensively used. 
These reduce the rate and force of contraction of 
the cardiac muscle and lower the cardiac output. 

8. (a) Acetylchollne, (b) acetylcholtne, (c) acetylcho
line, (d) noreplnephrine, and (e) acetylchollne. 

(b) The nerve fibers of the enteric nervous system 
are naked axons. 

( c) The activities of the parasympathetic part of the 
ANS are used in an emergency. 

( d) The parasympathetic part of the autonomic sys
tem contains only efferent nerve fibers. 

( e) The pretectal nucleus is concerned with the 
auditory reflexes. 
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2. The following statements concern the autonomic 
nervous system: 
(a) An Argyll Robertson pupil indicates that the 

accommodation reflex for near vision is normal 
but that the light reflex is lost. 

(b) White rami communicantes are limited to the 
thoracic part of the sympathetic trunk. 

(c) White rami communicantes contain postgangli
onic sympathetic fibers. 

( d) The greater splanchnic nerves are formed of 
nonmyelinated axons. 

(e) The lesser splanchnlc nerves arise from the 
eighth and ninth ganglia of the thoracic part of 
the sympathetic trunks. 

3. The following general statements concern the auto
nomic nervous system (ANS): 
(a) The hypothalamus has little control over the ANS. 
(b) The cerebral cortex has no control over the ANS. 
(c) A patient with Adie tonic pupil syndrome has an 

increased light reflex and a fast pupillary contrac
tion to near vision and a fast dilatation in the dark. 

( d) Pain arising in the gastrointestinal tract is referred 
to the midline. 

(e) Visceral pain frequently is referred to skin areas 
that are innervated by different segments of the 
spinal cord as the painful viscus. 

4. The following statements concern Horner syndrome: 
(a) The pupil is dilated. 
(b) The upper eyelid is retracted. 
(c) The patient has vasodilation of the facial skin 

arterioles. 
( d) The patient has excessive facial sweating. 
(e) The patient has exophthalmos. 

Directions: Each of the numbered items or incomplete 
statements In this section Is followed by answers or 
completions of the statement. Select the ONE lettered 
answer or completion that is BEST in each case. 

5. The sympathetic outflow: 
(a) arises from nerve cells that are situated in the 

posterior gray column (horn) of the spinal cord. 
(b) has preganglionic nerve fibers that leave the 

spinal cord in the posterior roots of the spinal 
nerves. 

(c) is restricted to the Tl-L2 segments of the spinal 
cord. 

(d) receives descending fibers from supraspinal 
levels that pass down the spinal cord In the 
posterior white column. 

(e) has many preganglionic nerve fibers that syn
apse in the posterior root ganglia of the spinal 
nerves. 

6. Norepinephrine is secreted at the endings of the: 
(a) preganglionic sympathetic fibers. 
(b) preganglionic parasympathetic fibers. 
(c) postganglionic parasympathetic fibers. 
( d) postganglionlc sympathetic fibers. 
(e) preganglionic fibers to the suprarenal medulla. 

7. The parasympathetic innervation controlling the 
parotid salivary gland arises from the: 
(a) facial nerve. 
(b) oculomotor nerve. 
(c) vagus nerve. 
( d) carotid plexus. 
(e) glossopharyngeal nerve. 

8. Which of the following statements best describes 
the parasympathetic part of the autonomic nervous 
system (ANS)? 
(a) It is associated with the thoracolumbar part of 

the spinal cord. 
(b) Effects are local and discrete due to pregangli

onic neurons synapsing with few postganglionic 
neurons. 

( c) It has short preganglionic axons. 
(d) It is active during an emotional crisis. 
(e) Its activity mobilizes glucose from glycogen. 

9. Antlchollnesterase drugs act at synapses by: 
(a) mimicking the action of acetylcholine at its 

receptor sites. 
(b) preventing the release of acetylcholine. 
( c) increasing the secretion of acetylcholine. 
( d) blocking the breakdown of acetylchollne. 
( e) preventing the uptake of acetylcholine by the 

nerve ending. 
10. Atropine has the following effect on the autonomic 

nervous system: 
(a) It is an anticholinesterase drug. 
(b) It increases the activity of norepinephrine. 
(c) It blocks the action of acetylchollne on effector 

sites in the parasympathetic system. 
( d) It blocks noreplnephrlne reuptake by presynap

tic terminals in the sympathetic system. 
(e) It blocks norepinephrine receptor sites. 

11. The parasympathetic outflow in the spinal cord 
occurs at levels: 
(a) SI-S2 
(b) S3-S5 
(c) Sl-S3 
(d) S2-S4 
(e) Ll-L2 

Directions: Each of the numbered items in this section 
is followed by answers. Select the ONE lettered answer 
that is CORRECT. 

12. The following statements concern autonomic inner
vation of the urinary bladder: 
(a) The parasympathetic part brings about relax

ation of the bladder wall muscle and contrac
tion of the sphincter vesicae. 

(b) The sympathetic part in the male causes relax
ation of the sphincter vesicae and does not 
prevent reflux of semen into the bladder during 
ejaculation. 

(c) The afferent fibers from the bladder reach the spi
nal cord at the first and second lumbar segments 
and the second, third, and fourth sacral segments. 

( d) The sympathetic part causes contraction of the 
sphincter urethrae. 

( e) The parasympathetic part innervates the blood 
vessels supplying the bladder wall. 



13. The following statements concern the autonomic 
innervation of the heart: 
(a) The parasympathetic part causes dilation of 

the coronary arteries. 
(b) The postgangllonlc fibers do not terminate on 

the sinoatrial and atrioventricular nodes. 
(c) The sympathetic postganglionic fibers liberate 

acetylcholine at their nerve endings. 
(d) The sympathetic nerves cause cardiac acceler

ation and increased force of contraction of the 
heart. 

(e) The neural control of dilatation of the coronary 
arteries Is more Important than the chemical 
control exerted by the products of cardiac mus
cle metabolism. 

Matching Questions. Dlrectlons: Match the numbered 
glands with the most appropriate lettered autonomic 
ganglion listed below. Each lettered option may be select
ed once, more than once, or not at all. 

14. Submandlbular gland 
15. Lacrlmal gland 
16. Nasal glands 
17. Parotld gland 
18. Sublingual gland 

(a) Otte ganglion 
(b) Submandibular ganglion 
(c) Pterygopalatlne ganglion 
( d) Clllary ganglion 
(e) None of the above 

Match the numbered autonomic ganglia with the most 
appropriate lettered viscus or muscle listed below. Each 
lettered option may be selected once, more than once, 
or not at all. 

19. Superior cervical ganglion 
20. Ciliary ganglion 
21. Celiac ganglion 
22. Inferior mesenteric 

ganglion 
23. Superior mesenteric 

ganglion 

(a) Levator palpebrae 
superioris (smooth 
muscle only) 

(b) Vermiform 
appendix 

(c) Constrictor 
puplllae 

(d) Descending colon 
(e) None of the above 

Match the numbered cranial nerves with the appropri
ate lettered nuclei listed below. Each lettered option 
may be selected once, more than once, or not at all. 

24. Facial nerve (a) Inferior sallvatory 
nucleus 

25. Oculomotor nerve (b) Edinger-Westphal 
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The following questions apply to Figure 14-17. Match 
the nwnbered areas of referred pain with the appro
priate lettered viscus originating the pain llsted below. 
Each lettered option may be selected once. more than 
once, or not at all. 

28. Number 1 
29. Number2 
30. Number3 
31. Number4 

(a) Heart 
(b) Appendix 
(c) Gallbladder 
(d) Stomach 
( e) None of the above 

I., I 

nucleus FfguN 14-17 Areas of referred pain. 
26. Glossopharyngeal nerve (c) Lacrlmatory nucleus 
27. Hypoglossal nerve ( d) None of the above 
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fi Answers and Explanations to Review Questions 

1. A ls correct. The enterlc nervous system is made 
up of the submucous plexus of Meissner and the 
myenterlc plexus of Auerbach. B. The nerve cells 
and the nerve fibers In the enterlc nervous system 
are surrounded by neurogliallke cells that closely 
resemble astrocytes. C. The activities of the para
sympathetic part of the ANS aim at conserving and 
restoring energy. D. The parasympathetic part of 
the autonomic system contains both afferent and 
efferent nerve fibers. E. The pretectal nucleus is 
concerned with the light reflex. 

2. A is correct. An Argyll Robertson pupil Indicates that 
the accommodation reflex for near vision is normal 
but that the light reflex ls lost. B. White rami commu
nlcantes are found In the thoracic and first and sec
ond lumbar parts of the sympathetic trunk. C. Gray 
raml communicantes contain postgangllonlc sympa
thetic fibers. D. The greater splanchnlc nerves are 
formed of myelinated axons. E. The lesser splanchnic 
nerves arise from the 10th and 11th ganglia of the 
thoracic part of the sympathetic trunks. 

3. Dis correct. Pain arising in the gastrointestinal tract 
is referred to the midline. A. The hypothalamus has 
great control over the ANS. B. The cerebral cortex 
can influence the ANS. C. A patient with Adle tonic 
pupil syndrome has a decreased or absent light 
reflex and a slow or delayed pupillary contraction 
to near vision and a slow or delayed dilatation in 
the dark. E. Visceral pain frequently Is referred to 
skin areas that are Innervated by the same segment 
of the spinal cord as the painful viscus. 

4. C Is correct. In Homer syndrome, the patient has 
vasodilation of the facial skin arterioles. A. The 
pupil is constricted. B. Ptosis of the upper eyelid 
occurs. D. Facial sweating is absent. E. Enophthal
mos occurs. 

5. C is correct. The sympathetic outflow Is restricted 
to Tl-L2 segments of the spinal cord (see Fig. 14-2). 

6. D Is correct. Norepinephrine is secreted at the end
ings of most postganglionlc sympathetic fibers. 

7. E ls correct. The parasympathetic innervation con
trolling the parotld salivary gland 1s the glossopha
ryngeal nerve. 

8. Bis correct. The parasympathetic part of the ANS 
produces effects that are local and discrete due to 
preganglionic neurons synapsing with few postgan
glionic neurons. 

9. D is correct. Antlcholinesterase drugs act at syn
apses by blocking the breakdown of acetylcholine. 

IO. C Is correct. Atropine blocks the action of acetyl
choline on the effector sites in the parasympathetic 
part of the autonomic system. 

11. D Is correct. The parasympathetic outflow in the spi
nal cord occurs at the level of S2-S4 (see Fig. 14-2). 

12. C ls correct. The afferent sensory fibers from the 
bladder reach the spinal cord at the first and sec
ond lumbar segments and the second, third, and 

fourth sacral segments. A. The parasympathetic 
Innervation of the bladder brings about contraction 
of the bladder wall muscle and relaxation of the 
sphincter vesicae. B. The sympathetic innervation 
of the bladder in the male causes contraction of 
the sphincter vesicae and prevents the reflux of 
semen into the bladder during ejaculation. D. The 
sphincter urethrae is not under the control of the 
autonomic nervous system; it Is made to contract 
voluntarily by the internal pudenda! nerve. E. The 
sympathetic nerves Innervate the blood vessels 
supplying the bladder wall. 

13. D is correct. The sympathetic nerves supplying 
the heart cause cardiac acceleration and increased 
force of contraction of the cardiac muscle. A. The 
parasympathetic part of the autonomic system 
brings about constriction of the coronary arteries. 
B. The postganglionic autonomic nerves to the 
heart do terminate on the sinoatrial and atrioven
tricular nodes. C. The sympathetic postganglionic 
fibers supplying the heart liberate norepinephrine 
at their endings. E. The local metabolic needs of 
the cardiac muscle exert a greater control over the 
degree of dilation of the coronary arteries than the 
neural control of the arteries. 

14. B is correct. The submandlbular salivary gland 
receives secretomotor parasympathetic nerves 
through the submandlbular ganglion. 

15. C Is correct. The lacrimal gland receives secretomo
tor parasympathetic nerves through the pterygo
palatine ganglion. 

16. C is correct. The nasal glands receive secretomotor 
parasympathetic nerves through the pterygopala
tlne ganglion. 

17. A is correct. The parotld salivary gland receives secre
tomotor parasympathetlc nerves through the otlc 
ganglion. 

18. B 1s correct. The subllngual salivary gland receives 
secretomotor parasympathetic nerves through the 
submandibular salivary ganglion. 

19. A Is correct. Thelevator palpebrae superlorls (smooth 
muscle only) Is Innervated by sympathetic fibers from 
the superior cervical sympathetic ganglion. 

20. C is correct. The constrictor pupillae is innervated 
by parasympathetic nerves from the ciliary ganglion. 

21. E is correct. The celiac ganglion gives rise to nerves 
that supply the smooth muscle of the gut from the 
gastroesophageal junction down to the middle of 
the second part of the duodenum; It also supplles 
the liver, the pancreas, and the spleen. 

22. D Is correct. The descending colon receives sympa
thetic nerves from the Inferior mesenteric ganglion. 

23. B is correct. The vermiform appendix receives 
sympathetic nerves from the superior mesenterlc 
ganglion. 

24. C is correct. Parasympathetic nerve fibers from the 
lacrimatory nucleus travel in the facial nerve and 



its branches to the pterygopalatine ganglion, syn
apse, and then pass to the lacrimal gland. 

25. B is correct. Parasympathetic nerve fibers from 
the Edinger-Westphal nucleus travel in the oculo
motor nerve to the ciliary ganglion, synapse, and 
then pass to the constrictor pupillae and the ciliary 
muscle. 

26. A is correct. Parasympathetic nerve fibers from 
the inferior salivatory nucleus travel in the 
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glossopharyngeal nerve and its branches to the 
otic ganglion, synapse, and then pass to the parotid 
salivary gland. 

27. D is correct. The hypoglossal nerve supplies the 
muscles of the tongue. 

28. D is correct. 
29. C ls correct. 
30. A is correct. 
31. B is correct. 



Meninges 

CHAPTER OBJECTIVES 

• To learn the structure and function of the three 
meninges that surround the brain and spinal cord 

• To understand the venous sinuses within the skull 
and see how the meninges contribute to their walls 

A 44-year-old woman is seen by a neurologist because she 
is experiencing intense pain in the right eye. On physical 
examination, she is found to have a slight medial strabis
mus of the right eye, and the right pupil is smaller than 
normal. Further examination reveals numbness over the 
right cheek. A computed tomography (en scan shows the 
presence of an aneurysm of the right internal carotid artery 
within the cavernous sinus. The aneurysm is about the size 
of a pea. 

The location of the carotid aneurysm within the cavern
ous sinus explains the ocular pain; pressure on the right 
abducens nerve is responsible for the paralysis of the 

BRAIN MENINGES 
The brain in the skull is surrounded by three protective 
membranes or meninges: the dura mater, the arachnoid 
mater, and the pla mater. 

Dura Mater 
The dura mater of the brain Is conventionally described 
as two layers: the endosteal layer and the meningeal 
layer (Fig. 15-1). These are closely united except along 
certain lines where they separate to form venous 
slnueea. 

The endoeteal layer is nothing more than the perlos
teum covering the inner surface of the skull bones. At 
the foramen magnum, it does not become continuous 
with the dura mater of the spinal cord. Around the 
margins of all the foramina in the skull, it becomes con
tinuous with the perlOlteum. on the outside of the skull 
bones. At the sutures, it is continuous with the llltUral 
ligaments. It Is most strongly adherent to the bones 
over the base of the skull. 
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• To appreciate the relationship of the meninges to 
the different forms of cerebral hemorrhage 

lateral rectus muscle producing the medial strabismus. 
The small pupil of the right eye is caused by the aneu
rysm pressing on the sympathetic plexus surrounding the 
carotid artery and producing paralysis of the dilator pupil
lae muscle. The numbness over the right cheek is due to 
pressure of the aneurysm on the right maxillary division 
of the trigeminal nerve as it passes forward through the 
lateral wall of the sinus. 

This patient illustrates the necessity of knowing the rela
tionships between the structures within the skull, especially 
in regions like the cavernous sinus, where so many important 
neural structures lie dose to one another. 

The meningeal layer Is the dura mater proper. It ts 
a dense, strong fibrous membrane covering the brain 
(Figs. 15-2 and 15-3) and is continuous through the fora
men magnum with the dura mater of the spinal cord. It 
provides tubular sheaths for the cranial nerves as the 
latter pass through the foramina in the skull. Outside the 
skull, the sheaths fuse with the epineurium of the nerves 
{see Fig. 15-28). 

The meningeal layer sends Inward four septa-the 
falx cerebrt, fabl: cerebelll, tentorlum cerebelll, and dla
phragma sellae-whlch dlvlde the cranial cavity lnto 
freely communicating spaces that lodge the subdivi
sions of the brain (see Flgs. 15-1 and 15-3). The function 
of these septa Is to restrict the displacement of the 
brain associated with acceleration and deceleration 
when the head is moved. 

The falx cerebrl is a sickle-shaped fold of dura mater 
that lies in the midline between the two cerebral hemi
spheres. Its narrow anterior end is attached to the inter
nal frontal crest and the crista galli. Its broad posterior 
part blends In the mldltne with the upper surface of the 
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Figure 15-1 k Coronal section of the upper part of the head showing the layers of the scalp, 
sagittal suture of the skull, falx cerebri, venous sinuses, arachnoid granulations, emissary veins, 
and relation of the cerebral blood vessels to the subarachnoid space. B: Interior of the skull 
showing the dura mater and its contained venous sinuses. 

tentorlum. cerebeW. The superior 88llttaJ. llnua runs In 
lts upper fixed margin, the IDferlor aaglttal sinus runs 
In its lower concave free margin, and the ltraight llnus 
runs along its attachment to the tentorium cerebelli. 

The tentorlum cerebdll is a crescent-shaped fold of 
dura mater that roofs over the posterior cranial fossa 
(Fig. 15-1; also see Fig. 15-4). It covers the upper surface 
of the cerebellum and supports the occipital lobes of 
the cerebral hemispheres. In the anterior edge, a gap, 
the tentortal notch, allows passage of the mldbraln, 

which produces an inner free border and an outer 
attached or fixed border. The fixed border ls attached 
to the posterior clinoid processes, the superior borders 
of the petrous bones, and the margins of the grooves 
for the transverse sinuses on the occipital bone. The 
free border runs forward at its two ends, crosses the 
attached border, and is affixed to the anterior clinoid 
process on each side. At the point where the two bor
ders cross, the third and fourth cranial nerves pass 
forward to enter the lateral wall of the cavernous sinus. 
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Figure 15...2 k Posterior view of the interior of the skull after removal of the oe<:ipital and parietal 
bones showing the arrangement of the endosteal and meningeal layers of the dura mater. The 
brainstem has been left in situ. B: The arrangement of the meninges as a cranial nerve passes 
through a foramen in the skull. 

Close to the apex of the petrous part of the tempo
ral bone, the lower layer of the tentorlum Is pouched 
forward beneath the superior pet.rosal sinus to form 
a recess for the trlgemlnal nerve and the trigemlnal 
ganglion. 

The falx cerebri and the falx cerebelli are attached 
to the upper and lower surfaces of the tentorlum, 
respectively. The straight sinus runs along its attach
ment to the falx: cerebrl, the superior petrosal sinus runs 
along its attachment to the petrous bone, and the tran&
vene llnua runs along its attachment to the occipital 
bone (see Figs. 15-1 and 15-4). 

The falz. cerebelll, a small, sickle-shaped fold of dura 
mater attached to the Internal occipital crest projects 
forward between the two cerebellar hemispheres. Its 
posterior fixed margin contains the occipital sinus. 

The dlaphragma sellae is a small, circular fold of 
dura mater that forms the roof for the sella turcica 
(Fig. 15-5). A small opening in its center allows passage 
of the stalk of the hypophysls cerebrl. 

Dur.i Nerve Supply 

Branches of the trigeminal, vagus, and the first three 
cervical spinal nerves and branches from the sympa
thetic trunk pass to the dura. 

The dura possesses numerous sensory endings that 
are sensitive to st.retching, which produces the sensa
tion of headache. Stimulation of the sensory endings of 
the trigeminal nerve above the level of the tentorium 
cerebelli produces referred pain to an area of skin on the 
same side of the head. Stimulation of the dural endings 
below the level of the tentorlwn produces pain referred 
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Figure 15-3 Faix cerebri and 1he tentorium cerebelli. Note 1he continuity between 1he 
meningeal layer of dura mater within the skull and the dura mater of the spinal cord at 
the foramen magnum. 
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Figure 15-4 Superior view of the diaphragma sellae and tentorium cerebelli. Note 1he 
position of 1he cranial nerves and venous sinuses. 
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Figure 1S..S Coronal section through the body of the sphenoid bone showing the hypophysis 
cerebri and cavernous sinuses. Note the position of the internal carotid artery and the cranial 
nerves. 

to the back of the neck and the back of the scalp along 
the distribution of the greater occipital nerve. 

Dural Arterial Supply 
Numerous arteries supply the dura mater from the 
Internal c:aro1ld, maxillary. ucencllng pharyngeal, 
occipital. and vertebral arterlea. From the clinical 
standpoint, the most important is the middle menln· 
geal artery, which can be damaged in head injuries 
(Fig.15-6). 

The middle meningeal artery arises from the max
illary artery In the lnfratemporal fossa. It enters the 
cranial cavity through the foramen 1plnOS111D. and then 
Iles between the meningeal and endosteal layers of 
dura. The artery then runs forward and laterally in a 
groove on the upper surface of the squamous part of 
the temporal bone. The anterior branch deeply grooves 
or tunnels the anterior-inferior angle of the parietal 
bone, and its course corresponds roughly to the line of 
the underlying precentral gyrus of the brain. The poste
rior branch curves backward and supplies the posterior 
part of the dura mater (Fig. 15-7). 

The meningeal velna lie in the endosteal layer of 
dura (see Fig. 15-6). The middle meningeal vein follows 
the branches of the middle meningeal artery and drains 

into the pterygoid venous plexus or the sphenoparietal 
sinus. The veins lie lateral to the arteries. 

Dural Veno11.1 Sinuses 
The venous sinuses of the cranial cavity are situated 
between the layers of the dura mater (see Figs. 15-3 to 
15-5 and 15-7). Their main function is to receive blood 
from the brain through the cerebral veins and the 
cerebrospinal fluid (CSF) from the subarachnoid space 
through the arachnoid 'rilll (see Fig. 16-18). The blood 
in the dural sinuses ultimately drains into the internal 
jugular veins In the neck. The dural sinuses are lined 
by endothelium, and their walls are thick but devoid of 
muscular tissue. They have no valves. Em•eeary veins, 
which are also valveless, connect the dural venous 
sinuses with the dlplolc velns of the skull and with the 
veins of the scalp (see Fig. 15-1). 

The superior saglttal sinus occupies the upper 
fixed border of the falx cerebri (see Figs. 15-1 and 15-4). 
It begins anteriorly at the foramen cecum, where it 
occasionally receives a vein from the nasal cavity. It 
runs posteriorly, grooving the vault of the skull; at the 
internal occipital protuberance, it deviates to one or the 
other side (usually the right) and becomes continuous 
with the corresponding tramvene 91nus. The sinus 
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Figure 15-6 Right side of the head showing the relation of the middle meningeal vessels to 
the layers of the dura mater and the skull. 

communicates through small openings with two or 
three irregularly shaped venous lacunae on each side 
(see Fig. 15-7). Numerous arachnoid villi and granula
tions project into the lacunae, which also receive the 
diploic and meningeal veins (see Fig. 15-1). 

The superior sagittal sinus in its course receives the 
superior cerebral veins (Fig. 15-1; see Fig. 17-5). At the 
Internal occipital protuberance, lt ls dilated to form 
the conlluence of the lln118e8 (see Fig. 15-4). Here, the 
superior sagittal sinus usually becomes continuous 
with the right transverse sinus; it is connected to the 
opposite transverse sinus and receives the occlpltal 
llnue. The ln!erlor eagltta1 llnue occupies the free lower 
margin of the falx cerebri (see Fig. 15-1). It runs back
ward and joins the great cerebral vein at the free mar
gin of the tentorium cerebelli to form the straight sinus 
(see Figs. 15-1and15-4). It receives a few cerebral veins 
from the medial surface of the cerebral hemispheres. 

The ltratght sinus occupies the llne of junction of the 
falx cerebrl with the tentorlum cerebelll. It ls formed by 
the union of the Inferior aaglttal sinus with the great 

cerebral vein. It ends by turning to the left (sometimes 
to the right) to form the transvene alnus. 

The tnmsvene alnU8e8 are paired structures that 
begin at the internal occipital protuberance (see Figs. 15-3 
and 15-4). The right sinus Is usually continuous with the 
superior sagittal sinus, and the left is continuous with 
the straight sinus. Each sinus occupies the attached 
margin of the tentorium cerebelli, grooving the occipital 
bone and the posteroinferior angle of the parietal bone. 
The transverse sinuses receive the superior petrolal 
slnmes, the Inferior cerebral and cerebellar veins, and 
the dlplolc veins. They end by turning downward as the 
llgmold alnUleS (see Fig. 15-4). 

The llgmold sinuses are a direct continuation of the 
transverse sinuses. Each sinus turns downward and 
medially and grooves the mastoid part of the tempo
ral bone. Here, the sinus lies posterior to the mastoid 
antrum. The sinus then turns forward and then inferi
orly through the posterior part of the jugular foramen 
to become continuous with the tuperlor bulb of the 
Internal jugular vein. 
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Figure 15·7 Superior view of the head with the calvarium removed. The greater part of the 
endosteal layer of dura mater has been removed, exposing the underlying meningeal layer of 
dura and the interior of the superior sagittal venous sinus. 

The ocdplt.al sinus ts a small sinus occupying the 
attached margin of the falx cerebelll. It commences 
near the foramen magnum where it communicates with 
the vertebral veins and drains into the confluence of 
llnueea. 

The cavernous sinuses are situated in the middle 
cranial fossa on each side of the body of the sphenold 
bone (see Pig. IS.S). Numerous trabeculae cross their 
interior, giving them a spongy appearance, hence the 
name. Each sinus extends from the superior orbital 
fissure in front to the apex of the petrous part of the 
temporal bone behind. 

The Internal carotid artery, surrounded. by its &ym· 
pathedc nerve plez:us, runs forward through the sinus. 
The abclncem nerve also passes through the sinus. The 
internal carotid artery and the nerves are separated. 
from the blood by an endothelial covering. 

The third and fourlh c:nmlaJ. nerves and the oph· 
thalmlc and mullhtry dlvlslom of the lrigemlDal 
nerve run forward in the lateral wall of the sinus. They 
Ile between the endothelial lining and the dura mater. 

The tributaries are the superior and Inferior ophthal
mlc veins, the Inferior cerebral veins, the 91>henoparl
etal sinus, and the cenlral vein of the redna 

The sinus drains posteriorly Into the superior and 
Inferior petrosal llnues and inferiorly into the ptery· 
gold venous plexus. 

The two sinuses communicate with each other by 
means of the anterior and poeterlor lnten:avemous 
lln118e8, which run in the dlaphragma sellae anterior 
and posterior to the stalk of the hypophysis cerebri 
(see Fig. 15-4). Each sinus has an important communi
cation with the facial vein through the superior ophthal
mic vein. (This is a route by which infection can travel 
from the facial skin to the cavernous sinus.) 

The superior and Inferior peb:'Ol8l lln11.1e8 are small 
sinuses situated on the superior and Inferior borders 
of the petrous part of the temporal bone on each side 
of the skull. Each superior sinus drains the cavernous 
sinus into the transverse sinus, and each Inferior sinus 
drains the cavernous sinus into the internal jugular 
vein. 



Arachnoid Mater 
The arachnoid mater is a delicate, impermeable mem
brane covering the brain and lying between the pia mater 
internally and the dura mater externally (see Fig. 15-1). 
It is separated from the dura by a potential space, the 
mbdunl ..,ace, filled by a film of fluid; it is separated 
from the pia by the mbaracbnold apace, which is filled 
wtth aw. The outer and Inner surfaces of the arachnoid 
are covered with flattened mesothelial cells. 

The arachnoid bridges over the sulcl on the surface 
of the braln, and In certain situations, the arachnoid 
and pia are widely separated to form the subarach
notd dsternae. The dsterna cerebellomedullarla lies 
between the Inferior surface of the cerebellum and the 
roof of the fourth ventricle. The dsterna fnterpeduncu
lari8 lies between the two cerebral peduncles. All the 
cisternae are in free communication with one another 
and with the remainder of the subarachnoid space. 

In certain areas, the arachnoid projects into the 
venous sinuses to form arachnoid 'ViDI. The arachnoid 
vtlll are most nwnerous along the superior sagtttal sinus. 
Aggregations of arachnoid villi are referred to as arach
noid tp'Blluladom (see Flg. 15-7). Arachnoid villi serve 
as sites where the CSF diffuses into the bloodstream. 

The arachnoid Is connected to the pia mater across 
the Ould..ftlled subarachnold space by delicate strands 
of fibrous tissue. 

Structures passing to and from the brain to the skull 
or its foramlna must pass through the subarachnold 
space. All the cerebral arteries and veins lie in the 
space, as do the cranial nerves (see Figs. 15-1 and 
15-5). The arachnoid fuses with the epineuriwn of 
the nerves at their point of exit from the skull (see 
Fig. 15-28). In the case of the optic nerve, the arach
noid forms a sheath for the nerve, which extends Into 
the orbital cavity through the optic canal and fuses 
with the sclera of the eyeball (Flg. 15-8). Thus, the 
subarachnold space extends around the optic nerve 
as far as the eyeball. 

Eyeball 
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The CSF ls produced by the chorotcl plexuses within 
the lateral, third, and fourth ventricles of the brain. 
It escapes from the ventricular system of the brain 
through the three foramina in the roof of the fourth ven
tricle and so enters the subarachnoid space. It now cir
culates both upward over the surfaces of the cerebral 
hemispheres and downward around the spinal cord. 
The spinal subarachnoid space extends down as far as 
the second aaaal vertebra (see pp. 426-427). Eventu
ally, the fluid enters the bloodstream by passing into 
the arachnoid villi and diffusing through their walls. 

In addition to removing waste products associated 
with neuronal activity, the CSF provides a fluid medlwn 
in which the brain floats. This mechanism effectively 
protects the brain from trauma. In addition, the fluid is 
now believed to play a role in honnonal transport. 

Pia Mater 
The pia mater is a vascular membrane covered by flat
tened mesothelial cells. It closely invests the brain, cov
ering the gyri and descending into the deepest sulci (see 
Ftg. 15-1). It extends out over the cranial nerves and fuses 
with their eplneurlwn. The cerebral arteries entering the 
substance of the brain carry a sheath of pla with them. 

The pla mater forms the tela choroldea of the roof of 
the third and fourth ventricles of the brain, and it fuses 
with the ependyma to form the choroid plexuses in the 
lateral, third, and fourth ventricles of the brain. 

SPINAL CORD MENINGES 
Llke the brain, the spinal cord in the vertebral column is 
also protected by three layers of meninges. 

Dura Mater 
The dura mater Is a dense, strong, fibrous membrane 
that encloses the spinal cord and the cauda equina 

Subarachnoid space filled 
Figure 15-11 Sagittal section of the eyeball 
showing the attachment of the meninges to 
the sclera. Note the extension of the sub
arachnoid space around the optic nerve to 
the eyeball. 

with cerebrospinal fluid 
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PM 

Figure 15-9 This silver stain of a cat spinal cord shows the spinal cord and its meninges: dura 
mater (DM), arachnoid mater (A) with its subarachnoid space (SS), and pia mater (PM). W, white 
matter; G, gray matter; DH, dorsal horn; VH, ventral hom; Ge, gray commissure; CC, central 
canal; VR, ventral roots; DR, dorsal roots. (From Gartner, L. P. (2018). Color atlas and text of 
histology (7th ed.). Baltimore, MD: Wolters Kluwer.) 

(Figs. 15-9 to 15-11). It ls continuous above through the 
foramen magnum with the meningeal layer of dura cov
ering the brain. Inferiorly, it ends on the filum terminate 
at the level of the lower border of the second sacral 
vertebra. The dural sheath lies loosely in the vertebral 
canal and is separated from the wall of the canal by the 
e:dradural apace. This contains loose areolar tissue 
and the Internal vertebral veno11.1 plex.ua. The dura 
mater extends along each nerve root and becomes 
continuous with the connective tissue surrowtding 
each spinal nerve (eplneurlum). The Inner surface of 
the dura mater Is In contact with the arachnoid mater 
(see Fig. 4-5). 

Arachnoid Mater 
The arachnoid mater is a delicate impermeable mem
brane that covers the spinal cord and lies between 
the pia mater internally and dura mater externally. It 
Is separated from the pla mater by a wide space, the 
subarachnold tpaee. which Is fllled with CSF. The 

subarachnotd space Is crossed by a number of fine 
strands of coimective tissue. The arachnoid mater Js 
continuous above through the foramen magnum with 
the arachnoid covering the brain. Inferiorly, it ends on 
the fllum termlnale at the level of the lower border of 
the second sacral vertebra (see Figs. 15-10 and 15-11). 
The arachnoid mater continues along the spinal 
nerve roots, forming small lateral extensions of the 
subarachnoid space. 

Pia Mater 
The pia mater, a vascular membrane that closely covers 
the spinal cord (see Fig. 15-98), is thickened on either 
side between the nerve roots to form the llgamentum 
dendculatum, which passes laterally to adhere to the 
arachnoid and dura. By this means, the spinal cord is 
suspended in the middle of the dural sheath. The pia 
mater extends along each nerve root and becomes con
tinuous with the connective tissue surrounding each 
spinal nerve. 
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Figure 15-10 Dissection of the back of the head and neck. The greater part of the occipital 
bone has been removed, exposing the periosteal layer of dura. On the right side, a window 
has been made in the dura below the transverse venous sinus to expose the cerebellum and 
the medulla oblongata in the posterior cranial fossa. In the neck, the dura and arachnoid have 
been incised in the midline to expose the spinal cord and rootlets of the cervical spinal nerves. 
Note the cervical spinal nerves leaving the vertebral canal enveloped in a meningeal sheath. 
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Rgure 15-11 Dissection of the lower part of the back, including a complete laminectomy 
of the lumbar and sacral regions of the vertebral column. The meningeal sheath has been 
incised and reflected laterally, exposing the subarachnoid space, the lower end of the spinal 
cord, and the cauda equine. Note the filum terminale surrounded by the anterior and poste· 
rior nerve roots of the lumbar and sacral spinal nerves forming the c:auda equina. 

e ly l ltllL<l l 

Functional Significance 
The meninges of the brain and spinal cord form three con
centric membranous coverings. The outermost covering, 
the dura mat.er, by virtue of its toughness, serves to protect 
the underlying nervous tissue. The dura protects the cra
nial nerves by forming a sheath that covers each cranial 
nerve for a short distance as It passes through foramlna Jn 
the skull. The dura mater also provides each spinal nerve 
root with a protective sheath. 

In the skull, the falx cerebri, which is a vertical sheet of 
dura between the cerebral hemispheres, and the tentorium. 
cerebelll, which ls a horizontal sheet that projects forward 
between the cerebrum and cerebellum, serve to limit 
excessive movements of the brain within the skull. 

The arachnoid mater Is a much thinner impermeable 
membrane that loosely covers the brain. The interval 

between the arachnoid and pta mater. the subarachnoid 
space, is filled with CSF. The CSF gives buoyancy to the 
brain and protects the nervous tissue from mechanical 
forces applled to the skull. 

The pla mater is a vascular membrane that closely 
Invests and supports the brain and spinal cord. 

Excessive Brain Movement 
When a moving patient's head is suddenly halted, the 
momentum of the brain causes it to travel onward until its 
movement ls resisted by the skull or the strong septa of 
the dura mater. (n lateral movements, the lateral surface 
of one hemisphere hits the side of the skull and the medial 
surface of the opposite hemisphere hits the side of the falx 
c:erebrl. ln superior movements, the superior surfaces of 
the cerebral hemispheres hit the vault of the skull, and the 



superior surface of the corpus calla.sum. hits the sharp free 
edge of the falx cerebrl; the superior surface of the cerebel
lum presses against the Inferior surface of the tentorlum 
cerebelll. 

Movements of the brain relative to the skull and dural 
septa may seriously injure the cranial nerves that are 
tethered as they pass through the various foramlna. Fur
thermore, the fragile cortical veins that drain into the dural 
sinuses may be tom, resulting in severe tnlbclural or sab
aradmold hemorrhage. The tortuous arteries, with their 
strong walls, are rarely damaged. 

lntracranial Hemorrhage 
Excessive brain movement or other cranial trauma can put 
significant traction on the cranial vessels, leading to rup
ture and hemorrhage. Intracranial hemorrhage Is described 
based on its relationship to the adjacent layers of the 
meninges: epidural, subdural, and subarachnold. 

Epidural Hemo1Thage 
Epidural hemorrhage results from Injuries to the meningeal 
arteries or veins. The most common artery to be damaged 
ls the anterior dMllon of the middle meningeal artery. A 
comparatively minor blow to the side of the head, resulting 
in fracture of the skull in the region of the anterior~erior 
portion of the parietal bone, may sever the artery. Arterial 
or venous injury Is especially liable to occur If the vessels 
enter a bony canal Jn this region. Bleeding occurs and strips 
up the meningeal layer of dura from the Internal surface of 
the skull. The intracranial pressure rises and the enlarging 
blood clot exerts local pressure on the underlying motor 
area Jn the precentral gyrus. Blood also passes laterally 
through the fracture line to form a soft swelling under the 
temporalls muscle. 

To stop the hemorrhage, the tom artery or veln must 
be ligated or plugged. The burr hole through the skull wall 
should be placed about Bi in (4 cm) above the midpoint of 
the zygomatlc arch. 

Subdural Hemorrhage 
Subdural hemorrhage results from tearing of the nperlor 
cerebnal veins at their point of entrance Into the superior 
sagittal sinus. The cause is usually a blow on the front or 
the back. of the head, causing excessive anteroposterior dis
placement of the brain within the skull. Acute and chronlc 
forms of the condition occur. 

Computed Tomography Scans 
The different appearances of the blood clots In these two 
conditions as seen on CT scans are related to the anatomy 
of the area (Fig. 15-12). (nan epidural hemorrhage, the blood 
strips up the meningeal layer of the durafrom the endosteal 
layer of dura (perlosteum of the sJculI), producing a Jen. 
shaped hyperdense collection of blood that compresses 
the brain and displaces the mldllne structures to the oppo
site side. The shape of the blood clot is determined by the 
adherence of the meningeal layer of dura to the periosteal 
layer of dura. 

In patients with subdural hematoma, the blood acci.r 
mulates In the extensive potential space between the men
ingeal layer of dura and the arachnoid, producing a long 
cre9Cellt4~ hyperdense rim of blood that extends from 
anterior to posterior along the Inner surface of the skull. 
With a large hematoma, the brain sulcl are obliterated and 
the mldllne structures are displaced to the opposite side. 
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Subarachnold and Cerebral Hemorrhages 
Subarachnold and cerebral hemorrhages are described 
onpage474. 

lntracranial Hemorrhage in the Infant 
Intracranlal hemorrhage may occur during birth and may 
result from excessive molding of the head. Bleeding may 
occur from the cerebral veins or the venous sinuses. Exces
sive anteroposterlor compression of the head often tears 
the anterior attachment of the falx cerebri from the tent<> 
rtum. cerebelll. Bleeding then takes place hom the great cere
bral veins, the straight sinus, or the Inferior saglttal sinus. 

The shaken baby syndrome is described on page 22. 

Headache 
The brain Itself is Insensitive to pain; therefore, headaches 
are due to the stimulation of receptors outside the brain. 

Meningeal Headaches 
The dura mater receives its sensory nerve supply from 
the trlgemlnal and the first three cervical nerves. The dura 
above the tentorium is innervated by the trigeminal nerve, 
and the headache is referred to the forehead and face. The 
dura below the tentorlum. Is Innervated by the cerv1cal nerves, 
and the headache Is referred to the back of the head and neck. 
Menlnf.I&, or Inflammation of the meninges, causes seYere 
headache over the entire head and back. of the neck. 

Headaches Caused by Cerebral Tumors 
An expanding tumor with Its associated raised lntracra
nlaJ pressure produces severe, continuous, and progres
sive headache caused by the irritation and stretching of 
the dura. A tumor above the tentorlum tends to produce a 
headache referred to the hont of the head. while a tumor 
below the tentorium produces a headache refened to the 
back of the head. 

Mlgrarne Headache 
Migraine Is a common form of headache, which may be 
unilateral or bilateral. recurring at Intervals and usodated 
with prodromal visual disturbances. The prodromal visual 
disturbances are thought to be due to sympathetic vuocon
strlctlon of the cerebral arteries supplying the visual cortex. 
The headache ls chiefly due to the dilation and stretching of 
other cerebral arteries and branches of the external carotid 
artery. The disease therefore appears to affect arteries 
both inside and outside the skull, and its cause is unknown, 
although genetic, hormonal, and biochemical factors may 
lnltlate an attack. j>bloclters bring relief to some patients 
due to the reduction In cerebral vasodllaUon. 

Alcoholic Headache 
Alcoholic headaclle is due to the direct toxic effect of alcohol 
on the meninges. 

Headaches Due to Diseases of the Teeth, Paranasal 
Sinuses, and Eyes 
Dental Infection and sinusitis are common causes of head
ache. The pain is referred to the skin of the face and the 
forehead along the branches of the trigeminal nerve. Tonic 
spasm of the cmary muscle of the eye, when attempting 
to focus on an object for prolonged periods (e.g., reading 
small print), may cause severe orbital headache. This com
monly occurs In indlvtduals who need lenses for the correc
tion of presbyopia. 
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Figure 15-12 Diagrammatic representation of an epidural hemorrhage and a subdural hemorThage. 
A: Epidural hemorrhage from the middle meningeal artery or vein on the left side. The hematoma 
is lens shaped and occupies the space between the endosteal layer of dura (periosteum of the skull) 
and the meningeal layer of dura (1JUe dura, hence the name epidural). B: Subdural hemorThage from 
the cerebral veins at the site of en1Jance into the venous sinus on the right side. The hematoma 
is crescent shaped and occupies the space bet.ween the meningeal layer of dura and the arachnoid 
(i.e., beneath the dura). 



Brain Meninges 

• The brain in the skull and the spinal cord in the 
vertebral canal are surrounded by three protective 
membranes or meninges: dura mater, arachnoid 
mater, and pia mater. 

Dura Milter 

• In the skull, the dura mater has two layers, an 
endosteal layer and a meningeal layer. The endosteal 
layer is essentially the periosteum of the skull and 
therefore not present in the vertebral canal. 

• The meningeal layer or dura mater proper is a 
dense, strong fibrous membrane that forms four 
inward septa, which divide the cranial cavity into 
freely communicating spaces. 

• The falx cerebri is the largest dural fold and 
separates the two cerebral hemispheres at midline. 

• The tentorium cerebelli is continuous with the 
falx cerebri and separates the cerebrum from the 
cerebellum. 

• The falx cerebelli separates the two cerebellar 
hemispheres. 

• The dlaphragma sellae forms the roof over the sella 
turcica, which houses the pituitary gland. 

DURAL NERVE SUPPLY 

• Branches of the trtgemtnal, vagus, and the first three 
cervical spinal nerves iMervate the cranial dura. 

DURAL ARTERIAL SUPPLY 

• Multiple arteries supply the dura but from the clinical 
standpoint, the middle meningeal artery is the most 
important as It ls the only arterial vessel found 
between the meningeal and endosteal layers of dura. 

DURAL VENOUS SINUSES 

• The venous sinuses are fowtd between the two layers 
of dura. 

• The superior and inferior sagittal sinuses are 
located within the falx: cerebri. 

• The inferior sagittal sinus joins the straight sinus 
which is located at the junction of the falx cerebri 
and tentorium cerebelli. 

Key Concepts 431 

• The occipital sinus is located within the falx 
cerebelli. 

• The superior sagittal sinus, straight sinus, and 
occipital sinus come together at the confluence 
of sinuses, which then drains laterally into two 
transverse sinuses. 

• The sigmoid sinuses are a direct continuation of the 
transverse sinuses and eventually exit the cranial 
cavity through the jugular foramen, at this point 
becoming the internal jugular vein. 

Arachnoid Mater 

• A delicate Impermeable membrane lying between 
the dura mater and pia mater. 

• It ls separated from the pla mater by the 
subarachnoid space, which is filled with CSF. 

• In certain areas, the arachnoid protrudes into 
the dural venous sinuses as arachnoid villi, 
which serve as sites where CSF diffuses into the 
bloodstream. 

• The vasculature for the central nervous system is 
located in the subarachnoid space. 

Pra Mater 

• The pta mater is a vascular membrane that closely 
invests the brain, covering the gyrt and descending 
into the deepest sulcl. 

• The cerebral arteries entering the substance carry a 
sheath of pla with them. 

Spinal Cord Meninges 

• The dura mater of the spinal cord Is continuous 
with the meningeal layer of the cranial dura. 

• The arachnoid mater ts continuous with cranial 
arachnoid mater and maintains the same meningeal 
relationships in the vertebral canal as the cranial 
cavity. 

• The pia mater closely covers the spinal cord and 
has multiple thickenings on either side, called 
denticulate ligaments, that form a means of 
suspension for the spinal cord in the dural sheath. 
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Q Clinical Problem Solving 

I. In a head trauma accident, which structures within 
the skull limit damage to the cerebral hemispheres 
and other parts of the brain? Which blood vessels 
are damaged more commonly, the cerebral arteries 
or the cerebral veins? Are cranial nerves likely to 
be damaged in head injuries? H so, which ones are 
damaged most commonly and what ts the reason for 
their increased susceptlblllty? 

2. While performing an autopsy on a patient who had 
died of a meningioma, the pathologist explains to a 
group of students that these tumors arise from the 
arachnoid mater. She explains that they occur in 
those areas In which the arachnoid pierces the dura 
to form the arachnoid villi that project Into the dural 
venous sinuses. She then asks the students where 
they would expect to find meningiomas. How would 
you answer that question? 

3. A l~year-0ld girl is admitted to hospital for surgical 
correction of medial strabismus of the right eye. 
Twenty-four hours after successful completion of 
the operation, her right eyeball is noted to project 
forward excessively (proptosls) and the conjunctl· 
va of the right eye ls Inflamed. A watery, purulent 
discharge is expressed from beneath the eyellds. 
The ophthalmologist Is greatly concerned because 
he does not want the compllcatlon of cavernous 
sinus thrombosis to occur. What Is the connection 
between infection of the eye and cavernous sinus 
thrombosis? Is cavernous sinus thrombosis a serious 
condition? 

4. On examination, a 41-year-0ld man is found to have 
paralysis of the lateral rectus muscle of his left eye; 
the left pupil is dilated but reacts slowly to light, 
and anesthesia of the skin over the left side of the 
forehead Is noted. A carotid arteriogram reveals the 
presence of an aneurysm of the right internal carotid 
artery situated in the cavernous sinus. Using your 
knowledge of anatomy, explain the clinical findings 
on physical examination. 

5. On ophthalmoscopic examination, a 45-year-old 
woman is found to have edema of both optic discs 
(bilateral papilledema) and congestion of the ret
inal veins. The cause of the condition is found to 
be a rapidly growing intracranial tumor. Using your 
knowledge of anatomy, explain the papilledema. 
Why does the patient exhibit bilateral papilledema? 

6. A pediatrician is observing a 6-year-old boy playing 
with his toys. He notes that the child has perfectly 
normal use of his arms but that his legs are stiff; and 
when he walks, he tends to cross his legs and has 
a scissorlike gait. A diagnosis of cerebral diplegia 
secondary to birth injuries is made. (Note that con
genital cerebral diplegia is believed by some author
ities to occur early In fetal life and to be caused by 
a viral infection that arrests cerebral development.) 
Apparently, the child was born prematurely and he 
was a breech presentation. Using your knowledge 
of anatomy, explain what happens to the fetal skull 
bones during delivery. Why are the dural venous 
sinuses llkely to be damaged at birth? Why is cere
bral hemorrhage more likely to occur in a premature 
baby with a malpresentation? 

7. A 25-year-old woman is admitted to the emergency 
department unconscious after being hit on the side of 
the head by a car while crossing the road. Within an 
hour, her state of unconsciousness deepens. On exam
ination, she is found to have a large, doughlike swelling 
over the right temporalls muscle. She also has the signs 
of right-sided hemlplegta. Later, a right-sided, fixed, 
dilated pupil develops. A lateral radlograph of the skull 
shows a fracture line across the groove for the anterior 
division of the right middle meningeal artery. Her coma 
deepens and she dies 4 hours after the accident Using 
your knowledge of neW'Oanatomy, make a diagnosis in 
this case. Explain the clinical findings. How could you 
account for the homolateral hemiplegia? 

8. A 50-year-old woman complaining of a severe hea~ 
ache of 3 days' duration visits her physician. She says 
that the headache had started getting very severe 
about 1 hour after she hit her head on the mante~ 
piece after bending down to poke the fire. She Is 
admitted to the hospital for observation. Three 
hours later, she becomes confused and also deve~ 
ops a right-sided hemlplegta on the side of the body 
opposite to the head Injury. She has exaggeration of 
the deep reflexes and a positive Babinski response 
on the right side. Examination of the cerebrospinal 
fluid with a lumbar puncture shows raised pressure 
and the presence of blood in the lluid. Radiographic 
examination shows no fracture of the skull. A CT scan 
reveals the presence of a subdural hematoma. What 
exactly is a subdural hematoma? 
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f) Answers and Explanations to Clinical Problem Solving 

1. The meninges and the cerebrospinal fluid afford 
a remarkable degree of protection to the delicate 
brain. The dural partitions, especially the falx cerebri 
and the tentorium cerebelli, 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 lnJu
rles. The trochlear, abducens, 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 tentorlum cerebelli. 

3. The anterior facial vein, the ophthalmic veins, and 
the cavernous sinus are in direct communication 
with one another. Infection of the skin of the face 
alongside the nose, ethmoidal sinusitis, and infection 
of the orbital contents can lead to thrombosis of the 
veins and ultimately cavernous sinus thrombosis. 
H untreated with antibiotics, this condition can 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 abducens nerve and cause paralysis of 
the lateral rectus muscle. Further expansion of the 
aneurysm may cause compression of the oculomotor 
nerve and the ophthahnic dMsion of the trigeminal 
nerve as they lie in the lateral wall of the cavernous 
sinus. This patient had left lateral rectus paralysis 
and paralysis of the left puplllary constrictor muscle 
owing to Involvement of the abduceilS and oculomotor 
nerves, respectively. The slight anesthesia of the skin 
over the left side of the forehead was due to pressure 
on the ophthalmic division of the left trigeminal nerve. 

5. The optic nerves are surrounded by sheaths derived 
from the pia mater, arachnoid mater, and dura 
mater. The intracranial subarachnold space extends 
forward around the optic nerve to the back of the 

eyeball. A rise in cerebrospinal 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 in the orbital cavity. 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 during labor, the bones of the calvarium 
overlap, a process known as molding. H this process 
ls excessive or takes place too rapidly, as in malpre
sentatlons or in premature deliveries (when a small 
fetus is birthed rapidly), an abnormal strain is put 
on the falx cerebri. This stress involves the superior 
sagittal sinus, especially if the anteroposterior com
pression is excessive, and the sinus may tear where 
it joins the transverse sinus. The great cerebral vein 
may tear as well. The result is either a subarachnoid 
or subdural hemorrhage with accompanying brain 
damage. 

7. The initial loss of consciousness was due to con
cussion or cerebral trauma. The swelling over the 
right temporalls and the radiographic 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 tentorium 
cerebelli. This is unusual. A left hemiplegia due to 
pressure on the right precentral gyrus is more com
mon. 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 tentorlal notch. 

8. A subdural hematoma is an accumulation of blood 
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 back of the head, causing 
excessive anteroposterior displacement of the brain 
within the skull. A subdural hematoma can be easily 
identified by CT as a dense rim of blood extending 
along the inner table of the skull, obliterating the 
cerebral fissures and displacing the cerebral struc
tures to the opposite side. 



CHAPTER 15 Meninges 

6 Review Questions 

Directions: Each of the numbered items In this section 
is followed by answers. Select the ONE lettered answer 
that is CORRECT. 

1. The following statements concern the meninges of 
the brain: 
(a) Both layers of the dura mater covering the brain 

are continuous through the foramen magnum 
with the dura covering the spinal cord. 

(b) The perlosteal layer of dura mater Is not continu
ous with the sutural ligaments of the skull. 

(c) As each cranial nerve passes through a foramen 
in the skull, it is surrounded by a tubular sheath 
of arachnoid mater only. 

(d) The cranial venous sinuses run between the 
meningeal and endosteal layers of dura mater. 

(e) The meninges extend anteriorly through the 
optic canal and fuse wtth the periosteum of the 
orbital cavity. 

2. The following general statements concern the menin
ges: 
(a) The clsterna cerebellomedullarts lies between 

the inferior surface of the cerebellum and the 
roof of the fourth ventricle and contains lymph. 

(b) The arachnoid mater is permeable to cerebrospi-
nal fluid (CSF). 

( c) The CSF in the arachnoid villi is able to drain .into 
the venous sinuses through small tubules bned 
with endothelial cells. 

(d) The arachnoid mater surrounding the spinal 
cord ends Inferiorly on the ftlum terminale at 
the level of the lower border of the flrst sacral 
vertebra. 

(e) The extradural space that separates the dural 
sheath of the spinal cord and the walls of the 
vertebral canal contains the external vertebral 
venous plexus. 

3. The following statements concern the tentorium cer
ebelli: 
(a) The free borcler is attached anteriorly to the pos

terior clinoid processes. 
(b) It is formed from the meningeal layer of the dura 

mater. 
(c) It separates the cerebellum from the temporal 

lobes of the brain. 
(d) The sigmoid sinus Iles within Its attached border 

to the occipital bone. 
(e) The anterior edge houses the occipital venous 

sinus. 

4. The following statements concern headache: 
(a) Brain tissue is lnsensltlve to pain. 
(b) Intracranlal pain arises from receptors situated 

in the pla mater. 
(c) An expanding cerebral tumor located in ~e 

posterior cranial fossa would produce pam 
referred to the face. 

(d) Migraine headache is believed to be due to dila
tion of the cerebral veins. 

(e) Headaches associated with presbyopia are due 
to tonlc spasm of the frontalis muscles of the 
forehead. 

5. The following statements concern the subarach
nold space: 
(a) It Is filled with cerebrospinal fluid (CSF). 
(b) It extends inferiorly as far as the fourth sacral 

vertebra. 
(c) The cerebral arteries and veins are not located 

in the subarachnoid space. 
(d) The cranial nerves lie outside the subarachnoid 

space in sheaths derived from the dura mater. 
(e) The arachnoid villi project into the venous 

sinuses as large outpouchings of the subarach
nold space. 

6. The following statements concern the cavernous 
sinus: 
(a) The external carotid artery passes through It. 
(b) Its medial wall contains the oculomotor, troch-

lear, and ophthalmic divisions of the trlgemlnal 
nerve. 

(c) It drains directly posteriorly into the straight 
sinus. 

(d) It does not communicate with the facial vein. 
(e) It is related medially to the pituitary gland and 

the sphenoid air sinus. 
7. The following structure limits rotatory movements 

of the brain within the skull: 
(a) Tentorlum cerebelll 
(b) Dlaphragma sellae 
(c) Falx cerebri 
(d) Dorsum sellae 
(e) Squamous part of the temporal bone 

8. The following nerves are sensory to the dura mater: 
(a) Oculomotor nerve 
(b) Trochlear nerve 
( c) Sixth cervical spinal nerve 
(d) Trigemlnal nerve 
(e) Hypoglossal nerve 
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f) Answers and Explanations to Review Questions 

1. D is correct. The cranial venous sinuses run between 
the meningeal and endosteal layers of dura mater 
(see Flg. 15-3). A. The perlosteal (endosteal) layer of 
dura covering the brain Is continuous through the fora
men magnum with the perlosteum outside the skull; 
only the meningeal layer of dura covering the brain 
ls continuous through the foramen magnum with 
the dura covering the spinal cord (see Fig. 15-3). 
B. The periosteal layer of dura mater is continuous 
with the sutural ligaments of the skull. C. As each 
cranial nerve passes through a foramen in the skull, 
the cranial nerve Is surrounded by a tubular sheath 
of pia, arachnoid, and dura mater (see Fig. 15-2). 
E. The meninges within the skull extend anteriorly 
through the optic canal and fuse with the sclera of 
the eyeball (see Fig. 15-8). 

2. C ls correct. The C.SF In the arachnoid villi ls able to 
drain into the venous sinuses through small tubules 
lined with endothelial cells (see Fig. 16-18). A. The 
cistema cerebellomedullaris is filled with CSF and 
lies between the inferior surface of the cerebellum 
and the roof of the fourth ventricle. 8. The arachnoid 
mater is not permeable to CSF. D. The arachnoid 
mater surrounding the spinal cord ends inferiorly on 
the fdum terminale at the level of the lower border 
of the second sacral vertebra (see Fig. 15-9). E. The 
extradural space that separates the dural sheath of 
the spinal cord and the walls of the vertebral canal is 
filled with loose areolar tissue and contains the Inter
nal vertebral venous plexus (see Fig. 1-3). 

3. B Is correct. The tentorium cerebelll is formed 
from the meningeal layer of the dura mater (see 
Fig. 15-3). A. The free border of the tentorium cer
ebelli is attached anteriorly to the anterior clinoid 
processes of the sphenoid bone. C. The tentorium 
cerebelli separates the cerebellum from the occipital 
lobes of the brain. D. The sigmoid sinus does not 

lie within the free border of the tentorlum cerebelll. 
E. In the anterior edge of the tentorium cerebelll is 
the tentorlal notch (see Fig. 15-4). 

4. A Is correct. Brain tissue Is insensitive to pain. 
B. lntracranial pain arises from receptors situat
ed in the dura mater. C. An expanding cerebral 
tumor located in the posterior cranial fossa would 
produce pain referred to the back of the neck. 
D. Migraine headache is believed to be due to dila
tion of cerebral arteries and branches of the external 
carotid artery. E. Headaches associated with pres by
opla are due to tonic spasm of the clliary muscles of 
the eyes. 

5. A is correct. The subarachnoid space is filled with 
CSF. B. The subarachnoid space extends Inferiorly 
as far as the second sacral vertebra (see Fig. 15-9). 
C. The subarachnold space contains the cerebral 
arteries and veins. D. The cranial nerves lie Inside 
the subarachnoid space. E. The arachnoid villi proj
ect into the venous sinuses as minute outpouchings 
of the subarachnoid space. 

6. Eis correct. The cavernous sinus is related medially 
to the pituitary gland and the sphenoid air sinus 
(see Fig. 15-5). A. The cavernous sinus has the Inter
nal carotid artery and the abducens nerve passing 
through it (see Fig. 15-5). B. The cavernous sinus 
has the oculomotor, trochlear, and ophthalmic divi
sions of the trigemlnal nerve in Its lateral wall (see 
Fig. 15-5). C. The cavernous sinus drains posteriorly 
Into the superior and inferior petrosal sinuses (see 
Fig. 15-1). D. The cavernous sinus has an Important 
clinical communication anteriorly via the superior 
ophthalmic vein with the facial vein. 

7. C is correct. The falx cerebri limits rotatory move
ments of the brain within the skull. 

8. D is correct. The trigeminal nerve is an important 
sensory nerve to the dura mater within the skull. 



Ventricular System and 
Cerebrospinal Fluid 

CHAPTER OBJECTIVES 

• To learn the locations, functions, origins, and fate of 
cerebrosplnal fluid 

• To understand the structure and function of the 
blood-brain and blood-cerebrospinal fluid barriers 

A 26-year-old woman involved in an automobile accident 
is admitted to the emergency department. Her mother, 
who is also involved in the accident, told the physician 
that at the time of impact, her daughter's head was thrown 
forward againstthe windshield. 

On examination, the patient is unconscious and shows 
evidence of a severe head injury on the left side. After 
a thorough physical examination, the physician decides 
to perform a spinal tap. The cerebrospinal fluid (CSF) 
pressure is 160 mm of water, and two samples of the fluid 
are collected. The specimens show red blood cells at the 
bottom of the tubes, and the supernatant fluid is blood 
stained. After standing for an hour, the supematant fluid 
in both tubes becomes colorless. 

The physician makes the diagnosis of subarachnoid 
hemorrhage secondary to the head injury. The blood could 

VENTRICULAR SYSTEM 
The ventricles are four fluid-filled cavities located 
within the brain; these are the two lateral ventricles, 
the third ventricle, and the fourth ventricle (Fig. 16-1; 
see also Atlas Plates 3, 4, 7, and 8). The two lateral 
ventricles communicate through the lnterventrlcular 
foramlna (of Monro) with the third ventricle. The third 
ventricle is connected to the fourth ventricle by the 
narrow cerebral aqueduct (aqueduct of Sylvlua). The 
fourth ventricle, in turn, is continuous with the narrow 
central canal of the spinal cord and, through the three 
forarntna In its roof, with the subarachnoid space. The 
central canal in the spinal cord has a small dllatatlon at 
its Inferior end, referred to as the terminal ventricle. 

The ventricles are lined throughout with ependyma 
and are filled with CSF. The ventricles are developmen
tally derived from the cavity of the neural tube. 
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• To learn how certain parts of the brain are protected 
from potentially toxic drugs or other exogenous 
materials 

be originating from a severe fracture of the skull, damage 
to one of the cerebral blood vessels, or a tear involving 
the brain or meninges. The physician is confident that the 
blood in the CSF specimens did not originate from an 
accidental puncture of a vertebral vein during the spinal 
tap procedure. He eliminates this possibility by drawing 
two specimens of the fluid. If a local vein is accidentally 
punctured by the first needle, the first specimen will be 
blood stained, however, the second specimen most prob
ably will be dear. With this patient, both specimens are 
uniformly blood stained, so the blood is in the subarach
noid space. 

The management of this patient in the emergency 
department and the evaluation of the spinal tap specimen 
depends on knowledge of the CSF system and the anat
omy involved in the spinal tap procedure. 

Lateral Ventrides 

One of each of the two large lateral ventricles ls present 
in each cerebral hemisphere (Fig. 16-2). The ventricle 
ls a roughly C-shaped cavity and may be divided into a 
body which occupies the parietal lobe and from which 
anterior, posterior, and lnferlor hol'DS extend Into 
the frontal, occipital, and temporal lobes, respectively. 
The lateral ventricle communicates with the cavity 
of the third ventricle through the lnterventricular fora· 
men (Figs. 16-3 and 16-4; also see Fig. 16-2). This open
ing, which lies in the anterior part of the medial wall 
of the ventricle, is bounded anteriorly by the anterior 
column of the fomix and posteriorly by the anterior end 
of the thalamus. 

The body of the lateral ventricle extends from the 
lnterventricular forarnen posteriorly as far as the pos
terior end of the thalamus. Here, it becomes continuous 
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Figure 16-2 Cast of the ventricular cavities of the brain. A: lateral view. B: Anterior view. 
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Figure 16-3 Ventricular cavities of the brain. k Lateral view. B: Superior view. 

with the posterior and the inferior horns. The body of 
the lateral ventricle has a roof, a floor, and a medial wall 
(Fig. 16-5). 

The roof is formed by the undersurface of the cor
pus callOIUDI. The floor is formed by the body of the 
caudate nucleus and the lateral margin of the thalamus. 
The superior surface of the thalamus Is obscured In 
Its medial part by the body of the fol'Dl1 The choroid 
plexus of the ventricle projects Into the body of the 
ventricle through the slitlike gap between the body of 
the fomlx and the superior surface of the thalamus. This 
slftlfke gap ls known as the choroldal ftse:ure; through it, 
the blood vessels of the plexus invaglnate the pla mater 
of the tela choroidea and the ependyma of the lateral 
ventricle. The medial wall is formed by the septum pel· 
lucldum. anteriorly; posteriorly, the roof and the floor 
come together on the medial wall. 

The anterlor horn of the lateral ventricle ex.tends 
forward Into the frontal lobe (see Figs. 16-2 and 16-3). It 
is continuous posteriorly with the body of the ventricle 
at the lnterventrtcular foramen. The anterior horn has 

a roof, a floor, and a medial wall. The roof is formed by 
the undersurface of the anterior part of the corpus caJ. 
lOIUID; the genu of the corpus WIOIUDl limits the ante
rior horn anteriorly {see Fig. 16-SA). The floor is formed 
by the rounded head of the caudate nucle111; medially, 
a small portion is formed by the superior surface of 
the roetrmn of the corpus call08lllD. The mecllal wall 
ls formed by the septum pelluddum. and the anterior 
column of the fornlx. 

The poeterlor horn of the lateral ventricle extends 
posteriorly Into the occipital lobe (see Figs. 16-2 and 
16-3). The roof and lateral wall are formed by the 
fibers of the tapetum of the corpus callOIUllL Lateral 
to the tapetum are the fibers of the optic radiation {see 
Fig. 16-SC). The medlal wall of the posterior horn has 
two elevations. The superior swelling is caused by the 
splenial fibers of the corpus callosum, called the for
ceps major, passing posteriorly into the occipital lobe; 
this superior swelling is referred to as the bulb of the 
poeterlor horn. The Inferior swelllng ts produced by the 
calcarlne nlcus and Is called the calcar avls. 
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Figure 1M Sagittal section of the brain showing the third ventricle, the cerebral aqueduct, 
and the fourth ventricle. 

The lnfedor hom of the lateral ventricle extends 
anteriorly Into the temporal lobe (see Figs. 16-2 and 16-3). 
The inferior horn has a roof and a floor (see Fig. 16-58). 

The roof is formed by the inferior surface of the tape
tum of the corpue callOIUDl and by the tall of the cau· 
dale nucleu (see Fig. 9-5). The latter passes anteriorly 
to end in the am.ygclalofd nucleus. Medial to the tail of 
the caudate nucleus is the ltrta termlnall8, which also 
ends anteriorly in the amygdaloid nucleus. 

The tloor is formed laterally by the collateral eml· 
nence, produced by the collateral tluare, and medially 
by the hlppocampus (see Figs. 9-3 and 9-4). The ante
rior end of the hippocampus ls expanded and slightly 
furrowed to form the pes hlppocampus. The hlppocam· 
pus is composed of gray matter; however, the ventric
ular surface of the hlppocampus Is covered by a thin 
layer of white matter called the alveus, which is formed 
from the axons of the cells of the hippocampus. These 
axons converge on the medial border of the hippocam
pus to form a bundle known as the flmbrla. The fimbria 
of the hippocampus becomes continuous posteriorly 
with the polterlor column of the fornb:. 

In the interval between the stria termlnalls and the 
ftmbrta ts the temporal part of the choroldal fissure. 
Here, the lower part of the choroid plexus of the lateral 

ventricle lnvagtnates the ependyma from the medial 
side and closes the fissure (Fig. 16-6). 

Cho"'ld Plexus 
The choroid plems projects Into the ventricle on Its 
medial aspect and is a vascular fringe composed of pia 
mater covered with the ependymal lining of the ven
tricular cavity (Fig. 16-7). The choroid plexus Is, ln fact, 
the Irregular lateral edge of the tela choroidea, which 
Is a two-layered fold of pla mater situated between the 
fomb: superiorly and the upper surface of the thalamus 
(see Fig. 16-6A). At the junction of the body of the lat
eral ventricle and the inferior horn. the choroid plexus 
is continued into the inferior horn and projects through 
the choroidal fissure. The function of the choroid plexus 
is to produce CSF. 

Third Ventricle 
The third ventricle is a slitlike cleft between the two 
thalami. It communicates anteriorly with the lateral ven
tricles through the interventricular foramina (of Monro) 
and posteriorly with the fourth ventricle through the 
cerebral aqueduct (of Sylvlus) (see Fig. 16-4). The walls 
of the third ventricle are described on page 363. 
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Figure 16-5 Coronal sections of the brain passing through the anterior horn of the lateral ven
tricle (A), the body of the lateral ventricle (8), and the posterior horn of the lateral ventricle (C). 

Choroid Plexuses 
The choroid plexuses are formed from the tela choroidea 
situated above the roof of the ventricle (see Fig. 16-7). 
The vascular tela choroidea projects downward on 
each side of the mldllne, tnvagtnatlng the ependymal 
roof of the ventricle. The two vascular ridges or fringes 
that hang from the roof of the third ventricle form the 

choroid plexuses. The function of the choroid plexuses 
is to produce CSF. 

The blood supply of the tela choroidea and, there
fore, also of the choroid plexuses of the third and lateral 
ventricles Is derived from the choroldal. branches of 
the Internal carotid and basilar arteries. The venous 
blood drains into the Internal cerebral veins, which 
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Figure 16-6 Coronal section of the cavities of 1he third and lateral ventricles (A) and 1he cavity 
of the inferior horn of the lateral ventricle (B). 
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Flgure 16-7 Sagittal section of the fourth ventricle 
showing the origin and circulation of the cerebro
spinal fluid. Note the position of 1he foramen of 
Magendie. 
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Figwe 16-8 Schematic diagram of a coronal section of the third and lateral ventricles at the site 
of the interventricular foramina showing the structure of the tela choroidea and its relationship with 
the ependyma and pia mater. 

unite to form the great cerebral vein. The great cerebral 
vein joins the inferior sagittal sinus to form the straight 
sinus. 

Cerebral Aqueduct 
The cerebral aqueduct (aqueduct of Sylvfus), a narrow 
channel about 3/4 of an inch (1.8 cm) long, connects the 
third ventricle wlth the fourth ventricle (see Figs. 16-2 
and 16-3). It is lined with ependyma and ls surrounded 
by a layer of gray matter called the central gray. The 
direction of CSF flow is from the third to the fourth ven
tricle. The cerebral aqueduct does not have a choroid 
plexus. 

Fourth Ventride 
The fourth ventricle is a tent-shaped cavity filled with 
CSF. It is situated anterior to the cerebellum and pos
terior to the pons and the superior half of the medulla 
oblongata (Figs. 1~ and 16-9; also see Fig. 16-4). It is 
lined with ependyma and is continuous above with 
the cerebral aqueduct of the midbrain and below with 
the central canal of the medulla oblongata and the 
spinal cord (Fig. 16-3). The fourth ventricle possesses 
lateral boundaries, a roof, and a rhomboid-shaped 
floor. 

Lateral Boundaries 
The caudal part of each lateral boundary Is formed by 
the inferior cerebellar peduncle (Fig. 16-10). The cranial 
part of each lateral boundary is formed by the superior 
cerebellar peduncle. 

Posterior Wall (Roof) 
The tent-shaped roof projects into the cerebellum (see 
Figs. 16-8 and 16-9). The superior part is formed by the 
medial borders of the two superior cerebellar peduncles 
and a connecting sheet of white matter called the nperlor 
medullary velum (Fig. 16-11). The Inferior part of the roof 
is formed by the Inferior medullary velum, which con
sists of a thin sheet devoid of nervous tlssue and formed 
by the ventricular ependyma and tts posterior covering 
of pla mater (Fig. 16-12). This part of the roof is pierced ln 
the mldllne by a large aperture, the median aperture or 
foramen of Mqendle. Lateral recesses extend laterally 
around the sides of the medulla and open anteriorly as the 
lateral openiDgl of the fourth ventricle, or the fonunlDa 
of L1l8cbka (Fig. 16-13). Thus, the cavity of the fourth 
ventricle conununicates with the subarachnoid space 
through a single median opening and two lateral aper
tures. These Important openings permit CSF ilow from the 
ventricular system Into the subarachnold space. 
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Figure 16-9 Sagittal section through the brainstem and the cerebellum showing the fourth 
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Figure 16·10 Posterior surface 
of the brainstem showing the 
floor of the fourth ventricle. The 
cerebellum has been removed. 
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Figure 16-11 Posterior view of the cavity of the fourth ventricle. k The vermis of the cerebel
lum has been divided in the midline and the cerebellar hemispheres have been displaced later
ally. B: The greater part of the cerebellum has been removed, leaving the superior and inferior 
medullary vela. Note that the right half of the inferior medullary velum has been reflected inferi
orly to reveal the choroid plexus. 

Rhomboid Fossa (Floor) 
The diamond-shaped floor is formed by the posterior 
surface of the pons and the cranial half of the medulla 
oblongata (see Fig. 16-10). The floor is divided into 
symmetrical halves by the median Mllcus. On each 
side of this sulcus, an elevation, the mecllal eminence, 
is bounded laterally by another sulcus, the mlCD.8 llm
ltam. Lateral to the sulcus llmltans Is an area !mown 
as the vestibular area (see Figs. 16-10 and 16-11). The 
vestibular nuclei Ile beneath the vestibular area. 

The faclal coWculus ls a slight swelling at the infe
rior end of the medial eminence that is produced by 
the fibers from the motor nucleus of the facial nerve 
looping over the abducens nucleus (Fig. 16-14). At 
the superior end of the sulcus limitans, a bluish gray 
area is produced by a cluster of nerve cells containing 
melanin pigment; the cluster of cells is called the aub
stantla ferruglnee.. Strands of nerve fibers, the llrla 
medullarU, derived from the arcuate nuclei, emerge 
from the median sulcus and pass laterally over the 
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Flgunt 16-12 Posterior view of the roof of the fourth ventricle. The cerebellum has been 
displaced superiorly to show the large median aperture (foramen of Magendie). 

medial eminence and the vestibular area and enter the 
inferior cerebellar peduncle to reach the cerebellum 
(see Fig. 16-10). 

Inferior to the stria medullaris, the following fea
tures should be recognized in the floor of the ventricle. 
The most medial is the hypogloaal triangle, which 
indicates the position of the underlying hypogl01881 

Lateral r9Cless of fourth ventrlde 
(showing lateral aperture) -\ 

Inferior cerebellar peduncle---~ 
~--

Cuneatetuben:le~ / 

Gracile tubercle 

nucleus (see Fig. 16-11). Lateral to this ls the vagal tri
angle, beneath which lies the dorsal motor nucleus of 
the vagus. The area poetrema ls a narrow area between 
the vagal triangle and the lateral margin of the ventricle, 
just rostral to the opening into the central canal. The 
inferior part of the vestibular area also lies lateral to 
the vagal triangle. 
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FlguN 16-13 Posterior view of the roof of the fourth ventricle after removal of the greater 
part of the cerebellum. Shows the lateral recess and aperture (foramina of Luschke). 
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Choroid Plexus 

The choroid plexus has a T shape; the vertical part of 
the T ls double (see Fig. 16-8). It Is suspended from the 
Inferior half of the roof of the ventricle and is formed 
from the highly vascular tela choroidea. The tela cho
roidea Is a two-layered fold of pla mater that projects 
through the roof of the ventricle and is covered by 
ependyma. The blood supply to the plexus is from the 
poaterlor Inferior cerebellar u1eriee. The function of 
the choroid plexus is to produce CSF. 

Central Canal 
The central canal opens superiorly Into the fourth 
ventricle. Inferiorly, it extends through the Inferior half 
of the medulla oblongata and through the entire length 
of the spinal cord. In the conus medullaris of the spinal 
cord, it expands to form the tennlnal ventricle (see 
Fig. 16-1). The central canal Is closed at Its lower end, Is 
filled with CSF, and is lined with ependyma. The central 
canal is surrounded by gray matter, the gray comml9-
8Ul'e. The central canal does not have a choroid plexus. 

SUBARACHNOID SPACE 
The subarachnold space is the Interval between the 
arachnoid mater and pia mater and, therefore, Is present 

where these meninges envelop the brain and spinal 
cord (see Fig. 16-1). The space is filled with CSF and 
contains the large blood vessels of the brain (F1g. 16-15). 
This space Is traversed by a network of fine trabeculac, 
formed of delicate connective tissue. The subarachnold 
space completely surrounds the brain and extends 
along the olfactory nerves to the mucoperiosteum of the 
nose. The subarachnoid space also extends along the 
cerebral blood vessels as they enter and leave the sub
stance of the brain and stops where the vessels become 
an arteriole or a venule. 

In certain situations around the base of the brain, 
the arachnoid does not closely follow the surface of the 
brain. In such a case, the subarachnold space expands 
to form mbaradmold dlterm. The descriptions of the 
cerebellomedollary d8tero, the pontlne dslern, and 
the lnterpeduncular datern, which are the largest cis
terns, are on page 449. 

Inferiorly, the subarachnoid space extends beyond 
the lower end of the spinal cord and invests the cauda 
equlna (see Fig. 1-15). The subarachnoid space ends 
below at the level of the interval between the second 
and third sacral vertebrae. 

The subarachnold space surrounds the cranial and 
spinal nerves and follows them to the point where they 
leave the skull and vertebral canal. Here, the arachnoid 
mater and pia mater fuse with the perineurium of each 
nerve. 
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Flgunt 16-15 Diagram of the subarachnoid space around the cerebral hemisphere 
showing the relationship of the cerebral blood vessel to the meninges and cerebral 
cortex. 

CEREBROSPINAL FLUID 
The CSF Is found in the ventricles of the brain and in the 
subarachnoid space around the brain and spinal cord. 
It has a volume of about 150 mL. It is a clear. colorless 
fluid and possesses, in solution, inorganic salts similar 
to those in the blood plasma. The glucose content is 
about half that of blood, with only a trace of protein. 
Only a few cells are present, and these are lymphocytes. 
The normal lymphocyte count ts 0 to 3 cells per cubic 
millimeter. CSF pressure ts kept remarbbly comtant. 
In the lateral recumbent posltlon, the pressure, as mea
s\ll'ed by spinal tap, ls about 60 to 150 mm of water. 
This pressure may be raised by straining, coughing, or 
compressing the Internal jugular veins in the neck (see 
p. 256). Table 16-1 summarizes CSF physical character
istics and composition. 

Functions 
CSF, which bathes the external and internal surfaces of 
the brain and spinal cord, serves as a cushion between 
the central nervous system (CNS) and the surrounding 
bones, thus protecting lt against mechanical trauma. 
Because the density of the brain Is only slightly greater 
than that of the CSF, the CSF provides mechanical buoy
ancy and support for the brain. The close relationship 
of the fluid to the nervous tissue and the blood enables 
it to serve as a reservoir and assist in the regulation 
of the contents of the skull. For example, if the brain 
volume or the blood volume increases, CSF volume 
decreases. Because the CSF is an ideal physiologic sub
strate, it probably plays an active part In the nourish
ment of the nervous tissue; 1t abnost certainly assists 

ln the removal of products of neuronal metabolism. 
Secretions of the pineal gland possibly influence the 
actlvltles of the pituitary gland by circulating through 
the CSF ln the third ventricle (seep. 253). 

Table 16-2 summarizes CSF functions. 

Formation 
CSF Is formed mainly in the choroid plexuses of the lat
eral, third, and fourth ventricles; some originates from 
the ependymal cells llnlng the ventricles and from the 
brain substance through the perlvascular spaces. 

Table 16-1 Cerebrospinal Fluid Physical 
Characteristics and Composition 

Appearance Clear and colorless 

Volume c. 150 ml 
-->--

Rate of production 

Pressure (spinal tap with 
patient in lateral 
recumbent position} 

Composition 

Protein 

Glucose 

Chloride 

Number of cells 

O.Sml/min 

60-150 mm of water 

15-45 mg/100 ml 

50-85 mg/100 ml 

720-750 mg/100 ml 

o:i 1ymphocytes/mm3 



Table 16-2 Cerebrospinal Fluid Functions 

1. Cushions and protects the cen1ral nervous system 
from trauma 

2. Provides mechanical buoyancy and support for the 
brain 

3. Serves as a reservoir and assists in the regulation of 
the contents of the skull 

4. Nourishes the central nervous system 
S. Removes metabolites from the central nervous 

system 
6. Serves as a pathway for pineal secretions to reach 

the pituitary gland 

The choroid plexuses have a much-folded surface, 
and each fold consists of a core of vascular connec
tive tissue covered with cuboidal epithelium of the 
ependyma (Fig. 16-16). Electron-microscopic examina
tion of the epithelial cells shows that their free surfaces 
are covered with mlcrovllll. The blood of the capillaries 
Is separated from the ventricular lumen by endothe
lium, a basement membrane, and the surface epithe
lium. The eplthellal cells are fenestrated and permeable 
to large molecules. 

The choroid plexuses actively eecrete CSF and this 
creates a small pressure gradient. At the same time, they 
actively transport nervous system metabolites from 

Ependymal epllhellum 
of choroid plexus 

Cerebrospinal Fluid 449 

the CSF lnto the blood. Active transport also explains 
why concentrations of potassium, calcium, magnesiwn, 
bicarbonate, and glucose are lower In CSF than In blood 
plasma. 

The CSF is produced continuously at a rate of about 
0.5 mLfmin and with a total volume of about 150 mL; 
this corresponds to a turnover time of about 5 hours. 

Importantly, CSP production is not pressure regu
lated (as in the case of blood pressure) and it continues 
to be produced even if the reabsorption mechanisms 
are obstructed. 

Circulation 
The circulation begins with lts secretion from the cho
roid plexuses in the ventricles (and a small amount 
from the brain surface). The fluid passes from the 
lateral ventricles into the third ventricle through 
the interventricular foramina (Fig. 16-17; also see 
Fig. 16-1). It then passes into the fourth ventricle 
through the narrow cerebral aqueduct. The circula
tion Is aided by the arterial pulsations of the choroid 
plexuses and by the cllla on the ependymal cells lining 
the ventricles. 

From the fourth ventricle, CSF passes slowly through 
the median aperture and the lateral foramina of the 
lateral recesses of the fourth ventricle and enters the 
subarachnoid space. It then moves through the cere
bellomedullary cistern and pontlne cisterns and flows 
superiorly through the tentorial notch of the tentorium 

Basement membrane 
I 

Endothelium 
of blood capillary 

// ,.. 

Cavity of ventricle filled with 
cerebrospinal fluid 

FlguN 16-16 Microscopic structure of the choroid plexus showing the path taken by fluids in 
the formation of cerebrospinal fluid. 
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Figure 16-17 Circulation of the cerabrospinal fluid. The dashed line indicates the course taken 
by fluid within the cavities of the central nervous system. 

cerebelli to reach the inferior surface of the cerebrum. 
It then moves superiorly over the lateral aspect of 
each cerebral hemisphere, assisted by the pulsations 
of the cerebral arteries. Some moves inferiorly in the 
subarachnoid space around the spinal cord and cauda 
equina. Here, it reaches a dead end and its further cir
culation relies on the pulsations of the spinal arteries 
and the movements of the vertebral column, respira
tion, coughing, and the chanstng of the positions of 
the body. 

CSF not only bathes the ependymal and plal surfaces 
of the brain and spinal cord but also penetrates the 
nervous tissue along the blood vessels. 

Absorption 
The main sites for CSF absorption are the arachnoid 
villi that project into the dural venous sinuses, espe
cially the mperlor saglttal slnua {Fig. 16-18). The arach
noid vllll tend to be grouped together to form elevations 
known as aradmold granulations. Structurally, each 
arachnoid villus ls a divertlculum. of the subarachnold 
space that pierces the dura mater. The arachnoid 
diverticulum is capped by a thin cellular layer, which, 
in tum, is covered by the endothelium of the venous 
sinus. The arachnoid granulations increase in number 
and size with age and tend to become calcified with 
advanced age. 

CSF absorption into the venous sinuses occurs when 
CSF pressure exceeds the venous pressure in the sinus. 
Electron-microscopic studies of the arachnoid villi indi
cate that fine tubules lined with endothellwn permit a 
direct flow of fluid from the subarachnoid space into 

the lwnen of the venous sinuses. Should the venous 
pressure rise and exceed CSF pressure, compression of 
the tips of the villi closes the tubules and prevents the 
reflux of blood into the subarachnold space. The arach
noid villi thus serve as valves. 

Some CSF probably is absorbed directly into the 
veins in the subarachnoid space and some possibly 
escapes through the perineural lymph vessels of the 
cranial and spinal nerves. 

Because CSF production from the choroid plexuses is 
constant, the rate of CSF absorption through the arach
noid vlll1 controls CSF pressw-e. 

Subarachnoid Space Extensions 
A sleeve of the subarachnoid space extends around 
the optic nerve to the back of the eyeball {Fig. 16-19). 
Here, the arachnoid mater and pia mater fuse with the 
sclera. The central artery and vein of the retina cross 
this extension of the subarachnoid space to enter the 
optic nerve, and they may be compressed in patients 
with raised CSF pressure. 

Small extensions of the subarachnoid space also 
occur around the other cranial and spinal nerves. Here, 
some communication may occur between the subarach
noid space and the perineural lymph vessels. 

The subarachnoid space also extends around the 
arteries and veins of the brain and spinal cord at 
points where they penetrate the nervous tissue (see 
Fig. 16-15). The pia mater, however, quickly fuses with 
the outer coat of the blood vessel below the surface of 
the brain and spinal cord, thus closing off the subarach
nold space. 
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Figure 16-18 A: Coronal section of the superior sagittal sinus showing an arachnoid granulation. 
B: Magnified view of an arachnoid granulation showing the path taken by the cerebrospinal fluid 
into the venous system. 
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BLOOD-BRAIN AND BLOOD
CEREBROSPINAL FLUID BARRIERS 
The CNS requires a very stable environment In order to 
function normally. This stabllity is provided by isolating 
the nervous system from the blood by the existence of 
the so-called blood-brain barrier (BBB) and the blood
cerebrosplnal fluid barrier. 

Blood-Brain Barrier 
The experiments of Paul Ehrlich in 1882 showed that 
living animals injected intravascularly with vital dyes, 
such as trypan blue, demonstrated staining of all the 
tissues of the body except the brain and spinal cord. 
Later, researchers demonstrated that although most of 
the brain is not stained after the intravenous injection 
of trypan blue, the following areas do become stained: 
the pineal gland, the posterior lobe of the pituitary, 
the tuber clnereum, the wall of the optic recess, and 

the vascular area postrema (area of the medulla on the 
floor of the fourth ventricle just rostral to the opening 
into the central canal). These observations led to the 
concept of a BBB (for which blood-brain-spinal cord 
barrier would be a more accurate name). 

BBB permeablllty ls Inversely related to the size of 
the molecules and directly related to their lipid solubil
ity. Gases and water pass readily through the barrier, 
whereas glucose and electrolytes pass more slowly. The 
barrier is almost lmpenneable to plasma proteins and 
other large organic molecules. CompoWlds wtth molecu
lar weights of about 60,000 and higher remain within the 
blood circulatory system. Tilis would explain why in the 
early experiments with trypan blue, which quickly binds 
to the plasma protein albumin, the dye did not pass into 
the neural tissue in the greater part of the brain. 

Stnictura 

Examination of a CNS electron micrograph shows that 
the lumen of a blood capUlary Is separated from the 
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extracellular spaces around the neurons and neuroglla 
by the following structures: (I) the endothelial cells 
in the wall of the capillary, (2) a continuous basement 
membrane surrounding the capillary outside the end~ 
thelial cells, and (3) the foot processes of the astrocytes 
that adhere to the outer surface of the capillary wall 
(Fig. 16-20). 

The use of electron-dense markers such as lantha
num and horseradish peroxidase has shown that these 
substances do not penetrate between the endothelial 
cells of the capillaries because of the presence of tight 
junctions that form belts around the cells. When the 
dense markers are introduced into the extracellular 
spaces of the neuropll, they pass between the peri
vascular foot processes of the astrocytes as far as the 
endothelial lining of the capillary. This evidence demon
strates that the tight junctions between the endothelial 

Basement membrane 

Figure 16-20 Cress section of a blood capillary of the 
central nervous system in the area where the blood-brain 
barrier exists. 

cells of the blood capillaries are responsible for the 
BBB. (Peripheral nerves are isolated from the blood in 
the same manner as those of the CNS. The endothelial 
cells of the blood capillaries in the endoneurium have 
tight junctions; thus, there is a blood-nerve barrier.) 
In molecular terms, the BBB is thus a continuous lipid 
bilayer that encircles the endothelial cells and isolates 
the brain tissue from the blood. This explains how Upo
phlllc molecules can readily diffuse through the barrier, 
whereas hydrophlltc molecules are excluded. 

Although a BBB exists in the newborn, it is likely more 
permeable to certain substances than it ls 1n the adult. 

BBB structure Is not Identical in all CNS regions: In 
those areas where it appears to be absent, the capil
lary endothelium contains fenestrations across which 
proteins and small organic molecules may pass from 
the blood to the nervous tissue (Fig. 16-21). The area 

Foot process of aatrocyte 
/

( 
Fenestrations of endothelial cell 

Figure 16-21 Cross section of a blood capillary of 
the central nervous system where the blood-brain 
barrier appears to be absent. Note the presence of 
fenestrations in the endothelial cells. 
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postrema of the floor of the fourth ventricle and the 
hypothalamus may serve as sites at which neuronal 
receptors may sample the chemical content of the 
plasma directly. The hypothalamus, which is involved 
in the regulation of the metabolic activity of the body, 
might bring about appropriate modifications of activity, 
thereby protecting the nervous tissue. 

Blood-Cerebrospinal Fluid Barrier 
Water, gases, and lipid-soluble substances pass freely 
from the blood to the CSF. Macromolecules such as pro
teins and most hexoses other than glucose are unable 
to enter the CSF. A barrier similar to the BBB may exist 
in the choroid plexuses. 

Stnidure 
Electron-microscopic examination of a villus of a 
choroid plexus shows that the lumen of a blood cap
illary ls separated from the lumen of the ventricle 
by the following structures: (1) the endothelial cells, 
which are fenestrated and have very thin walls (the 
fenestrations are not true perforations but are fllled 
by a thin diaphragm); (2) a continuous basement 
membrane surrounding the capillary outside the 
endothelial cells; (3) scattered pale cells with flat
tened processes; and ( 4) a continuous basement 
membrane, on which rest (5) the choroidal epithelial 
cells (Fig. 16-22). The use of electron-dense markers 
has not been entirely successful in localizing the 
barrier precisely. Horseradish peroxidase Injected 
intravenously appears as a coating on the luminal 
surface of the endothelial cells and In many areas 

Figure 16-22 Section of villus of choroid plexus. 

examined, it did pass between the endothelial cells. 
Tight junctions between the choroidal epithelial cells 
probably serve as the barrier. 

Cerebrospinal Fluid-Brain Interface 
Although vital dyes given by Intravenous Injection do 
not gain access to most brain tissues, If the dyes are 
injected into the subarachnoid space or Into the ven
tricles, they soon enter the extracellular spaces around 
the neurons and gllal cells. Thus, a comparable phys
iologic barrier between CSF and the CNS extracellular 
compartment does not exist. However, three structures 
separate CSF from nervous tissue: (1) the pia-covered 
surface of the brain and spinal cord, (2) the perivas
cular extensions of the subarachnoid space into the 
nervous tissue, and (3) the ependymal surface of the 
ventricles (Fig. 16-23). 

The pla-covered surface of the brain consists of a 
loosely arranged layer of plal cells resting on a base
ment membrane. Beneath the basement membrane are 
the astrocyte foot processes. No intercellular junctions 
exist between adjacent pial cells or between adjacent 
astrocytes; the ref ore, the extracellular spaces of the 
nervous tissue are in almost direct continuity with the 
subarachnoid space. 

The prolongation of the subarachnoid space into the 
central nervous tissue quickly ends below the surface 
of the brain, where the fusion of the outer covering of 
the blood vessel with the pial covering of the nervous 
tissue occurs. 

The ventricular surface of the brain Is covered with 
columnar ependymal cells with localized tight junctions. 
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lntercellular channels permit free communication 
between the ventricular cavity and the extracellular neu
ronal space. The ependyma does not have a basement 
membrane, and specialized astrocyttc foot processes 
are absent because the neuroglla cells are loosely 
arranged. 

I e Clinical Notes 

Optic Nerve and Papilledema 
The optic nerves are surrounded by sheaths derived from 
the pia mater, arachnoid mater, and dura mater. The intracra
nlal subarachnold space extends forward around the optic 
nerve to the back of the eyeball (see Fig. 16-19A). A rise of 
CSF pressure caused by an lntracranial tumor will compress 
the thin walls of the retinal vein as It crosses the extension 
of the subarachnoid space to enter the optic nerve. This 
will result ln congestion of the retinal vein, bulging forward 
of the optlc disc, and edema of the disc; the last condition 
is referred to as peplUedema. As both subarachnoid exten
sions are continuous with the intracranlal subarachnold 

Figure 16..23 Section of the cerebrospinal fluid
brain interface. k Outer surface of the brain. 
B: Ventricular surface of the brain. 

Functional Significance of the Barriers 
In normal condltions, the BBB and blood-cerebrosplnal 
fluid barrier are two important semipermeable barriers 
that protect the brain and spinal cord from potentially 
harmful substances while permitting gases and nutri
ments to enter the nervous tissue. 

space, both eyes will exhibit papllledema. Persistent paplll
edema leads to optic atrophy and bJlndness. 

Hydrocephalus 
Hydrocephalus is an abnonnal Increase In CSF volume 
within the skull. lf the hydrocephalus Is accompanied by 
raised CSF pressure, then it is due to one of the following: 
{l) abnormal increase in CSF formation, (2) blockage of 
CSF clrculatton, or (3) diminished CSF absorpUon. Rarely, 
hydrocephalus occurs with normal CSF pressure; these 
patients exhibit compensatory hypoplasia or atrophy of 
the brain substance. 



456 CHAPTER 16 Ventrieular System and Cerebrospinal Fluid 

Two varieties of hydrocephalus are de.scribed: In no~ 
COllUIUIDlcallD hydrocepbalua, the raised CSF pressure 
is due to blockage at some point between Its formation at 
the choroid plexuses and Its exit through the foramina in 
the roof of the fourth ventricle. In commuolcallng hydro
cephalua, no obstruction exists within or to the outfiow 
from the ventricular system; the CSF freely reaches the 
subarachnold space and ls found to be under Increased 
pressure. 

Excessive Cerebrospinal Fluid Formation 
Excessive CSF fonnatlon Is a rare condition that may occur 
with a tumor of the choroid plexuses. 

Blockage of C.rebrosplnal Fluid Circulation 
An obstruction of the lnterventrlcular foramen by a tumor 
wlll block the drainage of the lateral ventricle on that side. 
Continued CSF production by the choroid plexus of that 
venb'icle will cause distention of that ventricle and atrophy 
of the surrounding neural tissue. 

An obstruction In the cerebral aqueduct may be con
genital or may result from inflammation or pressure from a 
tumor. This ca.uses a symmetrical distention of both lateral 
venb'icles and dlstentton of the third ventricle. 

Obstruction of the median aperture (foramen of 
Magendle) In the roof of the fourth ventricle and the two 
lateral apertures (foramlna of Luschka) In the lateral 
recesses of the fourth ventricle by inflammatory exudate 
or by tumor growth will produce symmetrical dilatation 
of both lateral ventricles and the third and fourth ven
tticles. 

Sometimes, inflammatory exudate secondary to menin
gitis will block the subarachnold space and obstruct CSF 
flow over the outer surface of the cerebral hemispheres. 
Here again, the entire ventricular system of the brain will 
become distended. 

Diminished Cerebrospinal Fluid Absorption 
Interference with CSF at the arachnoid granulations may 
be caused by inflammatory exudate, venous thrombosis 
or pressure on the venous sinuses, or obstruction of the 
internal jugular vein. 

Clinical Investigation of 1he Cerebral Ventricles 
The size of the cerebral venb'icles may be Investigated 
clinically by the use of (1) computed tomography (C1) 
and magnetic resonance imaging (MRI) and, If necessary, 
(2) intracranlal pneumography. 

Cf and MRI are safe and easy to perform. The outline 
of the ventricles may be demonstrated by using these 
methods (see Figs. 1-24 and 1-25). Apart from ventricular 
distention or distortion, the cerebral tumor causing the 
condltlon also may be demonstrated. 

lntracranlal pneum.ography ls essentially the replace
ment of CSF within the ventricles and subarachnoid space 
with air or oxygen. Because the air or gas Is less dense 
than CSF or neural tissue, the ventricles and cerebral gyrt 
can be visualized. ln an encephalopam. the air or oxygen 
is Introduced through a spinal tap and radlographs of the 
skull are then made. In a ventrfculognm, the air or oxygen 
is introduced into the lateral ventricle through a needle 
inserted through a hole In the skull (ln a young child, the 
needle may be Inserted through a suture) and skull radlo
graphs are made. Jn ventriculography, only the ventricles 
are visualized. 

Cerebrospinal Fluid Pressure and 
Composition in Disease 
CSF examination can be of great assistance In making a neu
rologlc diagnosis. 

Clinical measurement of CSF pressure by means of a 
spinal tap is described on page 19. An Increase in pressure 
ls usually due to meningitis or an increase In volume of 
the brain produced by edema, tumor formation, a cerebral 
abscess, or the presence of a hematoma. 

The gross appearance of a specimen of CSF Is of great 
value. Normally, It Is clear and colorless. Cloudiness usu· 
ally indicates the presence of polymorphonuclear leu~ 
cytes or an excessive quantity of protein. An increase in 
the white cells would suggest Inflammation of the meninges 
or encephalltls. An Increase in protein content lmplles a 
change in the vascular permeablllty, and protein escapes 
Into the CSF. Raised protein content is seen In tuberc:ulous 
meningitis and poliomyelitis. In multiple sclerosis, the 
gamma globulin is elevated due to production of lmmun~ 
globulins in the brain and spinal cord. 

Nonna! CSF does not contain red blood cells. Gross 
blood In the CSF ls usually caused by contamination 
brought about by puncture of a vertebral vein by the spinal 
tap needle. Uniform blood staining ls found in subarach· 
noid hemorrhage. Yellow coloration or unthocbl'omla is 
caused by the presence of oxyhemoglobin in the fluid some 
hours after subarachnold hemorrhage. 

Normal CSF contains fewer than four white cells. In 
bacterial lnfectlons, many thousands of cells may be pres
ent per cubic millimeter. In viral infections of the nervous 
system, a moderate lymphocyte reaction may occur. A 
slight rise in lymphocyte count may also occur in cerebral 
tumors, cerebral infarction, and multiple sclerosis. 

The glucose level In the CSF may disappear completely 
In acute bacterial meningitis but remains normal In viral 
Infections. 

Normal CSF physical characteristics and composition 
are summarized ln Table 16-1. 

Subarachnoid Space Blocbge 
A block of the subarachnold space In the vertebral canal 
may be caused by a tumor of the spinal cord or the menin· 
ges. Performing a spinal tap is of great value in making a 
diagnosis. The normal pressure of CSF with the patient 
lying quietly on his or her side and breathing through the 
mouth ls between 60 and 150 mm of water. U CSF flow ln 
the subarachnold space Is blocked, the normal variations 
In pressure corresponding to the pulse and respiration are 
reduced or absent. Compression of the internal jugular 
veins in the neck raises the cerebral venous pressure and 
Inhibits CSF absorption In the arachnoid vllll and granuJ• 
tlons, thus producing a rise In the manometrlc reading of 
CSF pressure. U this falls to occur, the subarachnoid space 
ls blocked and the patient Is exhibiting a positive Quedum· 
Medt lllgn. Should the tumor completely occupy the v~ 
bra! canal in the region of the cauda equina, no CSF can flow 
out of the spinal tap needle. 

Normally, CSF ls clear. In the presence of a tumor, it 
may be yellow and clot spontaneously owing to the rise In 
protein content. 

Fourth Ventricle Tumors 
Tumors may arise in the vermis of the cerebellum or in 
the pons and Invade the fourth ventricle. Ependymomaa 
arising from the ependymal cells Jlning the ventricle also 



occur. Tumors In this region may Invade the cerebellum 
and produce the symptoms and signs of cerebellar defi
ciency, or they may press on the vitaJ nuc:lear centers situ
ated beneath the floor of the ventricle; the hypoglossal and 
vagal nuclei, for example, control movements of the tongue, 
swallowing, resplratton, heart rate, and blood pressure. 

Blood-Brain BarTler rn the Fetus and Newborn 
In the fetus, newborn chlld, and premature Infant, the BBB 
Is not fully developed, and toxic substances such as biliru
bin can readily enter the CNS and produce yellowing of the 
brain and kemtcterus. This Is not possible tn the adult. 

Brain Trauma and the Blood-Brarn Barrrer 
Any Injury to the brain, whether it be due to direct trauma 
or to inflammatory or chemical toxins, causes a breakdown 
of the BBB, allowing free diffusion of large molecules into 
the nervous tissue. This is believed to be brought about 
by actual destruction of the vascular endothellaJ cells or 
disruption of their tight junctions. 

Drugs and the Blood-Brafn Barrier 
The systemic administration of pellldlllD results In only a 
small amount entering the CNS. This is fortunate because 
penicillin In high concentrations is toxic to nervous tis
sue. In the presence of meningitis, however, the meninges 

Ventricular System 

• The ventricles are fluid-filled cavities located within 
the brain. 

• The ventricles are lined throughout with ependyma 
and are filled with CSP. 

• Lateral ventricles are the largest ventricles and are 
described as having a body, and anterior. posterior, 
and lateral horns. 

• The lateral ventricles communicate with a 
singular, medially located third ventricle via the 
interventricular foramen. 

• The third ventricle Is found between the two thalami. 
• The cerebral aqueduct of the mldbraln communicates 

CSF between the third and fowth ventricles. 
• The fourth ventricle ls located between the pons/ 

medulla and the cerebellum. 
• CSF exlts the fourth ventricle through the singular 

median opening (foramen of Magendle) and two 
lateral openings (foramina of Luschka). 
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become more permeable locally at the site of inflammation, 
thus permitting sufficient antlblotlc to reach the Infection. 
Chloramphenkol and the telneycllnes readily cross the 
BBB and enter the nervous tissue. The tuJfonamkle drugs 
also easily pass through the BBB. 

Lipid..Qoluble substances such as the anesthetic agent 
tblopental rapidly enter the brain after intravenous Injec
tion. On the other hand, water~luble substances such as 
er;ogenous noreplD.epbrlne cannot cross the BBB. Pheny• 
butazone Is a drug that becomes bound to plasma protein, 
and the large drug protein molecule is unable to cross the 
barrier. Most tertiary amines such as atropine are lipid sol
uble and quickly enter the brain, whereas the quaternary 
compounds such as atropine methyl nitrate do not. 

In Parkinson disease, the neurotransmitter dopamine is 
deficient in the corpus strlatum. Unfortunately, dopamine 
cannot be used in the treatment, as it will not cross the 
BBB. LOopa readily crosses the barrier and has been used 
with great success. 

Tumors and the Blood-Brain Barrier 
Brain tumors frequently possess blood vessels that have 
no BBB. AnapJastlc: malignant astrocytomas, glloblastomas, 
and secondary metastatic tumors Jack the normal barriers. 
However, slow-growing tumors often have normal vascular 
barriers. 

• The choroid plexus is found within the lateral 
ventricles and produces CSF. 

• Blood-Brain and Blood-Cerebrospinal Fluid 
Barriers 

• The BBB freely allows gases and water, slowly allows 
glucose and electrolytes, but restricts passage of 
plasma proteins and other large organic molecules. 

• The structme of the BBB ls formed by the 
endothelial capillary walls, a continuous basement 
membrane around the vessels, and the foot 
processes of astrocytes that adhere to the caplllary 
wall. 

• Tight junctions between endothelial cells are 
responsible for the restriction of large molecules 
but yet allow lipophilic molecules to cross the 
barrier. 

• Water, gases, and lipid-soluble substances pass 
freely from the blood to the CSF but macromolecules 
are restricted, suggesting a similar barrier exists in the 
choroid plexus. 
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Q Clinical Problem Solving 

I. A 55-year-old man Is being investigated for signs and 
symptoms that suggest the presence of a cerebral 
tumor. Examination of the CT scan shows gross 
enlargement and distortion of the left lateral ventri
cle. What other investigation might be carried out 
in this patient to display the ventricles of the brain? 
Using your knowledge of neuroanatomy, determine 
the location of the tumor In this patient. 

2. A 3-year-old child is referred to the children's hos
pital because the clrcumference of his head greatly 
exceeds the normal limit for his age. After a careful 
history ls taken and a detailed. physical examination 
ls performed., a diagnosis of hydrocephalus is made. 
What ls your definition of hydrocephalus? Name three 
common causes of hydrocephalus In young children. 

3. A SO-year-old man is found on ophthalmoscopic 
examination to have edema of both optic discs 
(bilateral papilledema) and congestion of the ret
inal veins. The cause of the condition is found 
to be a rapidly growing lntracranlal twnor. Using 
your knowledge of neuroanatomy, explain the pap
llledema. Why does the patient exhibit bilateral 
papllledema? 

4. A 38-year-old man is admitted to the neurosurgery 
ward with symptoms of persistent headache and 
vomlting and some wtsteadlness in walking. The 
headache started 6 weeks previously and became 
progressively worse. On examination, he cannot 
sit up in bed unsupported. The limbs on the right 
side of the body show some loss of tone. Examina
tion of the patient when he is standing up shows a 
marked loss of equilibrium. Examination of the cra
nial nerves shows central deafness of the right ear. 
Ophthalmoscoplc examination shows severe bilater
al papllledema Using your lmowledge of neuroanat
omy, explain the symptoms and signs experienced 
by this patient and try to make a diagnosis. 

5. A 4-year-old girl is found to have tuberculous men
ingitis. She Is Immediately admitted to the hospital 
and administration of streptomycin and lsonlazid 
ls commenced. As soon as this therapy is start
ed, she is also administered steroid hormones to 
reduce the incidence of adhesions. She recovers 
fully with no complications. Using your knowledge 

of nelll'Oanatomy, explain why preventing adhesion 
formation ln the subarachnoid space is important. 

6. A 5-year-old girl with symptoms of headache, gener
al malaise, and vomiting is admitted to the children's 
hospital. On examination, the body temperature is 
found to be 104°F and the pulse rate is rapid. Attempts 
to flex the neck produce pain and result in the patient 
flexing her hip and knee joints. A spinal tap ts per
formed; the cerebrospinal fluid (CSF) is seen to be 
cloudy and the pressure Is raised to 190 mm of water. 
Microscopic examination of the fluid shows a large 
number of polymorphonuclear leukocytes. A diagno
sis of meningttis ts made. Subsequent culture reveals 
the Infection to be a menlngococcal meningitis. The 
resident vaguely remembers reading In a textbook 
the Importance of the blood-brain barrier (BBB) ln 
the use of antibiotics for the treatment of meningitis. 
What is the BBB? Does the presence of the BBB inflir 
ence your choice and dose of antibiotics to be used 
in this patient? 

7. During a ward round in the children's hospital, the 
pediatrician informs the students that a 4-day-old 
baby with jaundice has a serum Indirect bilirubln 
level of 45 mg/100 mL and that by now the bile pig
ment Is staining the brain a yellow color (kemlcter
us). The neuronal damage ls revealed clinically by 
lethargy and poor feeding habits and by occasional 
muscle spasms. She says the prognosis is very 
poor. One of the students observes that he cannot 
understand why the bile pigment is having such a 
dramatic effect on the baby. R~ently, he examined 
a patient who was dying of inoperable carcinoma 
of the head of the pancreas with total obstruction 
of the common bile duct. In that patient, the skin 
was a deep yellow, but apart from complaints of the 
Intense skin irritation owing to the high concentra
tion of bile salts in the blood and loss of weight, the 
patient had no symptoms and no neurologtc abnor
malities. Explain why the baby had neuronal damage 
and the adult dld not. 

8. Name five areas of the brain where the blood-brain 
barrier (BBB) appears to be absent. What do you 
think is the significance of the fact that in a few areas 
of the brain, the barrier is absent? 
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9 Answers and Explanations to Clinical Problem Solving 

1. An MRI shows the outline of the ventricles very well. 
Occasionally, when these methods show insufficient 
detail, a ventriculogram can be obtained. This pro
cedure consists of the Introduction of air or oxygen 
Into the lateral ventricle through a needle Inserted 
through a burr hole In the skull. Since the left lateral 
ventricle was the only part of the ventricular sys
tem that showed distention and distortion, one can 
assume that the tumor had closed off the left Inter
ventricular foramen and, therefore, was In the vicinity 
of that foramen. This was confirmed on the CT scan. 

2. Hydrocephalus is an abnormal increase in the volume 
of cerebrospinal fluid within the skull. Congenital 
atresia of the cerebral aqueduct, meningitis, tumors, 
and blockage of the arachnoid granulations by sub
arachnoid bleeding or inflammatory exudate are 
common causes of this condition In young children. 

3. The lntracranlal subarachnoid space extends for
ward around the optic nerve to the back of the eye
ball. A rise in cerebrosplnal fluid pressure caused by 
an lntracranial tumor will compress the thin walls 
of the retinal vein as it crosses the extension of the 
subarachnoid space to enter the optic nerve. This 
will result in congestion of the retinal vein, bulging 
of the optic disc, and edema of the disc. Since both 
subarachnoid extensions are continuous with the 
intracranlal subarachnold space, both eyes will 
exhibit papilledema. 

4. This man was operated on and was found to have a 
large astrocytoma of the vermls of the cerebellum. 
The tumor had severely encroached on the cavity of 
the fourth ventricle, producing Internal hydroceph
alus and pressure on the floor of the ventricle. The 
symptoms of headache and persistent vomiting were 
produced by a raised lntracranlal pressure 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 papllledema was secondary to the raised 
intracranlal pressure. The inabllity to sit up in bed 
(truncal ataxia) and the loss of equilibrium on stand
ing were due to the tumor involvement of the vermis 
of the cerebellum. The loss of tone of the muscles 
of the right limbs indicated spread of the tumor 
to Involve 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. 

5. Steroid hormones (e.g., prednisone) inhibit the nor
mal inflammatory reaction and thereby reduce the 
incidence of fibrous adhesions. Preventing adhesion 
formation ls important, as it can block the openings 

in the roof of the fourth ventricle thus preventing 
the escape of cerebrospinal fluid (CSF) into the sub
arachnoid space from within the ventricular system. 
Adhesions also can prevent the flow of CSF over the 
cerebral hemispheres or reduce the absorption of 
the fluid Into the arachnoid granulations. Thus, adhe
sions of the meninges may result in hydrocephalus. 

6. The BBB is a semipermeable barrier that exists 
between the blood and the extracellular spaces of 
the nervous tissue of the brain. It permits the pas
sage of water, gases, glucose, electrolytes, and amino 
acids, but it is impermeable to substances with a 
large molecular weight. Yes, the presence of the BBB 
does affect the choice and dose of antibiotics. The 
antibiotic penicillin, when Injected Intramuscularly 
Into a normal Individual, is found In much lower con
centrations In the CSF than in the blood; this ls due to 
the existence of the BBB 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 pen
icillin rises in the CSF. However, for treatment to be 
effective in patients with meningitis, very large doses 
of penicillin must be given intravenously. By contrast, 
chloramphenicol and the sulfonamides rapidly cross 
the blood-brain and blood-cerebrospinal fluid barri
ers; therefore, an adequate concentration In the CSF 
can easily be maintained. 

7. The blood-brain barrier in the newborn child ls not 
fully developed and ls more permeable than that In 
the adult. Indirect blllrubln readily crosses the bar
rier in the newborn but does not do so in the adult. 
Once the bile pigment reaches the extracellular 
spaces of the brain tissue in the newborn, it passes 
into the neurons and neuroglia cells. This results 
in abnormal cell function and eventually neuronal 
death. 

8. The pineal gland, the posterior lobe of the pitu
itary, the tuber cinereum, the wall of the optic recess, 
and the vascular area postrema at the inferior 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. In these areas, a BBB appears to be absent. 
The slgnlflcance of the absence of the barrier In the 
pineal gland Is not understood. To function normally, 
pinealocytes possibly require a close relationship 
with the blood plasma in order to sample the con
centrations of hormones. The absence of the BBB in 
the region of the hypothalamus may allow this area 
of the brain to sample the chemical content of the 
plasma. so appropriate modifications of metabolic 
activity may take place, thus protecting the nervous 
tissue as a whole. 
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6 Review Questions 

Directions: Each of the numbered items In this section 
is followed by answers. Select the ONE lettered answer 
that is CORRECT. 

t . The following statements concern the ventricular 
system: 
(a) The cerebral aqueduct connects the third ven

tricle with the fourth ventricle. 
(b) The two lateral ventricles communicate directly 

with one another through the for amen of Monro. 
(c) The ventricles are developed from the embry

onic endoderm. 
(cl) It is lined throughout with squamous epith~ 

lium. 
(e) Choroid plexuses are found only in the lateral 

ventricles. 
2. The following statements concern the ventricular 

system: 
(a) The fourth ventricle has a rectangular•haped 

floor. 
(b) The pineal body Is suspended from the roof of 

the fourth ventricle. 
(c) The nerve centers controlling the heart rate 

and blood pressure lie beneath the floor of the 
third ventricle. 

(cl) The choroid plexus of the lateral ventricle proj
ects into the cavity on its medial side through 
the choroidal fissure. 

(e) The foramen of Magendte Is an aperture In the 
roof of the third ventricle. 

3. The following statements concern the blood-brain 
barrier (BBB): 
(a) It protects the brain from toxic compounds of 

low molecular weight. 
(b) It is present in the pineal gland. 
(c) The endothelial cells of the blood caplllarles 

are nonfenestrated. 
( d) The endothelial cells of the blood capillaries 

are held together by localized tight junctions. 
(e) L-Dopa has difficulty passing through it in the 

treatment of Parkinson disease. 
4. The following statements concern the blood- brain 

barrier (BBB): 
(a) Chloramphenlcol and the tetracyclines cannot 

cross the barrier. 
(b) In the newborn child, the BBB Is not fully devel

oped. 
( c) Cerebral trauma or inflammation has little effect 

on BBB Integrity. 
(d) Gases and water pass with difficulty through 

the barrier. 
(e) Glucose and electrolytes pass quickly through 

the barrier. 

5. The following statements concern the blood
cerebrosplnal fluid barrier: 
(a) The beltlike tight )unctions between the choroi

dal epcndymal cells form the barrier. 
(b) The proteins and most hexoses, other than glu

cose, are able to cross the barrier. 
( c) Gases and water cannot pass through the barrier. 
( d) Lipid-soluble substances have difficulty passing 

through the barrier. 
(e) The basement membrane of the endothelial cells 

plays a vital part in the formation of the barrier. 
6. The following structlll'CS are associated with the roof 

of the fourth ventricle: 
(a) Tectum of the mldbratn 
(b) Choroid plexus 
(c) Pineal gland 
( d) Corpus callosum 
(e) Temporal lobes of the cerebral hemispheres 

7. The following statements concern the cerebrospi
nal fluid (CSF) in the fourth ventricle: 
(a) It is produced mainly by the choroid plexus of 

the cerebral aqueduct. 
(b) It leaves the midbrain through the interventric

ular foramina. 
(c) It enters the spinal cord through the foramen 

of Luschka. 
(d) It Is dark yellow In color. 
(e) It escapes Into the subarachnold space through 

the apertures In the roof of the fourth ventricle. 
8. The lateral boundaries of the fourth ventricle are 

formed by: 
(a) the tentorlum cerebelli. 
(b) the sulcus limitans. 
(c) the cerebellar peduncles. 
(d) the cerebral peduncles. 
(e) the striae medullares. 

9. The following important nuclei lie beneath the floor 
of the fourth ventricle: 
(a) Oculomotor nucleus 
(b) Trochlear nucleus 
(c) Trigemlnal nucleus 
(d) Hypoglossal nucleus 
(e) Olfactory nucleus 

IO. The following statements concern the thJrd ventricle: 
(a) It is situated between the two thalami. 
(b) It communicates with the lateral ventricles through 

the cerebral aqueduct. 
( c) It is continuous with the fourth ventricle through 

the lnterventrlcular foramen. 
(d) The choroid plexus ls located on the floor. 
(e) The choroid plexus receives Its arterial supply 

through the posterior cerebral arteries. 



11. The following statements concern the subarach
noid space: 
(a) lt contains cerebrospinal fluid (CSF) and the 

cerebral arteries but not the cerebral veins. 
(b) lt does not communicate with the cisterns. 
(c) The fourth ventricle drains into it through a 

single foramen. 
(d) The space does not surround the cranial and 

spinal nerves where they leave the skull and the 
vertebral canal. 

(e) It is the interval between the arachnoid mater 
and the pla mater. 

12. The following statements concern cerebrospinal 
fluid (CSF) formation: 
(a) None of the fluid originates from the brain sub

stance. 
(b) lt ls largely formed by the choroid plexuses. 
(c) It ls passively secreted by the ependymal cells 

covering the choroid plexuses. 
( d} It is produced continuously at a rate of about 

5 ml/min. 
(e) It is drained into the subarachnoid space from 

the lymphatic vessels of the brain and spinal 
cord. 

13. The following statements concern the cerebrospi
nal fluid (CSF): 
(a) Its circulation through the ventricles Is not 

aided by the pulsations of the choroid plexuses. 
(b) It extends inferiorly in the subarachnoid space 

to the level of the fifth sacral vertebra. 
(c) The CSF pressure in the subarachnoid space 

rises 1f the Internal jugular veins in the neck are 
compressed. 

( d) It exits from the ventricular system through the 
ventricular foramina. 

(e) Its circulation in the subarachnoid space is 
aided by the pulsations of the cerebral and 
spinal veins. 

14. The following statements concern cerebrosplnal 
fluid (CSF) absorption: 
(a) The fluid Is passed Into the blood by active 

transport through the cells forming the arach
noid villi. 

(b) The major sites for its absorption are into the 
veins in the subarachnoid space and the perl
neural lymph vessels. 

(c) Arachnoid villl play an important role in its 
absorption. 

(d) Fine tubules found within the arachnoid villi 
play a minor role in CSF flow into the venous 
sinuses. 

(e) In communicating hydrocephalus, flow ls 
obstructed within the ventricular system and 
to the outflow from the ventricular system to 
the subarachnold space. 

Matching Questions. Directions: The following ques
tions apply to Figure 16-24. Match the numbers listed on 
the left with the appropriate lettered structures listed 
on the right. Each lettered option may be selected once, 
more than once, or not at all. 
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Figure 16-24 Lateral view of the brain showing an outline 
of ventricular cavities. 

15. Number 1 
16. Number2 
17. Number3 
18. Nwnber4 

(a) Cerebral aqueduct 
(b) Body of lateral ventricle 
(c) Third ventricle 
( d) Fourth ventricle 
(e) None of the above 

Directions: Each case history ls followed by ques
tions. Read the case history, then select the ONE BEST 
lettered answer. 

A 24-year-old woman complaining of recent onset 
of severe headaches and several attacks of morning 
vomiting was seen by a neurologist. A thorough phys
ical examination revealed findings suggesting that she 
might have an intracranial tumor Involving the cere
bellum. The physician ordered an MRI of the patient's 
brain with particular reference to the contents of the 
posterior cranial fossa. 

19. Figure 16-25 Is a coronal MRI (contrast enhanced) 
through the fourth ventricle. The radiologist made 
the following correct observations In his report 
except: 
(a) The bones of the skull showed nothing abnor

mal. The cerebral cortex appeared to be nor
mal. 

(b) The midline structures were not deflected to 
one or the other side. 

(c) The cavity of the fourth ventricle was distorted 
and larger than normal. 

( d) The body of the lateral ventricle had a normal 
appearance. 

A 21-year-old pregnant woman was Invited to a reunion 
party and during the course of the evening, she drank 
several gin and tonics. The party was followed by sever
al others extending over a 3-week period during which 
she drank heavily. Six months later, she gave birth to 
a boy who was diagnosed as having congenital hydro
cephalus. 
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Figure 16-25 A coronal MRI (contrast enhanced) through the hindbrain showing the fourth 
ventricle and the surrounding neural and bony structures. 

20. The pediatric neurologist carefully questioned the 
mother and came to the following correct conclu
sions except: 
(a) The consumption of a large amount of alco

hol during pregnancy usually has no adverse 
effects on the developing fetus. 

(b) The high alcoholic intake coincided with the 
first trimester. 

(c) The alcohol had crossed the placental barrier 
and entered the fetal circulation. 

(d) The alcohol had probably also crossed the 
fetal blood-brain barrier (BBB) and entered the 
brain. 

(e) The neurologist was of the opinion that the 
toxic effect of alcohol was probably responsible 
for the hydrocephalus. 

fl Answers and Explanations to Review Questions 

1. A Is correct. The cerebral aqueduct connects 
the third ventricle with the fourth ventricle (see 
Fig. 16-4). B. The two lateral ventricles do not com
municate directly with one another through the 
lnterventrlcular foramen (foramen of Monro) (see 
Fig. 16-2). C. The ventricles are developed from the 
neural tube in the embryo. D. The ventricular sys
tem is lined throughout with ependyma, which is a 
single layer of cuboidal or columnar cells. E. The 
choroid plexuses are found in the lateral ventricles 
and the third and the fourth ventricles. 

2. D Is correct. The choroid plexus of the lateral 
ventricle projects into the cavity on its medial 
side through the choroidal fissure (see Fig. 16-7). 
A. The fourth ventricle has a diamond-shaped 
Door called the rhomboid fossa (see Fig. 16-11). 

B. The pineal body is not suspended from the 
roof of the fourth ventricle (see Fig. 16-4). C. The 
nerve centers controlling the heart rate and blood 
pressure lie beneath the floor of the fourth ventri
cle (see Fig. 16-11). E. The foramen of Magendle 
is an aperture in the roof of the fourth ventricle 
(see Fig. 16-12). 

3. C is correct. The endothelial cells of the blood 
capillaries in the BBB are nonfenestrated. A. The 
BBB protects the brain from toxic compounds of 
high molecular weight. B. The BBB is not present 
in the pineal gland. D. The endothelial cells of the 
blood capillaries of the BBB are not held together 
by localized tight junctions; they pass around the 
endothelial cells. E. L-Dopa readily passes through 
the BBB in the treatment of Parkinson disease. 



4. B is correct. In the newborn child, the BBB is not 
fully developed. A. Chloramphenicol and the tetra
cyclines can cross the BBB. C. Cerebral trauma and 
inflammation may have a great effect on the integ
rity of the BBB. D. Gases and water pass readily 
through the BBB. E. Glucose and electrolytes pass 
slowly through the BBB. 

5. A is correct. In the blood-cerebrospinal fluid barri
er, the beltlike tight junctions between the choroidal 
ependymal cells form the barrier. B. The proteins 
and most hexoses, other than glucose, are unable 
to cross the blood-cerebrospinal fluid barrier. 
C. Gases and water pass readily through the barrier. 
D. Lipid-soluble substances have no difficulty pass
ing through the barrier. E. The basement membrane 
of the endothelial cells plays no part in the forma
tion of the barrier. 

6. B is correct. The choroid plexus is present in the 
roof of the fourth ventricle (see Fig. 16-8). 

7. E is correct. The CSF in the fourth ventricle escapes 
into the subarachnold space through apertures in 
the roof of the ventricle (see Fig. 16-13). A. The CSF 
in the fourth ventricle is produced mainly in the 
choroid plexuses of the lateral, third, and fourth ven
tricles. B. It leaves the midbrain through the cerebral 
aqueduct (Fig. 16-17). C. The CSF in the fourth ventri
cle enters the spinal cord through the central canal 
(see Fig. 16-7). D. The CSF Is clear and colorless. 

8. C is correct. The lateral boundaries of the fourth 
ventricle are formed by the cerebellar peduncles 
(see Fig. 16-10). 

9. D is correct. The hypoglossal nucleus lies beneath 
the floor of the fourth ventricle (see hypoglossal 
triangle in Fig. 16-11). 

10. A Is correct. The third ventricle lies between the 
thalami (see Fig. 16-5). B. The third ventricle com
municates with the lateral ventricles through the 
interventricular foramina (see Fig. 16-2). C. The 
third ventricle is continuous with the fourth ventri
cle through the cerebral aqueduct (see Fig. 16-3). 
D. The choroid plexus of the third ventricle is situat
ed in the roof (see Fig. 16-6). E. The choroid plexus 
of the third ventricle receives its arterial supply 
from the internal carotid and basilar arteries. 

11. E is correct. The subarachnoid space is the interval 
between the arachnoid mater and the pia mater 
(see Fig. 16-1). A. The subarachnoid space contains 
CSF, the cerebral arteries, and the cerebral veins. 
B. The subarachnoid space is in free communication 
with the cisterns. C. The fourth ventricle drains into 
the subarachnold space through three openings In 
its roof (see Fig. 16-1). D. The subarachnoid space 
surrounds the cranial and spinal nerves to the 
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point where they leave the skull and the vertebral 
canal. 

12. B is correct. The CSF is largely formed by the cho
roid plexuses. A. Some of the fluid originates from 
the brain substance. C. The CSF Is actively secreted 
by the ependymal cells covering the choroid plex
uses. D. The CSF is produced continuously at a rate 
of 0.5 mL/min. E. The brain and spinal cord have no 
lymphatic vessels. 

13. C is correct. The CSF pressure in the subarachnoid 
space rises if the internal jugular veins in the neck 
are compressed. A. The circulation of the CSF 
through the ventricles is aided by the pulsations 
of the arteries in the choroid plexuses. B. The CSF 
extends inferiorly in the subarachnoid space in the 
vertebral column to the level of the lower border 
of the second sacral vertebra (see Fig. 16-1). D. The 
CSF exits from the ventricular system of the brain 
through the foramina of Luschka and Magendie 
(see Fig. 16-1). E. The circulation of the CSF in the 
subarachnold space Is aided by the pulsations of 
the cerebral and spinal arteries. 

14. C is correct. The arachnoid villi play an important 
role In the absorption of CSF into the cranial venous 
sinuses. A. The CSF does not pass into the blood 
by active transport through the cells forming the 
arachnoid villi. B. The veins in the subarachnoid 
space and the perineural lymph vessels are minor 
sites for the absorption of CSF. D. The fine tubules 
found within the arachnoid villi play a major role 
in the flow of the CSF into the venous sinuses. 
E. In communicating hydrocephalus, flow of the CSF 
Is not obstructed within the ventricular system or 
to the outflow from the ventricular system to the 
subarachnoid space. 

For answers to Questions 15 to 18, study Figure 16-21. 

15. B is correct; 1 is body of the lateral ventricle. 
16. A is correct; 2 is cerebral aqueduct. 
17. D is correct; 3 Is fourth ventricle. 
18. C is correct; 4 is third ventricle. 
19. C Is correct. The size and the shape of the cavity of 

the fourth ventricle were within normal limits. 
20. A is correct. Many chemical substances when con

sumed are toxic to the central nervous system 
(CNS), and alcohol in large quantities is one of the 
worst offenders. During the first trimester, alcohol 
can readily access the brain at a time when it is par
ticularly vulnerable. Before a physician prescribes a 
therapeutic drug, he or she must know whether the 
drug will cross the BBB and what effect, If any, that 
drug will have on the CNS. 



Blood Supply of the Brain 
and Spinal Cord 

CHAPTER OBJECTIVES 

• To review the maJn arteries and veins supplying the 
braJn and spinal cord 

• To learn the areas of the cerebral cortex and 
spinal cord supplied by a particular artery and to 

A 61-year-old woman collapsed in the supermarket and 
was in a coma when admitted to the emergency depart
ment of the local hospital. Twenty-four hours later, she re
covered consciousness and was found to have paralysis on 
the left side of her body, mainly involving the lower limb. 
There was also some sensory loss of the left leg and foot. 
She was able to swallow normally and did not appear to 
have difficulty with her speech. The left-sided hemiplegia 
and hemianesthesia strongly suggested a cerebrovaseu
lar accident involving the right cerebral hemisphere. The 
limitation of the paralysis and anesthesia to the leg and 
foot indicated that the right anterior cerebral artery or one 
of its branches was blocked by a thrombus or embolus. 

ARTERIES OF THE BRAIN 
The brain is supplied by the two internal carotid and 
the two vertebral arteries. The four arteries lie within the 
subarachnoid space, and their branches anastomose 
on the Inferior surface of the brain to form the circle 
of Willis. 

Internal Carotid Artery 
The internal carotid artery begins at the bifurcation of 
the common carotid artery (Fig. 17-1), where it usually 
possesses a localized dilatation, called the carolfd 
slnua. It ascends the neck and perforates the base of the 
skull by passing through the carotid canal of the tem
poral bone. The artery then runs horizontally forward 
through the cavernous sinus and emerges on the medial 
side of the anterior cllnoid process by perforating the 
dura mater. It now enters the subarachnold space by 
piercing the arachnoid mater and turns posteriorly 
to the region of the medial end of the lateral cerebral 
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understand the dysfunction that would result if the 
artery were blocked 

• To review the circle of Willis as well as the blood supply 
to the internal capsule 

The diagnosis was confirmed by positron emission to
mography (PEn, which showed an absence of blood flow 
through the leg area on the medial surface of the right 
cerebral hemisphere. 

Cerebrovascular accidents (stroke) remain the third 
leading cause of morbidity and death in the United States. 
Consequently, clinicians must know the areas of the cere
bral cortex and spinal cord supplied by a particular artery 
and to understand the dysfunction that would result if the 
artery were blocked. The internal capsule that contains the 
major ascending and descending pathways to the cerebral 
cortex is commonly disrupted by arterial hemorrhage or 
thrombosis. 

sulcus. Here, It divides Into the anterior and middle 
cerebral arteries (Fig. 17-2; also see Fig. 17-1). 

Ce1"8bral Portion Branches 

1. The ophthalmic artery arises as the internal carotid 
artery emerges from the cavernous sinus. It enters 
the orbit through the optic canal below and lateral 
to the optic nerve. It supplies the eye and other 
orbital structures, and its terminal branches supply 
the frontal area of the scalp, the ethmoid and frontal 
sinuses, and the dorsum of the nose. 

2. The posterior communlcatlng artery Is a small ves
sel that originates from the internal carotid artery 
close to lts terminal bifurcation. The posterior com
municating artery runs posteriorly above the ocu
lomotor nerve to join the posterior cerebral artery, 
thus fonning part of the drcle of Wlllla. 

3. The choroldal artery, a small branch, also originates 
from the internal carotid artery close to its terminal 
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Figure 17-1 Origin and courses of the internal carotid and vertebral arteries as they ascend the 
nec:lc to enter the skull. 

bifurcation. The choroldal artery passes posteriorly 
close to the optic tract, enters the inferior horn of 
the lateral ventricle, and ends In the choroid plexus. 
It gives off numerous small branches to surrounding 
structures. including the crus cerebrl, the lateral 
genlculate body, the optic tract, and the Internal 
capsule. 

4. The anterior cerebral artery is the smaller terminal 
branch of the internal carotid artery. It runs forward 
and medially superior to the optic nerve and enters 
the longitudinal fissure of the cerebrum. Here, it is 
joined to the anterior cerebral artery of the oppo
site side by the anterior communicating artery. 
It curves backward over the corpus callosum and, 
finally, anastomoses with the posterior cerebral 
artery (Fig. 17-3; also see Fig. 17-8). The corllcal 
branches supply the entire medial surface of the 
cerebral cortex as far back as the parleto-occipital 
sulcus. They also supply a strip of cortex about I in 

(2.5 cm) wide on the adjoining lateral surface. The 
anterior cerebral artery thus supplies the .. leg area" 
of the precentral gyrus. A group of central branches 
pierces the anterior perforated substance and helps 
to supply parts of the lentiform and caudate nuclei 
and the Internal capsule. 

5. The middle cerebral artery, the largest branch 
of the internal carotid, runs laterally in the lateral 
cerebral sukus (see Fig. 17-2). Corllcal branches 
supply the entire lateral surface of the hemisphere 
except for the narrow strip supplied by the anterior 
cerebral artery, the occipital pole, and the inferolat
eral surface of the hemisphere, which are supplied 
by the posterior cerebral artery (see Fig. 17-3). 
This artery thus supplies the entire motor area 
except the "leg area" Central branches enter the 
anterior perforated substance and supply the len
tlform and caudate nuclei and the Internal capsule 
(Fig. 17-4). 
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Flgu ... 17-2 Arteries of the inferior surface of the brain. Note the formation of the circle of 
Willis. Part of the right temporal lobe has been removed to show the course of the middle 
cerebral artery. 

Vertebral Artery 
The vertebral artery, a branch of the first part of the 
subclavian artery, ascends the neck by passing through 
the foramlna in the transverse processes of the upper 
six cervical vertebrae (see Fig. 17-1). It enters the skull 
through the foramen magnum and pierces the dura 
mater and arachnoid to enter the subarachnoid space. 
It then passes upward, forward, and medially on the 
medulla oblongata (see Fig. 17-Z). At the lower border of 
the pons, it joins the vessel of the opposite side to form 
the balllar artery. 

Br•nchea of the Cr•ni•I Portion 

1. The meningeal branches are small and supply the 
bone and dura in the posterior cranial fossa. 

2. The polterlor aplnal artery may arise from the 
vertebral artery or the posterior Inferior cerebellar 
artery. It descends on the posterior surface of the 
spinal cord close to the posterior roots of the spinal 

nerves. The branches are reinforced by radicular 
arteries that enter the vertebral canal through the 
intervertebral foramina. For the detailed distribution 
of this artery, see page 471. 

3. The anterlor spinal artery is formed from a contrib
utory branch from each vertebral artery near lts ter
mination {see Fig. 17-2). The single artery descends 
on the anterior surface of the medulla oblongata and 
spinal cord and is embedded In the pia mater along 
the anterior median fissure. The artery is reinforced 
by radicular arteries that enter the vertebral canal 
through the intervertebral foramina. For the detailed 
distribution of this artery, see page 472. 

4. The poe;terlor ln!erlor cerebellar artery, the largest 
branch of the vertebral artery, passes on an irregu
lar course between the medulla and the cerebellum 
(seeFig.17-2;alsoseeFigs.17-12and 17-14).Itsupplies 
the Inferior surface of the vermis, the central nuclei of 
the cerebellum, and the undersurface of the cerebellar 
hemisphere; it also supplies the medulla oblongata 
and the choroid plexus of the fourth ventricle. 
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Figure 17-3 Areas supplied by the cerebral arteries. A:. The lateral surface of the right cerebral 
hemisphere. B: The medial surface of the right cerebral hemisphere. The area supplied by the 
anterior cerebral artery is colored blue, the area supplied by the middle cerebral artery is pink, 
and the area supplied by the posterior cerebral artery is brown. 

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

Basilar Artery 
The basilar artery, formed by the union of the two ver
tebral arteries (see Fig. 17-1), ascends in a groove on 
the anterior surface of the pons (see Fig. 17-2; also see 
Figs. 17-13 and 17-14). At the upper border of the pons, 
it divides into the two posterior cerebral arteries. 

Branches 

1. The pontine arteries are numerous small vessels 
that enter the substance of the pons. 

2. The labyrlnthlne artery is a long, narrow artery 
that accompanies the facial and the vestibuloco
chlear nerves into the internal acoustic meatus and 
supplies the internal ear. It often arises as a branch 
of the anterior inferior cerebellar artery. 
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Figure 17-4 Coronal section of 1he cerebral hemispheres showing 1he arterial supply to 1he deep 
cerebral structures from the middle cerebral artery. 

3. The anterior lDferlor cerebellar artery passes poste
riorly and laterally and supplies the anterior and lnfe. 
rior parts of the cerebeltum. A few branches pass to 
the pons and the upper part of the medulla oblongata. 

4. The superior cerebellar artery arises close to the 
tennination of the basilar artery (see Fig. 17-2; also 
see Figs. 17-11 to 17-14). It winds around the cere
bral peduncle and supplies the superior surface of 
the cerebellwn. It also supplies the pons, the pineal 
gland, and the superior medullary velum. 

5. The poeterlor cerebral artery curves laterally and 
backward. around the mldbra!n and is joined by 
the posterior communicating branch of the inter
nal carotid artery (see F1gs. 17-1 and 17-2; also see 
Figs. 17-11 to 17-14). Cortical bnmches supply the 
inferolateral and medial surfaces of the temporal 
lobe and the lateral and medial surfaces of the occi~ 
ital lobe (see Fig. 17-3). 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 as well as the mi~ 
brain, the pineal, and the medial geniculate bodies. A 
chorolclal branch enters the Inferior horn of the lat
eral ventricle and supplies the choroid plexus; It also 
supplies the choroid plexus of the third ventricle. 

Circle of Willis 
The circle of Willis lies in the interpeduncular fossa at 
the base of the brain. It is formed by the anastomosis 
between the two internal carotid arteries and the two 
vertebral arteries (see Fig. 17-2). The anterior commu-
nkating, anterior cerebral, Internal carotid, posterior 
communicating, posterior cerebral, and basilar arteries 

all contribute to the circle. The circle of Willis 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. 

Variations in the sizes of the arteries forming the 
circle are common, and the absence of one or both 
posterior communicating arteries has been reported. 

Arteries to Specific Brain Areas 
The corpa.s strf.atum and the lnternal cap8Ule are su~ 
plied mainly by the medial and lateral striate central 
branches of the middle cerebral artery (see F1g. 17-4); 
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 posterior cere
bral arteries. 

The mldbraln is supplied by the posterior cerebral, 
superior cerebellar, and basilar arteries. 

The pons is supplied by the basllar and the anterior, 
inferior, and superior cerebellar arteries. 

The medulla oblongata ts supplied by the vertebral, 
anterior and posterior spinal, posterior inf erlor cerebel
lar, and basilar arteries. 

The cerebellum is supplied by the superior cerebel
lar, anterior inferior cerebellar, and posterior inferior 
cerebellar arteries. 

Nerve Supply of Cerebral Arteries 
The cerebral arteries receive a rich supply of sympathetic 
postgangllonic nerve fibers. These fibers are derived 



from the superior cervical sympathetic ganglion. Stimula
tion of these nerves causes vasoconstri.ctlon of the cere
bral arteries. However, under normal conditions, the local 
blood now Is mainly controlled by the concentrations of 
carbon dioxide. hydrogen ions, and oxygen present In the 
nervous tissue; a rise In the carbon dioxide and hydrogen 
ion concentrations and a lowering of the oxygen tension 
bring about a vasodilatation. 
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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 subarachnold 
space. They pierce the arachnoid mater and the menin
geal layer of the dura and drain into the cranial venous 
sinuses (Fig. 17-5). 
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F'19ure 17-5 Venous drainage of the right cerebral hemisphere. A: Lateral surface. B: Medial 
surface. 
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Extemal Cerebral Veins 
The 1Uperlor cerebral veins pass upward over the lat
eral surface of the cerebral hemisphere and empty into 
the superior sagittal sinus. 

The superftdal mlddle cerebral vein drains the 
lateral surface of the cerebral hemisphere. It runs infe
riorly in the lateral sulcus and empties into the cavern
ous sinus. 

The deep mldclle cerebral vein drains the insula 
and ls joined by the anterior cerebral and striate veins 
to form the baaal vein. The basal vein ultimately joins 
the great cerebral vein, which in turn drains into the 
straight sinus. 

Internal Cerebral Veins 
The two internal cerebral veins are formed by the Wlion 
of the thalamOllrlate vein and the choroid vein at the 
interventrlcular forarnen. 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 empties into the straight 
sinus. 

Veins of Specific Brain Areas 
The mldbraln 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 sinuses. 

The medulla oblongata ls drained by veins that open 
into the spinal veins and neighboring venous sinuses. 

The cerebellum. is drained by veins that empty into 
the great cerebral vein or adjacent venous sinuses. 

BRAIN CAPILLARIES 
The capillary blood supply to the brain ls greater In 
the gray matter than In the white matter. This is to be 

- Right lntl!fnal carotid 

- Left lntemal carotid 

- Rightvertebraa 

..__ _ _.I Leftwrtebral 

expected, since the metabolic activity in the neuronal 
cell bodies In the gray matter Is much greater than in 
the nerve processes In the white matter. The blood
brain barrier isolates the brain tissue from the rest of 
the body and is formed by the tight junctions that exist 
between the endothelial cells in the capillary beds (see 
pp. 452-453). 

CEREBRAL CIRCULATION 
The blood flow to the brain must deliver oxygen, glu
cose, and other nutrients to the nervous tissue and 
remove carbon dioxide, lactic acid, and other metabolic 
by-products. The brain has been shown to be supplied 
with arterial blood from the two internal carotid arter
ies and the two vertebral arteries. The blood supply 
to half of the brain Is provided by the internal carotid 
and vertebral arteries on that side, and their respective 
streams come together in the posterior communicat
ing artery at a point where the pressure of the two is 
equal and they do not mix (Fig. 17~. If, however, the 
internal carotid or vertebral artery is occluded, the 
blood passes forward or backward across that point to 
compensate for the reduction in blood flow. The arterial 
circle also permits the blood to flow across the mldllne, 
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 basi
lar artery and do not mix. 

Although the cerebral arteries anastomose with one 
another at the circle of Willis 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 intracranial 
pressure, Increased blood vtscoslty, and narrowing of 
the vascular diameter. Cerebral blood flow remains 

Figure 17-6 Circle of Willis showing the distribution of 
blood from the four main arteries. 



remarkably constant despite changes in the general 
blood pressure. This autoregulatlon of the circulation 
Is accompllshed by a compensatory lowering of the 
cerebral vascular resistance when the arterial pressure 
Is decreased and a rising of the vascular resistance 
when the arterial pressure is increased. Needless to 
say, this autoregulation does not maintain an adequate 
blood flow when the arterial blood pressure falls to a 
very low level. 

The diameter of the cerebral blood vessels is the 
main factor contributing to the cerebrovascular resis
tance. While cerebral blood vessels are innervated by 
sympathetic postganglionic nerve fibers and respond 
to norepinephrine, they apparently play little or no part 
in the control of cerebrovascular resistance in normal 
human beings. The most powerful vasodilator influence 
on cerebral blood vessels ls an increase in carbon 
dioxide or hydrogen Ion concentration; a reduction In 
oxygen concentration also causes vasodllatatlon. It has 
been shown, using PET, that an increase in neuronal 
activity in different parts of the brain causes a local 
increase in blood flow. For example, viewing an object 
will increase the oxygen and glucose consumption in 
the visual cortex of the occipital lobes. This results in 
an increase in the local concentrations of carbon diox
ide and hydrogen ions and brings about a local increase 
in blood flow. 

The cerebral blood flow In patients can be mea
sured by the lntracarotld Injection or inhalation of 
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radioactive krypton or :xenon. Normal cerebral blood 
flow, per minute, is around 50 to 60 mL/lOOg of brain 
tissue. 

SPINAL CORD ARTERIES 
The spinal cord receives its arterial supply from three 
small arteries: the two posterior spinal arteries and the 
anterior spinal artery. These longitudinally running arter
ies are reinforced by small segmentally arranged arteries 
that arise from arteries outside the vertebral colwnn 
and enter the vertebral canal through the intervertebral 
forarnina. These vessels anastomose on the surface of 
the cord and send branches into the substance of the 
white and gray matter. Considerable variation exists as 
to the size and segmental levels at which the reinforcing 
arteries occur. 

Posterior Spinal Arteries 
The posterior spinal arteries arise either directly from 
the vertebral arteries inside the skull or indirectly 
from the posterior inferior cerebellar arteries. F.ach 
artery descends on the posterior surface of the spinal 
cord close to the posterior nerve roots and gives off 
branches that enter the substance of the cord (Fig. 17-1). 
The posterior spinal arteries supply the posterior third 
of the spinal cord. 
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Figure 17-7 .A: Arterial supply of the spinal cord showing the formation of two posterior spinal 
arteries and one anterior spinal artery. B: Transverse section of the spinal cord showing the seg
mental spinal arteries and the radicular arteries. 
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The posterior spinal arteries are small In the upper 
thoracic region, and the first three thoracic segments of 
the spinal cord are particularly wlnerable to lschemla 
should the segmental or radicular arteries in this region 
be occluded. 

Anterior Spinal Artery 
The anterior spinal artery Is formed by the union of 
two arteries, each of which arises from the vertebral 
artery inside the skull. The anterior spinal artery then 
descends on the anterior surface of the spinal cord 
within the anterior median fissure. Branches from the 
anterior spinal artery enter the substance of the cord 
and supply the anterior two-thirds of the spinal cord. 

In the upper and lower thoracic segments of the spi
nal cord, the anterior spinal artery may be extremely 
small. Should the segmental or radicular arteries be 
occluded In these regions, the fourth thoracic and the 
first lumbar segments of the spinal cord would be par
ticularly liable to lschemlc necrosis. 

Segmental Spinal Arteries 
At each intervertebral foramen, the longitudinally run
ning posterior and anterior spinal arteries are rein
forced by small segmental arteries on both sides. The 
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The brain receives about 15% of the re.sting cardiac out
put. The arterial blood reaches the brain through the two 
internal carotid and the two vertebral arteries; the Internal 
carotid arteries are the major supply of arterial blood. 

The distributing arteries-the anterior, middle. and pos
terior cerebral arteries-that arise from the circle of Willis 
pass over the outer surface of the brain and anastomose 
with one another. They give rise to branches that penetrate 
the brain at right angles. In the brain substance. further 
branching occurs, but no further anastomoses take place. 
Anastomoses on the brain surface provide the vital collat
eral clrculatlon should one of the arteries be occluded by 
disease. 

Despite the recent decrease In cerebrovascuJar disease, 
which has been brought about by the treatment of high 
blood cholesterol and the aggressive treatment of hyper· 
tension. cerebrovascular disease is still responsible for 
about 50% of all adult neurologtc hospltal admissions. 

Cerebral lschemia 
Unconsciousness occurs In 5 to 10 seconds If the blood 
flow to the brain ls completely cut off. Irreversible brain 
damage with death of nervous tissue rapidly follows com· 
plete arrest of cerebral blood flow. Neuronal function ls 
estimated to cease after about 1 minute, and irreversible 
changes start to occur after about 4 minutes, although this 
Ume may be longer If the patient's body has been cooled. 
(However, brain damage might be reversed if the blood now 
can be restored even after 5 minutes.) Cardiac arrest due 
to coronary thrombosis is the most common cause of this 
condition. 

arteries are branches of arteries outside the vertebral 
column {deep cervical, intercostal, and lwnbar arter
ies). Having entered the vertebral canal, each segmen
tal spinal artery gives rise to anterior and posted.or 
:nullcular arteries that accompany the anterior and 
posterior nerve roots to the spinal cord. 

Additional feeder arteries enter the vertebral canal 
and anastomose wlth the anterior and posterior spinal 
arteries; however, the number and slze of these arteries 
vary considerably from one individual to another. One 
large and important feeder artery, the great anterior 
medullary artery of Adamldewlcz. arises from the aorta 
in the lower thoracic or upper lumbar vertebral levels; it 
ls willateral and, In the majority of persons, enters the 
spinal cord from the left side. The importance of this 
artery lies 1n the fact that it may be the major source of 
blood to the lower two-thirds of the spinal cord. 

SPINAL CORD VEINS 
The veins of the spinal cord drain into six tortuous lon
gitudinal channels that communicate superiorly within 
the skull with the veins of the brain and the venous 
sinuses. They drain mainly Into the Internal vertebral 
venous plexus. 

Cerebral Circulation Interruption 
Vascular lesions of the brain are extremely common and the 
resulting neurologlc defect wlll depend on the sl7.e of the 
artery occluded, the state of the collateral circulation, and 
the area of the brain involved. 

CEREBRAL ARTERY SYNDROMES 
Clinical studies and the examination of postmortem m~ 
rial have focused attention on the hlgh frequency of lesions 
in the common carotid, internal carotid, and vertebral 
arteries In the neck. 

ANTERIOR CEREBRAL ARTERY OCQ.USION 
If the occlusion of the anterior cerebral artery ls proximal 
to the anterior communicating artery, the collateral circula
tion ls usually adequate to preserve the circulation. Occlu
sion distal to the communicating artery may produce the 
following signs and symptoms: 

I. Contralateral hemlparesls and hemlsensory loss Involv
ing mainly the leg and foot (paracentral lobule of cortex) 

2. Inablllty to tdentlfy objects correctly, apathy, and per
sonality changes (frontal and parietal lobes) 

MIDDLE CEREBRAL ARTERY OCQ.USION 
Occlusion of the middle cerebral artery may produce the 
following signs and symptoms, but the clinical picture will 
vary according to the site of occlusion and the degree of 
collateral anastomoses: 

I. ContralateraJ hemiparesis and hemisensory loss involv
ing ma1nly the face and arm (precentral and postcentral 
gyri) 



2. Aphasia If the left hemisphere Is alfected (rarely If the 
right hemisphere Is affected) 

3. Contralateral homonymous hemlanopla (damage to the 
optic radiation) 

4. Anosognosia if the right hemisphere is affected (rarely if 
the left hemisphere Is affected) 

POSTERIOR CEREBRAL ARTERY OCCLUSION 
Occlusion of the posterior cerebral artery may produce the 
following signs and symptoms, but the clinical picture w!ll 
vary according to the site of the occlusion and the availabil
ity of collateral anastomoses: 

1. Contralateral homonymous hemianopia with some 
degree of macular sparing (damage to the calcarine cor
tex, macuJar sparing due to the occipital pole receiving 
collateral blood supply from the middle cerebral artery) 

2. Visual agnosla (lschemia of the left occipital lobe) 
3. Impairment of memory (possible damage to the medial 

aspect of the temporal Jobe) 

INTERNAL CAROTID ARTERY OCCLUSION 
Occlusion of the Internal carotid artery can occur without 
causing symptoms or signs or can cause massive cerebral 
lschemla depending on the degree of collateral anastomoses. 

1. The symptoms and signs are those of middle cerebral 
artery occlusion, Including contralateral hemlparesls 
and hemlanesthesla. 

2. Partial or complete loss of sight occurs on the same side. 
but permanent loss is rare {emboli dislodged from the 
Internal carotid artery reach the retina through the oph
thalmic artery). 

VERTEBROBASILAR ARTERY OCQ..USION 
The vertebral and basllar arteries supply all the parts of 
the central nervous system in the posterior cranial Iossa, 
and through the posterior cerebral arteries, they supply 
the visual cortes: on both sides. The clinical signs and sym~ 
toms are extremely varied and may Include the following: 

1. lpsllateral pain and temperature sensory loss of the face 
and contralateral pain and temperature sensory loss of 
the body 

2. Attacks of hemlanopia or complete cortical blindness 
3. lpsilateraJ loss of the gag reflex, dysphagia, and hoarse

ness as the resuJt of lesions of the nuclei of the glosso
pharyngeal and vagus nerves 

4. Vertigo, nystagmus, nausea, and vomltlng 
5. Ipsllateral Horner syndrome 
6. Ipsllateral ataxia and other cerebellar signs 
7. Unilateral or bilateral hemiparesis 
8. Coma 

Cerebral Blood Flow Impairment 
Impairment of cerebral blood flow can be caused by a 
large number of conditions, and the more Important co~ 
ditlons can be considered under the following headings: 
(1) diseases that produce alteration In blood pressure, 
(2) diseases of arterial walls, and (3) diseases that result in 
blockage of the arterial lumen. 

POSTURAL HYPOTENSION 
Patients who get up after being confined to bed for several 
days, soldiers who stand at attention for Jong periods on a 
hot day, and worshipers kneeling In church may experience 
the accumulation of venous blood In the limbs or Impaired 
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venous return to the heart, with a consequent fall In the 
cardiac output and a lowered arterial blood pressure. The 
general arterial pressure has to be lowered considerably 
before the cerebral blood flow Is diminished. 

PHYSICAL AND PSYCHOLOGIC SHOCK 
The profound and prolonged fall In blood pressure that may 
follow physical trauma, such as an automoblle accident or 
extensive surgery, especially in older adults in whom the 
cerebral arteries are already narrowed by disease, may 
cause the patient to lose consciousness. Hyperventilation 
In anxiety states may reduce the cerebral blood flow by 
lowering the carbon dioxide content of the blood. 

BLOOD VISCOSfTY OIANGES 
In polycythemla vera, the cerebral blood flow ls consider
ably reduced as the result of an increase In the viscosity of 
the blood. 

CAROTID SINUS SYNDROME 
The carotid sinus, situated at the proximal end of the Inter
nal carotid artery, Is extremely sensitive to changes in art& 
rial blood pressure. Distention of the arterial wall causes a 
reflex slowing of the heart rate and a fall in blood pres.sure. 
This occurs as the result of an Increased number of ner
vous lmpuJses passing up the sinus nerve, a branch of the 
glossopharyngeal nerve. which connects with the can:li~ 
inhibitory and vasomotor centers. Hypersensitivity of the 
reflex or external pressure may cause the blood pressure 
to fall suddenly and produce cerebral lschemla and Joss of 
consciousness. 

HEART DISEASE 
Any severe cardiac disease, such as coronary thrombo
sis, auricular flbrlllatlon, or heart block, that results In a 
marked fall In cardiac output will result In a severe fall In 
general arterial blood pressure and reduction In cerebral 
blood flow. 

ARTERIAL WAil. DISEASE 
The most common cause of narrowing of the lumen of the 
arteries that supply the brain Is atheroma. This disease may 
affect the main arteries supplying the brain in their course 
through the neck as well as their course within the skull. 
Moreover, the impairment of the cerebral circulation 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 arteries 
occurs most commonly In middle or old age and often com
plicates diabetes and hypertension. When actual blockage 
of an artery occurs, the effect will depend on the size and 
location of the vessel. The nerve cells and their fibers will 
degenerate in the avascular area, and the surrounding 
neuroglla will proliferate and Invade the area. In patients 
with generalized narrowing of the cerebral arteries without 
blockage of a single artery, the brain will widergo a diffuse 
atrophy. It should be remembered that a very narrow alher
omatous artery may be blocked by a thrombus, thus totally 
closing the lumen. 

DISEASES CAUSING ARTERIAL LUMEN BLOCKAGE 
Embolism of a cerebral artery can occur in two forms: 
{I) a thrombus (by far the most common) and (2) fat glol> 
ules. The thrombus may develop anywhere on the endo
thelial lining from the left side of the heart to the parent 
vessels of the cerebral arteries. A common site of origin Is 
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an atheromatous plaque on the Internal carotid, common 
carotid, or vertebral artery. Another area Is the site of endo
canlitls on the mitral or aortic valve or the endocardlaJ lining 
of a myoardJal Infarction fo.llowing a coronary thrombosis. 
In women, cerebral thrombos.is is more common among 
those taking oral contraceptlws, especially those taking a 
hlgh~ose estrogen- progesterone combination. 

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

Cerebral Aneurysms 
Congenital aneurysms occur most commonly at the sltewhere 
two arteries join In the formation of the clrcle of Willis. At this 
point, the tunica media bu a deficiency and this is comp)j. 
cated by the devt!lopment of atheroma. which so weakens 
the arterial wall that a local dilalAti.on 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 subarachnold 
space. In the latter cue, a severe pajn in the head suddenly 
develops, followed by mental confusion. Death may quickly 
occur, or the patient may survive the first bleeding only to die 
a few days or ~ later. Clipping or ligating the neck of the 
aneurysm offers the best dWlce of recovery. 

Other than congenital aneurysms, aneurysms are rare 
and include those due to softening of the arterial wall 
following the lodging of an infected emboJus; 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 disease of the arterial wall, such 
as atheroma. 

lntracranial Hemorrhage 
lntracranial hemorrhage can result from trauma or cerebral 
vascular lesions. Four varieties are considered: (1) epidural, 
(2) subdural, (3) subarachnold, and (4) cerebral. Epidural 
and subdural hemorrhages are described on pp. 429-430. 

Subarachnoid Hemorrhage 
Subarachnoid hemorrhage usually results from leakage or 
rupture of a congenital aneurysm on the cerebral arterial 
circle or, less commonly, from an angloma 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 the use of computed tomography (C1). The 
dense areas of the blood in the subarachnoid space can be 
Identified. The withdrawal of heavily blood-stained cerebro
spinal fluid through a lumbar puncture Is also diagnostic, 
but this method has been replaced by the use of CT. 

Cerebral Hemorrhage 
Cerebral hemorrhage generally is due to rupture of an ather
omatous artery and is most common in patients with hyper
tension. It usually occurs In Individuals of middle age and 
often Involves a rupture of the thin-walled lenttculostrtate 
artery, a branch of the middle cerebral artery. The Import
ant cortlconuclear and cortlcosplnal fibers in the internal 
capsule are damaged, producing hemiplegia. on the opposite 
side of the body. The patient Immediately loses conscious
ness, and the paralysis Is evident when consciousness Is 
regained. In some cues, the hemorrhage bursts Into the 

lateral venb'lcle, resulting in deeper unconsciousness and 
corUcospinal lesions on both sides of the body. Hemorrhage 
may also occur Into the pons and cerebellum. 

Computed Tomo!fraphy, Mat1netic Resonance 
Imaging, and Positron Emission Tomography 
CT, magnetic resonance imaging (MRI), and PET are tech
niques that are Indispensable in making the diagnosis of 
different forms of cerebrovascular disease. The diagnosis 
can usually be made with speed, accuracy, and safety. An 
lntracranlal blood clot can be recognized by Its density. 
These techniques have largely replaced cerebral angiogra
phy (see below). 

Cerebral Angiography 
The technique of cerebral angiography is used for the 
detection of abnormalities of the blood vessels; the detec
tion and localization of space-occupying lesions such as 
tumors, hematomaa, or abscesses; or the determination 
of the vascular pattern of tumors to aJd In the diagnosis of 
their pathology. With the patient under general anesthesia 
and In the supine position, the head Is centered on a radio
graphic apparatus that wlll take repeated radlographs at 
2-second Intervals. Both anteroposterlor and lateral projec
Uons are obtained. A radlopaque medium ls Injected rapidly 
Into the lumen of the common c:.otid or vertebral artery or 
is indirectty introduced into one of these arteries through 
a catheter Inserted Into the radial or femoral artery. As the 
radlopa.que material Is rapidly introduced. a series of films 
Is exposed. By this means, the cerebral arteries, the c:apn. 
lary flush, and the veins may be demonstrated. Examples 
of normal-appearing carotid and vertebral angl.ograms are 
shown in Figures 17.S to 17-15. 

Cerebral angiography Is an Invasive technique that 
unfortunately has a morbidity of 0.5% to 2.5%. CT and MRI 
should therefore be used whenever possible. PET Is now 
also used extensively. 

Spinal Cord lschemia 
The blood supply to the spinal cord is surprisingly mea
ger considering the Importance of this nervous tissue. The 
posterior and anterior spinal arteries are of small and vari
able diameter, and the reinforcing segmental arteries vary 
In number and size. 

The posterior third of the spinal cord receives its arte
rial supply from the posterior spinal arteries. The anterior 
two-thirds of the spinal cord are supplied by the small, 
tenuous anterior spinal artery. This latter artery therefore 
supplies the anterior white column, the anterior gray 
horns, and the anterior part of the lateral white columns 
and the root of the posterior horns. 

Occlusion of the anterior spinal artery may produce the 
following signs and symptoms (.Fig. 17-16). 

1. Loss of motor function (paraplegia) below the level of 
the lesion occurs due to bilateral damage to the cortlco
splnal tracts. 

2. Bilateral thermoanesthesla and analgesia occur below 
the level of the lesion due to bilateral damage to the 
splnothalamlc tracts. 

3. Weakness of the limb muscles may occur due to dam
age of the anterior gray horns In the cervical or lumbar 
regions of the cord. 

4. Loss of bladder and bowel control occurs due to dam&ie 
of the descending autonomic tracts. 
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Figure 17-8 Lateral internal carotid arte
riogram. Male aged 20 years. 
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Ffgure 17-9 Main features seen in radiograph in Figure 17-8. 
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Ft9ure 17·10 Anteroposterior internal carotid arterio
gram. Male aged 20 years. 
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Figure 17·11 Main features seen in the radiograph in Figure 17-10. 
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Figure 17-12 Lateral vertebral 
arteriogram. Male aged 20 years. 
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Figure 17-13 Main features shown in the radiograph in Figure 17-12. 
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Flgure 17·14 Anteroposterior (angled) vertebral 
arteriogram. Woman aged 35 years. 
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F'igure 17-15 Main features shown in the radiograph in Figure 17-14. 



Key Concepts 479 

\ / 
\ l 

F'igure 17-16 Anterior spinal artery occlusion. Pink area 
denotes region of spinal cord affected. 

5. Position sense, vibration, and Jlght touch are normal due 
to preservation of the posterior white columns that are 
supplied by the posterior spinal arteries. 

lschemla of the spinal cord can easily follow minor dam
age to the arterial supply as the result of nerve block pro
cedures, aortic surgery, or any operation in which severe 
hypotenslon occurs. The fourth thoracic and first lumbar 
segments of the cord are particularly prone to lschemla. 

Spinal Cord lschemla and Thoracic Aortic Dissection 
The thoracic region of the spinal cord receives its segmen
tal arteries from the posterior intercostal arteries, which 

Blood Supply of the Brain 

• The brain is supplied by the two internal carotid 
and the two vertebral arteries that lie within 
cerebrospinal fluid of the subarachnoid space. 

• The internal carotid begins at the bifurcation of the 
common carotid in the neck, where it possesses a 
local dilation called the carotid sinus. 

• The internal carotid enters the cranial cavity 
through the carotid canal of the temporal bone. 

• The internal carotid terminates as the anterior and 
middle cerebral arteries after giving off ophthalmic 
and posterior communicating arteries. 

• The two vertebral arteries enter the cranial cavity 
through the foramen magnum after ascending through 
the transverse foramina of the cervical vertebrae. 

• The cranial portion of the vertebral artery gives off 
the posterior spinal, anterior spinal, posterior inferior 
cerebellar, medullary, and meningeal arteries. 

arise directly from the thoracic aorta. Jn thoracic aortic 
dissection, the expanding blood clot in the aortic wall can 
block the origins of the posterior intercostal arteries, caus
ing ischemia of the spinal cord. 

Spinal Cord lschemia as a Complication of a Leaking 
Abdominal Aortic Aneurysm 
The lumbar region of the spinal cord receives Its segmental 
arteries from the lumbar arteries, which are branches of 
the abdomlnaJ aorta. The effect of direct pressure on the 
lumbar arteries by a leaking aneurysm can interfere with 
the blood supply to the spinal cord. 

• The vertebral arteries merge to form the basilar 
artery on the anterior surface of the pons. 

• The basilar artery branches into pontine, 
labyrinthine, anterior Inferior cerebellar, superior 
cerebellar, and posterior cerebral arteries. 

• The circle of Willis is formed by the anastomosis 
between the two internal carotid and vertebral blood 
supplies by communication of the anterior cerebral 
and anterior communicating arteries, internal 
carotid arteries, posterior communicating and 
posterior cerebral arteries, and the basllar artery. 

• The corpus strlatum and Internal capsule are 
supplied by the medial and lateral striate branches 
of the middle cerebral artery. 

• The thalamus Is supplied by branches of the 
posterior communicating, basllar, and posterior 
cerebral arteries. 

• The midbrain ts supplied by the posterior cerebral, 
superior cerebellar, and basilar arteries. 
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• The pons is supplied by the basilar, anterior inferior, 
and superior cerebellar arteries. 

• The medulla oblongata ls supplied by the vertebral, 
anterior and posterior spinal, posterior inferior 
cerebellar, and basllar arteries. 

• The cerebellum is supplied by the superior 
cerebellar, anterior inferior cerebellar, and posterior 
inferior cerebellar arteries. 

Clinical Problem Solving 

1. A distinguished neurosurgeon, while giving a lec
ture on cerebrovascular accidents, made the fol
lowing statement "It is generally agreed that there 
are no anastomoses of clinical importance between 
the terminal end arteries within the brain sub
stance, but there are many important anastomoses 
between the large arteries, both within and out
side the skull, and these may play a major role in 
determining the extent of brain damage in cerebral 
vascular disease." Comment on this statement, and 
name the sites at which Important arterial anast~ 
moses take place. 

2. During examination of a carotid anglogram, the 
contrast medium had filled the anterior and middle 
cerebral arteries but had failed to fill the posterior 
cerebral artery. Careful following of the contrast 
medium showed it to enter the posterior communi
cating artery but to extend no farther. Explain this 
phenomenon in a normal person. 

3. A 45-year-old man was admitted to the hospital after 
collapsing in his home 3 days previously. He was in 
a partial state of unconsciousness on the floor and 
was found by a friend. On physical examination, he 
had right-sided homonymous hemlanopla, although 
careful examination of the fields of vision showed 
that the macular regions were normal. Right-sided 
hemianesthesia and hemianalgesia also were present, 
although the patient complained of severe burning 
pain in the right leg. During the first 24 hours in the 
hospital, the patient demonstrated mild right-sided 
hemiparesls 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. 

4. During the course of an autopsy on a patient who 
had recently died of cerebrovascular disease, the 
pathologist made the comment that In atheroscle
rosis of the cerebral arteries, the atheromatous 
plaques tend to occur where the main arteries 
divide or where the arteries suddenly curve. At 
these sites, pressure flow changes may be a factor 

Blood Supply of the Spinal Cord 

• The spinal cord receives its arterial supply from 
three small arteries: two posterior spinal arteries 
and the anterior spinal artery. 

• These longitudinally running arteries are reinforced 
by small segmentally arranged arteries that enter 
the vertebral column through the intervertebral 
foramina of the vertebral column. 

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. 

5. Having carefully examined a male patient with cere
brovascular 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 as 
well as Its common causes. He was also asked why the 
clinical findings vary so much from patient to patlenL 
Using your knowledge of the anatomy and physiology 
of cerebral blood flow, explain why patients with 
cerebrovascular disease present such a variety of 
syndromes. 

6. The classic sign of cerebrovascular disease is hemi
plegia, yet we know that most patients also exhibit 
sensory deficits of different types. Using your 
knowledge of the anatomical distribution of the 
cerebral arteries, discuss the main types of sensory 
loss that you may find In such patients. 

7. During the discussion of the symptoms and signs of 
a 70-year-old woman who had been admitted to the 
hospital for treatment of cerebrovascular disease, 
a fourth-year medical student made the comment 
that she was surprised to find that many of the 
signs and symptoms were bilateral in this patient. 
She said that the three previous patients she had 
examined had displayed only unilateral signs and 
symptoms. Using your knowledge of neuroanatomy, 
explain why some patients exhibit bilateral signs and 
symptoms, while In others the syndrome ls clearly 
unilateral. 

8. Neurologists speak frequently of the dominant 
hemisphere and If cerebrovascular disease should 
involve that hemisphere, one would expect the patient 
possibly to have global or total sensorimotor aphasia. 
Explain this phenomenon. 

9. Explain why patients with a thrombosis of the middle 
cerebral artery often present with homonymous hemi
anopia as well as hemiplegia and hemianesthesia. 



10. During the neurobiology course, the professor 
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 
laterally. Clearly, an interruption of the blood sup
ply to this vital area would produce widespread 
neurologic defects. What is the blood supply to the 
internal capsule? 

11. A 36-year-old man 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 in a chair imme
diately to the right of the desk. He said that before 
each fainting attack he felt dizzy; then, he lost con
sciousness only to recover within a few moments. 
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 commented on this, the 
patient stated that he always wore this type of col
lar to work. No abnormal physical signs were found. 
Using your knowledge of anatomy and physiology, 
what diagnosis would you make? 

12. A 45-year-old man, 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 attendant at the dinner, 
who had received some training in cardiopulmo
nary resuscitation while a member of the armed 
forces, ran forward and noted that the patient had 
stopped breathing. He quickly started mouth-to
mouth resuscitation and cardiac compression and 
kept going until ambulance personnel arrived to 
take the patient 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 competence of the attendant at the dinner. 
Using your knowledge of neurophysiology, state 
how long brain tissue can survive with complete 
cardiac arrest and when breathing has ceased. 

13. A 62-year-old man with a history of hypertension 
visited his physician because the day before, he 
had temporarily lost the sight in his right eye. He 
explained that the sight loss was partial and lasted 
about half an hour. On close questioning, the patient 
admitted that he had had similar episodes of blind
ness 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 recently experienced severe right-sided 
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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 vascular disease of the brain, 
which artery is likely to be involved in the disease 
process? What special clinical investigations could 
you perform to confirm the diagnosis? 

14. A 39-year-old man was admitted to the hospital 
with a history of a sudden excruciating, general
ized headache while gardening. This was followed, 
I 0 minutes later, by the patient 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 neurologic 
examination 3 days later revealed 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? 

15. A 26-year-old man, on leaving a bar after a few 
drinks, stepped into the road at 1 :00 AM 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, a policeman found 
the patient unconscious on the sidewalk. Physical 
examination at the local hospital found that the 
patient had recovered consciousness for a few 
minutes but then 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 positive Babinski sign was obtained 
on the left side. Examination of the scalp showed a 
severe bruise over the right temple, and a lateral 
radiograph of the skull showed a fracture of the 
anterior Inferior angle of the parietal bone. A CT 
scan showed a dense area extending from anterior 
to posterior along the inner table of the right pari
etal bone. What is the diagnosis? Let us suppose 
that the equipment for performing a CT scan was 
unavailable and that it was decided to perform a 
lumbar puncture; this test revealed a raised cere
brospinal fluid pressure, and the fluid was very 
slightly blood stained. Explain these additional 
findings. 

16. A 50-year-old woman complaining of headaches, 
drowsiness, and mental confusion visited her phy
sician. On close questioning, the patient distinctly 
remembered striking her head against a closet door 
when bending down 3 weeks previously. A CT scan 
revealed the presence of a large space-occupying 
lesion over the right frontal lobe of the brain. What 
is the possible diagnosis? 

17. A 55-year-old man with a history of hypertension 
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 
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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 hypo
tonic. The eyes were deviated to the left. Later, the 
right arm and leg showed complete paralysis and 
were insensitive to pinprick. A positive 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 respirations became 
deep and Irregular, and the patient died 6 hours 
later. Using your knowledge of neuroanatomy, make 
the diagnosis. 

18. What is the blood supply to the spinal cord? Which 
areas of the spinal cord are supplied by the anterior 
spinal artery? Which regions of the spinal cord are 
most susceptible to ischemia? 

Answers and Explanations to Clinical Problem Solving 

1. Once the terminal branches of the cerebral arteries 
enter the brain substance, no further anastomoses 
occur. Blockage of such end arteries by disease Is 
quickly followed by neuronal death and necrosis. 
The surrounding neuroglla then usually proliferates 
and invades the area, producing a neuroglial scar 
or forming a cystic cavity. The following important 
anastomoses exist between the cerebral arteries: 
(a) the circle of Willis; (b) anastomoses between 
the branches of the cerebral arteries on the surface 
of the cerebral hemispheres and the cerebellar 
hemispheres; and (c) anastomoses between the 
branches of the internal and external carotid arter
ies: (0 at their origin at the common carotid artery, 
Oi) at the anastomosis between the branches of the 
ophthalmic artery within the orbit and the facial 
and maxillary arteries, and (ilO between the menin
geal branches of the Internal carotid artery and the 
middle meningeal artery. 

2. The work of McDonald and Potter in 1951 showed 
that the posterior communicating artery is the site 
at which the streams of blood from the internal 
carotid and vertebral arteries on the same side 
come together, and since their pressures at this 
point are equal, they do not mix. Nevertheless, 
In clinical practice, good fllllng of the posterior 
cerebral artery with radlopaque material as shown 
by carotid angiography occurs In about 25% of 
patients. Slight fllllng also may be seen In other 
normal Individuals. The variable results can be 
explained 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. 

3. Occlusion of the cortical branches of the left pos
terior cerebral artery will give rise to right-sided 
homonymous hemianopia because of ischemia of 
the prhnary visual area in the calcarlne 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 hemi
anesthesla and the severe burning pain In the right 
leg are referred to clinically as the thalamlc syn
drome 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 presence of a mild fleeting right-sided hemipa
resls could be explained by a temporary occlusion 
of a branch of the left posterior cerebral artery to 
the left cerebral peduncle. 

4. Atheromatous plaques tend to occur at the follow
ing sites: (a) carotid sinus of the internal carotid 
artery at or just beyond the bifurcation of the com
mon carotid artery, (b) the first main bifurcation of 
the middle cerebral artery, (c) where the vertebral 
arteries join to form the basilar artery, (d) where 
the anterior cerebral artery curves superiorly and 
posteriorly over the genu of the corpus callosum, 
and (e) where the posterior cerebral artery passes 
around the lateral side of the cerebral peduncle. 

5. A stroke may be defined as a sudden development 
of a neurologlc defect, usually associated with the 
development of some degree of hemlplegta and 
sometimes accompanied by unconsciousness; it 
is usually caused by a cerebrovascular 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 example, cerebral 
embolism or cerebral hemorrhage Is a sudden 
event, whereas the development of atherosclerosis 
In a patient with hypertension Is a slow process 
that suddenly may become worse when thrombo
sis occurs at the site of the atheromatous plaque. 
Hemlplegla ls the most common sign, but many 
additional sensory defects may develop, depending 
on the artery blocked. Examples are hemlanesthe
sia, hemianopia, dyspha.sia, and dysarthria. 

6. 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, contralat
eral hemianesthesia owing to !schemta of the post
central 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 In the leg, foot, and toes 
owing to lschemla of the leg area of the cerebral 
cortex. Occlusion of the posterior cerebral artery 
or its branches may produce contralateral homony
mous hemianopia owing 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 
also be contralateral hemianesthesia and possibly 
the development of severe pain in the same areas. 



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

7. The internal carotid and the basilar arteries are 
equally affected by disease. The internal carotid 
artery supplies predominantly one cerebral hemi
sphere through the anterior cerebral and middle 
cerebral branches; therefore, occlusion of the inter
nal carotid artery will produce contralateral hemi
plegia, hemianesthesia, hemianopia, 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 bralnstem. Consequently, occlusion 
of the basilar artery will result in bilateral motor 
and sensory losses and involvement of the cranial 
nerves and cerebellum on both sides of the body. 

8. The dominant hemisphere possesses the language 
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 there
fore 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 persons who have a 
dominant right hemisphere, the reverse occurs. 

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

10. Since so many important ascending and descending 
tracts travel In the internal capsule, an occlusion 
of its blood supply would produce a widespread 
neurologtc deficit. The Internal capsule ls supplied 
by the medial and lateral striate central branches 
of the middle cerebral artery and by the central 
branches of the anterior cerebral artery. 

11. This patient has the symptoms of the carotid sinus 
syndrome. For a full description of this syndrome, 
see page 4 73. 

12. It has been estimated that irreversible changes 
start to occur in the cerebral nervous tissue about 
4 minutes following the complete arrest of cere
bral blood flow. (fhis figure may be higher if the 
patient's body has been cooled.) 

13. The impairment of vision of the right eye with 
motor symptoms in the left leg strongly suggests 
partial occlusion of the right internal carotid artery. 
When these are coupled with impairment of mem
ory 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 anglogram 
can confirm the presence of extreme narrowing of 
the Internal carotid artery at its origin. Ophthalmo
dynamometric measurements can show diminished 
retinal arterial pressure on the right side owing to 
diminished pressure in the right ophthalmic artery. 
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14. This patient had a congenital aneurysm of the ante
rior communicating artery. The sudden onset of a 
severe headache, which is often so dramatic that 
the patient feels as though he or she has been hit on 
the head, ls 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 
defect, which sometimes occurs when the aneu
rysm 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. 

15. This patient had a right-sided extradural hemor
rhage due to a fracture of the anterior part of the 
parietal bone, which tore the anterior division of 
the right middle meningeal artery. The history 
of the patient being found unconscious and then 
regaining consciousness for a period only to relapse 
into unconsciousness is a characteristic finding. 
The Initial trauma usually ls responsible for the 
initial loss of consciousness. The relapse into an 
unconscious state is due to the accumulation of a 
large blood clot under arterial pressure outside the 
meningeal layer of dura. This is responsible for the 
dilated pupil on the right side due to indirect pres
sure 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 pos
itive Babinski sign on the left side. The presence 
of a large blood clot in the intracranial cavity was 
easily recognized on a CT scan. The presence of the 
clot was also responsible for the raised cerebrospi
nal fluid pressure. The slight blood staining of the 
fluid obtained from a spinal tap was due to a small 
leakage of blood from the extradural space into the 
subarachnold space at the fracture site. 

16. This patient had a chronic subdural hematoma fol
lowing trauma to the head 3 weeks previously. This 
resulted from one of the superior cerebral 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 pressure. The blood 
clot could be seen easily on the CT scan. The blood 
clot was successfully removed through a burr hole in 
the skull, and the patient had no further symptoms. 

17. The history of hypertension, sudden onset of severe 
headache, slurring of speech, right lower facial 
weakness, right-sided hemlplegla, right positive 
Babinski sign, right-sided hemianesthesia, and devi
ation of the eyes to the left side are all diagnostic of 
a cerebrovascular accident involving the left cere
bral hemisphere. The perforating central branches 
of the left middle cerebral artery were found at 
autopsy to be extensively affected by atherosclero
sis. One of these arteries had ruptured, resulting in 
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a large hemorrhage Into the left lentifonn nucleus 
and left internal capsule. The combination of hyper
tension and atherosclerotlc degeneration of the 
artery was responsible for the fatal hemorrhage. 
The dilated fixed pupils, the irregularity In breath
ing, and, finally, death were due to the raised 
pressure within the hemisphere causing downward 
pressure effects within the brainstem. 

8 Review Questions 

Directions: Each of the numbered items in this section 
is followed by answers. Select the ONE lettered answer 
that is CORRECT. 
1. The following statements concern the blood supply 

to the brain: 
(a) The brain receives its blood supply directly 

from the two external carotid arteries. 
(b) The circle of Willis Is fonned by the anterior 

cerebral, the Internal carotid, the posterior 
cerebral, the basilar, and the anterior and pos
terior communicating arteries. 

( c) The cerebral arteries do not anastomose on the 
surface of the brain. 

(d) Numerous anastomoses occur between the 
branches of the cerebral arteries once they 
have entered the substance of the brain. 

(e) The main blood supply to the internal capsule 
ts from the central branches of the anterior 
cerebral artery. 

2. The areas of the cerebral cortex ltsted below 
receive their arterial supply as indicated: 
(a) The precentral gyrus (face area) ls supplied by 

the middle cerebral artery. 
(b) The postcentral gyros (face area) is supplied by 

the anterior cerebral artery. 
(c) The cuneus is supplied by the anterior cerebral 

artery. 
( d) The inferior temporal gyrus is supplied by the 

middle cerebral artery. 
(e) The Werntcke area is supplled by the posterior 

cerebral artery. 
3. The arteries ltsted below arise from the main stem 

arteries as indicated: 
(a) The ophthalmic artery is a branch of the middle 

cerebral artery. 
(b) The pontine arteries are branches of the inter

nal carotid artery. 
( c) The posterior communicating artery is a branch 

of the middle cerebral artery. 
( d) The posterior spinal artery arises from the ver

tebral artery. 
(e) The posterior Inferior cerebellar artery is a 

branch of the basilar artery. 

18. The blood supply to the spinal cord Is fully 
described on pages 471-472. The anterior spinal 
artery supplies the anterior two-thirds of the spinal 
cord. The upper and lower thoracic segments of the 
spinal cord have a relatively poor supply of blood 
because the anterior spinal artery In this region 
may be extremely small; therefore, they are more 
susceptible to ischemia. 

4. The veins listed below drain into the venous sinuses 
indicated: 
(a) The superior cerebral veins drain into the Infe

rior sagittal sinus. 
(b) The great cerebral vein drains into the superior 

saglttal sinus. 
(c) The superior cerebellar veins drain only into 

the straight sinus. 
( d) The spinal veins drain into the external verte

bral venous plexus. 
(e) The inferior sagittal sinus drains into the 

straight sinus. 
5. The following statements concern the cerebral 

blood flow: 
(a) The sympathetic postganglionlc fibers exert 

great control over the diameter of the cerebral 
blood vessels. 

(b) It varies greatly with changes In the general 
blood pressure. 

(c) Oxygen tension in the cerebral blood has no 
effect on the diameter of the cerebral blood 
vessels. 

( d) One of the most powerful vasodilators of cere
bral blood vessels is carbon dioxide. 

(e) The blood flow for a particular area of nervous 
tissue following occlusion of a cerebral artery 
does not depend on the collateral circulation. 

6. The following statements concern cerebral isch
emia: 
(a) Atheromatous degeneration of a cerebral artery 

does not cause degeneration of the nerve cells 
in the avascular area due to the presence of 
cerebrospinal fluid. 

(b) Neuronal function ceases after the blood flow 
has stopped for about 10 seconds. 

(c) Irreversible cerebral damage starts to occur 
after the blood flow has ceased for about 4 
minutes. 

( d) Shock occurring as the result of severe physical 
trauma does not result in cerebral ischemia. 

(e) Cooling of the patient's body following a cere
brovascular accident speeds up cerebral degen
eration. 



Figure 17-17 The arteries of the inferior surface of the 
brain. 
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Matching Questions. Directions: The following ques
tions apply to Figure 17-17. Match the numbered arter
ies listed below with the appropriate lettered arteries. 
Each lettered option may be selected once, more than 
once, or not at all. 

7. Nwnber 1 
8. Nwnber 2 
9. Nwnber3 

10. Number4 
11. Number 5 
12. Number 6 

(a) Middle cerebral artery 
(b) Anterior communicating artery 
(c) Posterior cerebral artery 
( d) Basllar artery 
(e) None of the above 

Directions: In the next item, select the ONE lettered 
answer that is CORRECT. 

13. The following statements concern the blood supply 
to the spinal cord: 
(a) The posterior spinal arteries supply the poste

rior third of the spinal cord. 
(b) The veins do not communicate with the veins of 

the brain and the venous sinuses. 
(c) The arteria radicularis magna (artery of Adam

kiewicz) arises in the lower thoracic region 
from the arch of the aorta. 

( d) The anterior spinal artery is double but usually 
arises from one vertebral artery. 

(e) The spinal arteries are not reinforced by 
branches of local arteries. 
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Directions: Each case history ls followed by ques
tions. Read the case history, then select the ONE BEST 
lettered answer. 

A 58-year-old man, while eating his evening meal, sud
denly complained of a severe headache. Moments later, 
he slumped forward and lost consciousness. 

14. On being admitted to the hospital, the examining 
physician could have found the following physical 
signs except: 
(a) He was in a deep coma, and his breathing was 

deep and slow. 
(b) The patient's head was turned to the left. 
(c) The right side of his face was flattened, and 

saliva was drooling out of the right corner of 
hls mouth. 

(d) The muscle tone of the limbs was less on the 
right side than on the left. 

(e) The right abdominal reflexes were absent, and 
there was a positive Babinski response on the 
left side. 

15. Three days later, the patient regained conscious
ness, and the following additional signs could have 
become apparent euept: 
(a) The right arm and, to a lesser extent, the right 

leg were paralyzed. 
(b) Movements of the left arm and leg and the left 

side of the face were normal. 
(c) The upper and lower parts of the right side of 

hls face were paralyzed. 
( d) The patient had difficulty in swallowing. 
(e) The patient was unable to speak. 

16. During the next 2 weeks, the following signs could 
have developed excep1: 
(a) The muscles of the limbs on the right side 

became hypertonic. 
(b) The tendon reflexes on the right side became 

hyperactive. 
(c) The patient had some sensory loss on the right 

side. 
( d) The patient was suffering from urinary incon

tinence. 
(e) The muscles on the left side exhibited hypoto

nia. 
17. The neurologist in charge of this patient Interpreted 

the findings as follows. All his interpretations were 
likely to be correct except: 
(a) The sudden onset of a severe headache fol

lowed by loss of consciousness is a common 
finding in patients with a blockage of a cerebral 
artery. 

(b) The depth of coma Is unrelated to the extent of 
the arterial blockage. 

{c) Paralysis of the face on the right side indicated 
the presence of a lesion on the left side of the 
brain. 

{ d) The patient's head and eyes were turned to the 
left {l.e., to the side of the lesion). 

(e) The loss of right-sided abdominal reflexes indi
cated the presence of a lesion on the left side 
of the brain. 
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18. The following physical signs and known anatomical 
data strongly suggested the involvement of the left 
middle cerebral artery except: 
(a) Paralysis of the right side of the face and the right 

arm was more severe than that of the right leg. 
(b) The presence of aphasia. 
(c) The central branches of the middle cerebral 

artery do not supply the lentlfonn nucleus, the 
caudate nucleus, and the internal capsule. 

(d) The left middle cerebral artery supplies the 
entire lateral surface of the cerebral hemi
sphere except for the narrow strip supplied by 
the anterior cerebral artery. 

(e) The left posterior cerebral artery supplies the 
occipital pole and the inferolateral surface of 
the cerebral hemisphere. 

A 60-year-old man was admitted to the emergency 
department, complaining of the sudden onset of excru
ciating, sharp, tearing pain localized to the back of 
the chest and the back. After a thorough physical and 
radiologic examination, a diagnosis of dissection of 
the descending thoracic aorta was made. Within a few 
hours, the patient started to experience "girdle" pain 

involving the fourth thoracic dermatome on both sides. 
Later, he was found to have bilateral thermoanesthesia 
and analgesia below the level of the fourth thoracic 
dermatome. Position sense, vibration, and light touch 
remained normal. Complete spastic paralysis of both 
legs quickly developed. 

19. The sudden onset of "girdle" pain In this patient was 
moet likely cauaecl by: 
(a) Pressure on the fourth thoracic spinal nerves 
(b) Blockage of the origins of the posterior lnter-

costal arteries that give rise to the segmental 
spinal arteries by the aortic dissection 

(c) Discomfort caused by the expanding aneurysm 
(d) Osteoarthritis of the vertebral column 

20. The development of bilateral thermoanesthesia 
and analgesia below the level of the fourth thoracic 
segment of the cord and the later development of 
paraplegia could be camed by: 
(a) Absent circulation In the posterior spinal 

arteries 
(b) Cerebral hemorrhage 
(c) Absent circulation in the anterior spinal artery 
(d) Collapse of the fourth thoracic vertebral body 

fl Answers and Explanations to Review Questions 

1. B is correct. The circle of Willis is fonned by the 
anterior cerebral, the internal carotid, the posterior 
cerebral, the basilar, and the anterior and posterior 
communicating arteries (see Fig. 17-0). A. The brain 
receives its blood supply directly and indirectly 
from the two internal carotid and the two vertebral 
arteries that lie within the subarachnoid space. 
C. The cerebral arteries anastomose on the surface 
of the brain. D. No anastomoses exist between 
the branches of the cerebral arteries once they 
have entered the substance of the brain. E. The 
main blood supply to the Internal capsule is from 
the central branches of the middle cerebral artery. 

2. A is correct. The precentral gyros (face area) is 
supplled by the middle cerebral artery (see Figs. 8-5 
and 17-3). B. The face area of the postcentral gyros 
is supplied by the middle cerebral artery. C. The 
cuneus is supplied by the posterior cerebral artery 
(see Fig. 17-3). D. The Inferior temporal gyros is 
supplied by the posterior cerebral artery (see 
Fig. 17-3). E. The Wernicke area is supplied by the 
middle cerebral artery. 

3. D ls correct. The posterior spinal artery arises from 
the vertebral artery (see Fig. 17-7). A. The ophthal
mic artery Is a branch of the cerebral portion of 
the internal carotid artery. B. The pontine arteries 
are branches of the basilar artery (see Fig. 17-2). 
C. The posterior communicating artery ls a branch 
of the internal carotid artery (see F1g. 17-2). E. The 
posterior inferior cerebellar artery is a branch of the 
vertebral artery (see Fig. 17-2). 

4. E is correct. The inferior sagittal sinus drains into the 
straight sinus (see Fig. 17-5). A The superior cere
bral veins drain into the superior saglttal sinus (see 
Fig. 17-5). B. The great cerebral vein drains into the 
straight sinus (see Fig. 17-5). C. The superior cerebel
lar veins drain into the straight sinus, the transverse 
sinus, and the occipital sinus (see Fig. 17-5). D. The 
spinal veins drain into the internal vertebral venous 
plexus. 

5. D Is correct. One of the most powerful vasodllators 
of cerebral blood vessels Is carbon dioxide. A. The 
sympathetic postganglionic fibers exert very little 
control over the diameter of the cerebral blood ves
sels. B. The cerebral blood flow varies only slightly 
with changes in the general blood pressure. C. Low 
oxygen tension In the cerebral blood causes vaso
dilation of the cerebral blood vessels. E. The blood 
flow for a particular area of nervous tissue following 
occlusion of a cerebral artery depends on the ade
quacy of the collateral circulation. 

6. C is correct. Irreversible cerebral damage starts to 
occur after blood flow has ceased for about 4 min
utes. A. Atheromatous degeneration of a cerebral 
artery may cause degeneration of the nerve cells in 
the avascular area and proliferation of the microglial 
cells in the surrounding area. B. Neuronal function 
ceases after blood flow has stopped for about 
1 minute. D. Shock occurring as the result of severe 
physical trauma can result in cerebral lschemia. 
E. Cooling of the patient's body following a cerebro
vascular accident slows down cerebral degeneration. 



For answers to Questions 7 to 12, study Figure 17-17 
which shows the arteries of the inferior surface of the 
brain. 

7. B is correct; 1 is the anterior communicating artery. 
8. C Is correct; 2 is the posterior cerebral artery. 
9. E is correct; 3 is the left vertebral artery. 

10. D Is correct; 4 is the basilar artery. 
11. E Is correct; 5 is the (right) posterior communicat

ing artery. 
12. A Is correct; 6 ls the (right) middle cerebral artery. 
13. A Is correct. The posterior spinal arteries supply 

the posterior third of the spinal cord (see p. 471). 
B. The spinal cord veins communicate with the veins 
of the brain and the venous sinuses. C. The arteria 
radlcularis magna (artery of Adamklewicz) arises 
from the aorta in the lower thoracic or upper lumbar 
vertebral levels. D. The anterior spinal artery Is sin
gle but usually arises from both vertebral arteries. 
E. The spinal arteries are reinforced by radlcular 
arteries, which are branches of local arteries. 

14. E Is the exception. A positive Babinski sign was 
present on the right side. 

15. C is the exception. The muscles of the upper part of 
the face on the right side are not affected by a lesion 
involving the upper motor neurons on the left side of 
the brain. This is due to the fact that the part of the 
facial nucleus of the seventh cranial nerve that con
trols the muscles of the upper part of the face receives 
cortlconuclear fibers from both cerebral hemispheres. 

16. E is the exception. The cerebral lesion was on the left 
side of the brain, and the muscles of the left leg were 
completely unaffected by the vascular accident. 
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17. B is the exception. The depth of coma is related to 
the extent of the arterial blockage. 

18. C is the exception. The central branches of the right 
middle cerebral artery do supply the right lentiform 
and caudate nuclei and the right internal capsule. 

19. B is correct. In the thoracic region, the posterior 
intercostal arteries arise directly from the thoracic 
aorta and can be blocked by a blood clot as the 
aortic dissection progresses. The segmental spinal 
arteries, which are branches of the posterior lnter
costal arteries, give origin to the radicular arteries 
that supply the spinal nerves and their roots. If 
these arteries are compromised, severe pain is 
experienced in the distribution of the spinal nerves 
involved and, hence, the "girdle" pain. 

20. C Is correct. The blood supply to the spinal cord is 
meager and if the segmental arteries that reinforce 
the anterior and posterior spinal arteries are com
promised, ischemia of the spinal cord could follow. 
In this patient, the circulation in the anterior spinal 
artery ceased and the blood supply to the anterior 
two-thirds of the spinal cord was cut off. This would 
explain the sudden development of bilateral ther
moanesthesla and analgesia (spinothalamic tracts 
in both lateral white columns) and the paraplegia 
(cortlcosplnal tracts In both lateral white columns). 
The sparing of the sensations of position, vibration, 
and light touch, which travel In the fasclculus graci
lis and fasclculus cuneatus, can be explained by the 
fact that the posterior white columns are supplied 
by the posterior spinal arteries in which the circu
lation is adequate. 



Nervous System 
Development 

CHAPTER OBJECTIVES 

• To review the development of the nervous system 

• To visualize the relationship of different parts of the 
nervous system to one another 

A pediatrician examines a newborn baby boy after a dif
ficult delivery and finds a soft, fluctuant swelling over the 
vertebral column in the lumbosacral region. The swelling 
measures about 3 in (7.S cm) in diameter and is covered 
with a thin layer of intact skin. Transillumination of the 
sac reveals what appears to be solid nervous tissue. Any 
neurologic deficit is carefully looked for, and the baby 
is noted to move both legs normally and appears to 
respond normally to painful stimulation of the leg skin. 
Examination of the anal sphincter shows normal tone. 

In Chapter 1, the early development of the nervous 
system was considered to give the reader some Insight 
into how the brain and spinal cord came Into existence 
(seep. 14). In this chapter, the process of development 
continues, and the different parts of the nervous system 
followed as they evolve. An embryologic explanation for 
some of the more common congenital anomalies will be 
discussed. 

SPINAL CORD 
In early development, the neural tube ls seen to dilate 
at the cephalic end Into the forebndn veelcle, the mld
bnin vesicle, and thehlDdbndn vesicle (see Fig. l-18A). 
The rest of the tube elongates and remains smaller In 
diameter; it will form the spinal cord. 

The wall of the neural tube consists of a single layer 
of pseudostratified colwnnar epithelial cells, called 
the matrtx cella. This thick zone of epithelium, which 
extends from the cavity of the tube to the exterior, is 
referred to as the venldcular zone. The nuclei of these 
cells move in toward the cavity of the tube to divide, 
and out toward the periphery during the intermitotlc 
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• To understand how the different nerve tracts Insinuate 
themselves between the central masses of gray matter 

• To review common congenital anomalies of the 
nervous system 

Careful examination for other congenital anomalies, 
especially hydrocephalus, is also made, but nothing 
abnormal is detected. 

A diagnosis of meningomyelocele is made. In this con
dition, vertebral arches fail to develop, with herniation of 
the meninges and nervous tissue through the defect. The 
child must be operated on; the lower end of the spinal 
cord and the cauda equina are returned to the vertebral 
canal, and the vertebral defect is repaired. The child will 
make an uneventful recovery. 

phases of the cell cycle (see Fig. 1-18C). Repeated d1v1-
sion of the matrix cells results in an increase In length 
and diameter of the neural tube. Eventually, the early 
neurobluts are formed and are incapable of further 
division. These cells migrate peripherally to form the 
Intermediate zone. The intermediate zone will form 
the gray matter of the spinal cord. The neuroblasts 
now give rise to nerve fibers that grow peripherally and 
form a layer external to the intermediate zone called 
the marginal zone. The nerve fibers in the marginal 
zone become myellnated and form the white matter of 
the spinal cord. 

While the neuroblasts are being formed, the matrix 
cells also give rise to the astrocytes and the ollgoclen
clrocytes of the neW'Oglia. Later, the mlcrogJlal cells. 
which are derived from the surrounding mesenchyme. 
migrate into the developing spinal cord along with 
blood vessels. The ependymal cen. are formed from 
the matrix cells that line the neural tube. 

The cavity of the neural tube now becomes narrowed 
to form a dorsiventral cleft with thick lateral walls and 
thin floor and roof platu (F1g. 18-lA). The Intermediate 
zone of the lateral wall of the tube forms a large ante
rior thickening known as the bual plate and a smaller 
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Figure 18-1 Different stages in the development of the spinal cord showing the neural crest cells, 
which will form the first afferent neurons in the sensory pathway. 

posterior thickening known as the aJar plate. The neu
roblasts in the basal plate will form the motor cells of 
the anterior column (horn), while the neuroblasts in the 
alar plate will become the sensory cells of the posterior 
column. The motor basal plate and the sensory alar 
plate are separated on each side by the sulcua llmltana. 
The roof and floor plates remain thin, and the cells con
tribute to the ependyma. 

Continued growth of the basal plates on each side of 
the midline forms a deep longitudinal groove called the 
anterior median ftMure (see Fig. 1~ 1 C). The alar plates 
also increase in size and extend medially, compressing 
the posterior part of the lumen of the neural tube. Ulti
mately, the walls of the posterior portion of the tube 
fuse, forming the posterior mecllan septum. The lwnen 
of the neural tube becomes the central canal. 

Further Development of the Motor Neurons 
The medial group of motor neurons forms large multi
polar cells whose axons will leave the anterior surface 
of the spinal cord to supply the musculature of the 
body. Currently occupying the minds of research
ers ts how the axons from a developing neuron are 
guided from their points of origin to a specific target. 
The growing end of the axon ls believed to possess 

numerous receptors that respond to chemical cues 
along the way. 

The lateral group of neurons gives rise to axons that 
will leave the anterior surface of the spinal cord as auto
nomic pregangllonic fibers. Between the flrst thoracic 
and second or third lumbar segments of the mature 
spinal cord, the lateral group of neurons will form the 
lateral gray column (horn), that ls, the sympathetic 
ouUlow. Collectively, the axons leaving the anterior 
surface of the spinal cord will form the anterior roots 
of the aplnal nerves (see Fig. 18-ID). 

Afferent Neuron Development in the 
Sensory Pathway 
The flrst neurons in the sensory pathway have their cell 
bodies situated outside the spinal cord and are derived 
from the neural crest (see Figs. 1-16 and l~ID). The 
neural crest cells migrate to a posterolateral position 
on either side of the developing spinal cord and become 
segmented into cell clusters. Some of the cells in each 
cluster now differentiate into neuroblasts. Each neu
roblast develops two processes: a peripheral process 
and a central process. The peripheral processes grow 
out laterally to become typical axons of sensory nerve 
fibers. The central processes, also axons, grow into the 
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posterior part of the developing spinal cord and either 
end in the posterior gray column or ascend through the 
marginal zone (white matter) to one of the higher brain 
centers. These central processes are referred to collec
tively as the posterior root of the spinal nerve (see 
Fig. 18-ID). The peripheral processes join the anterior 
root to form the spinal nerve. 

Some of the neural crest cells form the cap&U)ar or sat
ellite cells, which surround the unipolar nerve cell bod
ies in a ganglion. Each posterior root ganglion is thus 
formed of the unipolar neurons and the capsular cells. 

Further Development of Posterior Gray 
Column Sensory Neurons 
The neuroblasts that have entered the alar plates now 
develop processes that enter the marginal zone (white 
matter) of the cord on the same side and either ascend 
or descend to a higher or lower level. Other nerve cells 
send processes to the opposite side of the cord through 
the floor plate, where they ascend or descend for vari
able distances (see Fig. 18-IA). 

Development of the Meninges and Spinal Cord 
Relationship to Vertebral Column 
The pla mater, arachnoid mater, and dura mater are 
formed from the mesenchyme (sclerotome) that sur
rounds the neural tube. The subarachnoid space devel
ops as a cavity In the mesenchyme, which becomes 
filled with cerebrospinal ftuid (CSF). The ligamentum 
dentlculatum is formed from areas of condensation of 
the mesenchyme. 

During the first 2 months of intrauterine life, the 
spinal cord is the same length as the vertebral column. 
Thereafter, the developing vertebral column grows 
more rapidly than the spinal cord; thus, at birth, the 
coccygeal end of the cord lies at the level of the third 
lumbar vertebra. In the adult, the lower end of the spi
nal cord lies at the level of the lower border of the body 
of the first lumbar vertebra. As a result of this dispro
portion in the rate of growth of the vertebral column 
and spinal cord, the anterior and posterior roots of the 
spinal nerves below the first lumbar segment of the spi
nal cord descend within the vertebral canal until they 
reach their appropriate exits through the intervertebral 
foramina. Moreover, the pia mater, which attached the 
coccygeal end of the spinal cord to the coccyx, now 
extends down as a slender fibrous strand from the 
lower end of the cord to the coccyx and forms the filum 
termlnale. The obliquely coursing anterior and poste
rior roots of the spinal nerves and the filum terminale, 
which now occupy the lower end of the vertebral canal, 
collectively form the cauda equlna. 

We now know how the cauda equina is enclosed 
within the subarachnold space down as far as the level 
of the second sacral vertebra. In this region, below the 
level of the lower end of the spinal cord, a lumbar punc
ture can be performed (seep. 19). 

As the result of the development of the limb buds 
during the fourth month and the additional sensory and 

motor neurons, the spinal cord becomes swollen in the 
cervical and lumbar regions to form the cervical and 
lumbar enlargements. 

BRAIN 
Once the neural tube has closed, the three primary 
vesicles-the forebraln vesicle, the mldbraln vesicle, 
and the hlndbrain vesicle-complete their develop
ment (Fig. 18-2). The forebrain vesicle will become 
the forebrain (prosencephalon), the midbrain vesicle 
will become the midbrain (mesencephalon), and the 
hindbrain vesicle will become the hindbrain (rhomb
encephalon). 

By the fifth week, the forebraln and hlndbraln vesi
cles divide into two secondary vesicles. The forebrain 
vesicle forms (1) the telencephalon, with Its primitive 
cerebral hemispheres, and (2) the dlencephalon, which 
develops optic vesicles. The hindbrain vesicle forms 
(1) the metencephalon, the future pons and cerebel
lum, and (2) the myelencephalon, or medulla oblongata 
(Table 18-1). 

The basic pattern of the ventricular system is now 
established. The cavity in each cerebral hemisphere is 
known as the lateral ventricle. The cavity of the dien
cephalon is known as the third ventricle. With contin
ued growth, the cavity of the mldbraln vesicle becomes 
small and forms the cerebral aqueduct or aqueduct of 
Sylvtus. The cavity of the hlndbraln vesicle forms the 
fourth ventricle, which is continuous with the central 
canal of the spinal cord. The lateral ventricles commu
nicate with the third ventricle through the lnterventrlc
ular foramina. The ventricular system and the central 
canal of the spinal cord are lined with ependyma and 
are filled with CSF. In the earliest stages, the CSF within 
the ventricular system ls not continuous with that of 
the subarachnoid space. 

Early in development, the embryo is a flat disc, and 
the neural tube is straight. Later, with the development 
of the head fold and tail fold, the neural tube becomes 
curved. 

Medulla Oblongata (Myelencephalon) 
The walls of the hindbrain vesicle initially show the 
typical organization seen in the neural tube, with the 
anterior thickenings, known as the basal plates, and 
the posterior thickenings, known as the alar plates, 
being separated by the sulcus limitans (Fig. 18-3). As 
development proceeds, the lateral walls are moved lat
erally (like an opening clamshell) at higher levels by the 
expanding fourth ventricle. As a result, the alar plates 
come to lie lateral to the basal plates. The neurons of 
the basal plate form the motor nuclei of cranial nerves 
(CNs) IX, X, XI, and XII and are situated in the floor of 
the fourth ventricle medial to the sulcus limitans. The 
neurons of the alar plate form the sensory nuclei of CNs 
V, VIIl, IX, and X and the gracile and cuneate nuclei. 
Other cells of the alar plate migrate ventrolaterally and 
form the olivary nuclei. 
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Table 18·1 Primary Divisions of the Developing Brain 

Forebrain vesicle 

Midbrain vesicle 
Hindbrain vesicle 

Prosencephalon (forebrain} - l Telencephalon Cerebral hemisphere, basal 
ganglia, hippccampus 

I 
Thalamus, hypothalamus, pineal 

. body, infundibulum 

Mesenc:ephalon (midbrain) =tM""esencephalon (midbrain_) _ _._14_ec:tu- m, tegmentum, aus c:ereb.!!._ 

Rhombenc:ephalon {hindbrain) ~nc:ephalon ~· cerebellum 
Myelencephalon Medulla oblongata 

Dienc:ephalon 
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The roof plate becomes stretched into a thin layer of 
ependymal tissue. The vascular mesenchyme lying in 
contact with the outer surface of the roof plate forms the 
pia mater, and the two layers together form the tela cllo
roldea. Vascular tufts of tela choroldea project Into the 
cavity of the fourth ventricle to form the choroid plexus. 
Between the fourth and fifth months, local resorptions of 
the roof plate occur; forming paired lateral foramlna, the 
foramlna of Luschka, and a median foramen, the fora
men of Magendle. These Important foramlna allow the 
escape of the CSF, which is produced in the ventricles, 
into the subarachnoid space (see p. 443). 

The floor plate remains narrow and forms the region 
of the median sulcus. In the marginal layer on the 
anterior aspect of the medulla, descending axons from 
the neurons in the motor areas of the cerebral cortex 
(precentral gyrus) produce prominent swellings called 
the pyramlcl8. 

Pons (Ven1ral Part of Metencephalon) 

The pons arises from the anterior part of the meten
cephalon (Fig. 18-4), but it also receives a cellular con
tribution from the alar part of the myelencephalon . 

. Sulcus limitans 

The neurons of the basal plates form the motor 
nuclei of CNs V. VI, and VII. The neurons of the ventro
medial part of each alar plate form the main sensory 
nucleus of CN V. a sensory nucleus of CN VII, and the 
vestibular and cochlear nuclei of CN VIII; they also form 
the pondne nuclei. The axons of the pontine nuclei 
grow transversely to enter the developing cerebellum of 
the opposite side, thus forming the transvene pontlne 
fibers and the middle cerebellar peduncle. 

Cerebellum (Posterior Part of Metencephalon) 
The cerebellum is formed from the posterior part of the 
alar plates of the metencephalon. On each side, the alar 
plates bend medially to form the :rhombic lips (Fig. 18-5). 
As alar plates enlarge, the lips project caudally over the 
roof plate of the fourth venttlcle and unite with each 
other In the midline to form the cerebellum (Fig. 18-6; 
also see Fig. 18-5). At the 12th week, a small midllne por
tion, the vermls. and two lateral portions, the cerebellar 
hemlspheres, may be recognized. At about the end of 
the fourth month, fissures develop on the surface of the 
cerebellum, and the characteristic folia of the adult cere
bellum gradually develop. 
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Figure 18-7 Successive stages in the development of the midbrain. 

The neW'Oblasts derived from the matrix cells in the 
ventricular zone migrate toward the surface of the cere
bellum and eventually give rise to the neurons forming 
the cerebellar cortex. Other neuroblasts remain close 
to the ventricular surface and differentiate into the 
dentate and other deep cerebellar nuclei. With further 
development, the axons of neurons forming these nuclei 
grow out into the mesencephalon (midbrain) to reach 
the forebrain, and these fibers will form the greater part 
of the superior cerebellar peduncle. Later, the growth 
of the axons of the pontocerebellar fibers and the cor
tlcopontlne fibers will connect the cerebral cortex with 
the cerebellum, and so the middle cerebellar peduncle 
will be formed. The inferior cerebellar peduncle will be 
formed largely by the growth of sensory axons from 
the spinal cord, the vestibular nuclei, and olivary nuclei. 

Midbrain {Mesencephalon) 
The mldbraln develops from the midbraln vesicle, the 
cavity of which becomes much reduced to form the 
cerebral aqueduct or aqueduct of Syl\'lus (Fig. 18-7). 
The sulcus limltans separates the alar plate from the 
basal plate on each side, as seen in the developing 
spinal cord. The neuroblasts in the basal plates wlll 
differentiate Into the neurons forming the nuclei of CN1 
DI and W and possibly the red nuclei, the suhsbmtia 
nlgra. and the reticular formation. The marginal zone 
of each basal plate enlarges considerably, thus fonning 

the ba.818 pecluncull by the descent of nerve fibers from 
the cerebral cortex to the lower motor centers In the 
pons and spinal cord-that is, the cortlcopontine, cor
tlcobulbar, and cortlcosplDal tracts. 

The two alar plates and the original roof plate form 
the tectum. The neuroblasts in the alar plates differ
entiate into the sensory neurons of the superior and 
lnferlor colllcull. Four swellings representing the four 
colliculi appear on the posterior surface of the mid
brain. The superior colliculi are associated with visual 
reflexes, and the inferior colliculi are associated with 
auditory reflexes. 

With further development, the fibers of CN IV emerge 
on the posterior surface of the mldbraln and decussate 
completely in the superior medullary velum. The fibers 
of CN Ill emerge on the anterior surface between the 
cerebral peduncles. 

Forebrain (Prosencephalon) 
The forebraln develops from the forebraln vesicle. The 
roof and floor plates remain thin, whereas the lateral 
walls become thick, as in the developing spinal cord. 
At an early stage, a lateral divertlculum called the opdc 
veelcle appears on each side of the forebraln. That part 
of the forebraln that lies rostral to the optic vesicle ls 
the telencephalon, and the remainder is the dlencepha
lon (Fig. 18-8). The optic vesicle and stalk ultimately will 
form the retina and optic nerve. 
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The telencephalon now develops a lateral divertic
ulum on each side of the cerebral hemisphere and its 
cavity is known as the laten1 ventrlde. The 'anterior 
part of the third ventricle, therefore, Is formed by the 
medial part of the telencephalon and ends at the lam
ina termlnalla, which represents the rostral end of the 
neural tube. The opening Into each lateral ventricle Is 
the future lnterventrlcular foramen. 

Diencephalon Fate 
The cavity of the diencephalon forms the greater part of 
the third ventricle (see Fig. lS-8). Its roof shows a small 
dlverticulum lnunedlately anterior to the mldbrain 
which will form the pineal body. The remainder of th~ 
roof forms the choroid plexus of the third veotrlde 
(Fig. 18-9). In the lateral wall of the thjrd ventricle, the 
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Flg"':8 18-9 Diagra~matic n:presentatio~ of 11 coronal section of the cerebral hemispheres 
showing the developing choroid plexuses rn the third and lateral ventrides. 
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Figure 18-10 Diagrammatic representation of a coronal section of the cerebral hemi
spheres showing the choroid plexuses in the third and lateral ventricles. Also shown are the 
caudate and lentiform nudei and the thalami. The ascending and descending nerve tracts 
can be seen passing between the masses of gray matter to form the internal capsule. 

thalamus arises as a thickening of the alar plate on each 
side. Posterior to the thalamus, the medial and lateral 
genlculate bodies develop as soltd buds. With the con
tinued. growth of the two thalami, the ventricular cavity 
becomes narrowed, and in some individuals, the two 
thalami may meet and fuse In the midline to form the 
lnterthalamlc connection of gray matter that crosses 
the third ventricle (Fig. 18-10). 

The lower part of the alar plate on each side will dif
ferentiate into a large number of hypothalamic nuclei. 
One of these becomes conspicuous on the inferior sur
face of the hypothalamus and forms a rounded swelling 
on each side of the mldllne called the mammUJary body. 

The IDfwullbulam. develops as a divertlculum from 
the fioor of the dlencephalon and from It will originate the 
8talk and pan nervoea of the hypophyals. 

Telencephalon Fate 
The telencephalon forms the anterior end of the third 
ventricle, which is closed by the lamina termlnalis, 
while the dlvertlculum on either slde forms the cerebral 
hemisphere. 

Cerebral Hemispheres 
Each cerebral hemisphere arises at the beginning of 
the fifth week of development. As It expands superiorly, 

its walls thicken, and the interventricular foramen 
becomes reduced In size (see Figs. 18-8 to 18-10). 
The mesenchyme between each cerebral hemisphere 
condenses to form the fah: cerebrt. As development 
proceeds, the cerebral hemispheres grow and expand 
rapidly, first anteriorly to form the frontal lobes, then 
laterally and superiorly to form the parietal lobes. 
and finally posteriorly and inferiorly to produce the 
occipital and temporal lobes. As the result of this great 
expansion, the hemispheres cover the midbrain and 
hindbrain (Fig. 18-11). 

The medial wall of the cerebral hemisphere remains 
thin and is formed by the ependymal cells. This area 
becomes invaginated by vascular mesodenn, which 
forms the choroid plems of the lateral ven1rlcle 
(see Fig. 18-10). The occipital lobe of the cerebral 
hemisphere ls separated from the cerebellum by mes
enchyme, which condenses to form the tentorlum. 
cerebeW. 

Meanwhile, the matrix cells lining the floor of the 
forebrain vesicle proliferate, producing large numbers 
of neuroblasts. These collectively form a projection that 
encroaches on the cavity of the lateral ventricle and is 
known as the corpua Atrlal:Um (see Fig. 18-9). Later, this 
differentiates into two parts: (1) the dorsomed.ial por
tion, the caudate nucleus, and (2) a ventrolateral part, 
the lendform nucleus. The latter becomes subdivided 
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into a lateral part, the pa.tamen, and a medial part, the 
&lobus paDldns (see Fig. 18-10). As each hemisphere 
expands, Its medial surface approaches the lateral sur
face of the diencephalon; thus, the caudate nucleus and 
thalamus come ln close contact. 

A further longltudlnal thlckenlng occurs in the wall 
of the forebraln vesicle, and the thickening protrudes 
into the lateral ventricle and forms the hlppocampue. 

While these various masses of gray matter are devel
oping within each cerebral hemisphere, maturing neu
rons in different parts of the nervous system are sending 
axons either to or from the differentiating cortex. These 
axons form the large ucendlng and descending tractB, 
which, as they develop, are forced to pass between the 

thalamus and caudate nucleus medially and the lentl
form nucleus laterally. The compact bundle of ascend
ing and descending tracts is known as the Internal 
capsule. The enenial capsule consists of a few cortl
cal prof ectlon fibers that pass lateral to the lentiform 
nucleus. 

Cerebral Cortex 
As each cerebral hemisphere rapidly expands, the con· 
volotlons or art separated by ftMurea or sold become 
evident on its surface. The cortex covering the lenti
form nucleus remains as a flxed area called the lmula 
(see Fig. 18-1 lB). Later, this region becomes buried In 
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the lateral su:Jcus as the result of overgrowth of the 
adjacent temporal, parietal, and frontal lobes. 

The matrix cells lining the cavity of the cerebral 
hemisphere produce large numbers of neuroblasts and 
neurogUal cells that migrate out into the marginal 
zone. The remaining matrix cells ultimately will fonn 
the ependyma, which lines the lateral ventricle. In the 
12th week. the cortex becomes very cellular because of 
the migration of large numbers of neuroblasts. At term, 
the neuroblasts have become differentiated. and have 
asswned a stratified appearance as the result of the pres
ence of incoming and outgoing fibers. Different areas of 
the cortex soon show specific cell types; thus, the motor 
cortex contains a large number of pyramidal cell8, 
whereas the sensory areas are characterized mainly by 
granular cells. 

Commissures 
The Jamin.a termlnalls, which is the cephalic end of the 
neural tube, forms a bridge between the two cerebral 
hemispheres and enables nerve fibers to pass from one 
cerebral hemisphere to the other (see Fig. 18-8). 

The anterior comml"'ll'e ls the first commlssure to 
develop. It runs in the lamina terminalls and connects 
the olfactory bulb and the temporal lobe of the cortex 
on one side with the same structures of the opposite 
hemisphere. 

The fomb: Is the second commlssure to develop 
and connects the cortex of the hippocampus in each 
hemisphere. 

The corpus caDOllWD, the largest and most important 
commissure, is the third commissure to develop. Its first 
fibers connect the frontal lobes of both sides and, later, 
the parietal lobes. As the corpus callosum Increases In 
size because of Increased numbers of fibers, It arches 
back over the roof of the developing third ventricle. 

r 
e \.... Ill Il l.el l I "Ult :> 

Congenital Anomalies 
Practically any part of the nervous system can show 
defects of development, and these produce a wide variety 
of clinical signs and symptoms. Only the common defects 
of the central nervous system are considered here. Spina 
bifida, hydrocephalus, and anencephaly each occur about 
6 tlmes/1,000 births and are therefore the more common 
congenital anomalies. 

Spina Blftda 
In splna blflda, the spines and arches of one or more adja· 
cent vertebrae fail to develop (Fig. 18-12). The condition 
occurs most frequently in the lower thoradc, lumbar, and 
sacral regions. Beneath this defect, the meninges and spl· 
nal cord may or may not be Involved ln varying degrees. 
The condltlon is a result of failure of the mesenchyme, 
which grows In between the neural tube and the surface 

The remains of the lamina terminalis, which lie between 
the corpus callosum and the fomix:, become stretched 
out to form a thin septwn, the septum pelluddum.. The 
optic chl881D8 ls formed in the inferior part of the lam
ina terminalis; lt contains fibers from the medial halves 
of the retlnae, which cross the midline to join the optic 
tract of the opposite side and so pass to the lateral 
genlculate body and the superlor oolllculus. 

Myelination in the Central Nervous System 
The myelin sheath ln the central nervous system Is 
formed and maintained by the oligodendrocytes of the 
neuroglia (seep. 54). 

Myelinatlon in the spinal cord begins first in the 
cervical region, and from here, the process extends 
caudally. The process of myelination begins within the 
cord at about the fourth month, and the sensory fibers 
are affected first. The last affected are the descending 
motor fibers. 

Myelination in the brain begins at about the sixth 
month of fetal life but Is restricted to the fibers of the 
basal ganglia. Later, the sensory fibers passing up from 
the spinal cord myelinate, but the progress Is slow; 
therefore, at birth, the brain still is largely unmyelln
ated. Newborns have very little cerebral function; motor 
reactions such as respiration, sucking, and swallowing 
are essentially reflex. After birth, the cortlcobulbar, 
cortlcospinal, tectospinal, and cortlcopontocerebellar 
fibers begin to myelinate. This process of myelination 
is not haphazard but systematic. occurring in different 
nerve fibers at specific times. The corticospinal fibers. 
for example, start to myelinate at about 6 months after 
birth, and the process is largely complete by the end of 
the second year. It is believed that some nerve fibers in 
the brain and spinal cord do not complete myellnatlon 
until puberty. 

ectoderm, to form the vertebral arches In the affected 
region. The types of splna blflda are as follows: 
1. Splua b111cla occulta. The spines and arches of one or 

more vertebrae, usually in the lumbar region. are absent, 
and the vertebraJ canal remains open posteriorly. The 
spinal cord and nerve roots usually are normal. The 
defect ls covered by the postvertebral muscles and c~ 
not be seen from the swface. A small tuft of hair or a 
fatty tumor may be present over the defect. Most cases 
are symptomless and are diagnosed by chance when the 
vertebral column is x'4'ayed. 

2. Menlngocele. The meninges project through the 
defect In the vertebral arches, forming a cysUc swell
ing beneath the skin and containing CSF, which com
municates with the subarachnold space (Fig. 1~13; also 
see Fig. 18-12). The spinal cord and nerves usually are 
normaJ. 
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Spina bltlda ooculta Menlngocele 

Menlngornyelocele Myelocele 

Syrfngomyelocele 

Figure 18-12 Different types of spina bifida. 

3. Menlngomyeloeele. The normal spinal cord, or cauda 
equlna, lies within the meningeal sac, which projects 
through the vertebral arch defect (see Fig. 18-12). The 
spinal cord or nerve roots are adherent to the Inner wall 
of the sac. 

4. Myelocele. The neural tube fails to close in the region of 
the defect. An oval raw area is found on the surfue; this 
represents the neural groove whose bps are fused. The 
central canal discharges clear CSF onto the surface. 

5. Syrlngomyelocele. This condition is rare. A meningomy
elocele is present, and in addition, the central canal of 
the spinal cord at the level of the bony defect la grossly 
dilated. 

Spina blfida occulta Is the most common defect. The 
next most common defect is myelocele, and many afflicted 
Infants are born dead. If the child is born alive, death from 
Infection of the spinal cord may occur within a few days. 
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Flgare 18-13 A meningocele in the lumbosacral region. 
(Courtesy Dr. L Thompson.} 

Most cases of spina blftda occulta require no treatment. 
A menlngocele should be removed surgically within a few 
days of birth. Infants with mentngomyelocele should also 
be treated surgically. The sac Is opened, and the spinal 
cord or nerves are freed and carefully replaced In the ver· 
tebral canal. The meninges are sutured over the cord and 
the postvertebral muscles are approximated. 

As the result of advances In medical and surgical care, 
many Infants with the severe forms of spina blftda now 
survive. Unfortunately, these children are likely to have 
lifelong disabilities and psychosocial problems. The neuro
logic deficits alone may result in deformation of the limbs 
and spine and in bladder, bowel, and sexual dysfunction. 

Hydrocephalus 
Hydrocephalus ls an abnonnal increase in the volume of 
CSF within the skull. The conditlon may be associated with 
splna biflda and menlngocele. Hydrocephalus alone may 
be caused by stenosis of the cerebral aqueduct or, more 
commonly, by the normal single channel being represented 
by many Inadequate minute tubules. Another cause, which 
is progressive, ls the overgrowth of neuroglia around the 
aqueduct. Inadequate development or failure of develop
ment of the interventricular foramen, or the foramlna of 
Magendie and Luschka, may also be responsible. 

In cases of hydrocephalus with spina bifida, the Arnold
Cblarl phenomenon may occur. During development, the 
cephalic end of the spinal cord Is fixed by virtue of the 
brain residing In the skull, and In the presence of splna 
blfida, the caudal end of the cord may also be fixed. The 
longitudinal growth of the vertebral column is more rapid 
and greater than that of the spinaJ cord, and this results 
in traction pulllng the medulla and part of the cerebel
lum through the foramen magnum. This displacement of 
the hlndbraln downward obstructs CSF flow through the 
foramlna in the roof of the fourth ventricle. 

Hydrocephalus may occur before birth and if it is 
advanced, It could obstruct labor. lt usually ls noticed 
during the first few months of life because of the enlarging 
head, which may attain a huge size, sometimes measur-

Ing more than 30 In In diameter (Fig. 18-14). The cranial 
sutures are widely separated, and the anterior fontanelle 
Is much enlarged. The veins of the scalp are distended, 
and the eyes look downward. CN paralyses are common. 
The ventricles of the brain become markedly dilated. This 
ventricular expansion occurs largely at the expense of the 
white matter, and the neurons of the cerebral cortex are 
mostly spared. This results In the preservation of cerebral 
function, but the destruction of the tracts, especlally the 
corticobulbar and corticospinal tracts, produces a progres
sive Joss of motor function. 

l1 the condition Is diagnosed by sonography while the 
fetus Is In utero, It Is possible to perform prenatal surgery 
with the introduction of a catheter into the ventricles of 
the brain and CSF drainage Into the amniotic cavity. Should 
the diagnosis be delayed until after birth, a drainage tube 
fitted with a nonretum valve can connect the ventricles to 
the Internal jugular vein in the neck. 

Anencephaly 
In anencephaly, the greater part of the brain and the vault of 
the skull are absent (Fig. 18-15). The anomaly ls caused by 
the failure of the rostral end of the neural tube to develop 
and as a consequence, its cavity remains open. Jn place of 
the normal neural tissue are thin-walled vascular channels 
resembling the choroid plexus and masses of neural tlssue. 
Although the eyes are present, the optic nerves are absent. 
The conditlon commonly Involves the spinal cord, and the 
neural tube remains open in the cervical region. The condi
tion is commonly diagnosed before birth with sonography 
or x~ay studies. Most anencephallc infants are stillborn or 
die shortly after birth. 

Neural Defect Prevention 
The development and closure of the neural tube are nor· 
mally completed within 28 days. In practical terms, this 
means that neural tube defects have occurred before many 
women are aware that they are pregnant. 

Extensive clinical research has demonstrated that envi
ronmental and genetic factors have a Joint role in the 

Figure 18-14 Hydrocephalus. Note 1he large size of the 
head. (Courtesy Dr. G. Avery.) 



causation of neural tube defects. The Increased risk of 
neural defects in the lower socioeconomic groups suggests 
that poor nutrition may also be an important factor. More 
recent clinical research has demonstrated that the risk of 
recurrent neural defects is significantly reduced among 
women who take 4,000 mg of follc add dally compared 
with women who do not. Further studies have shown that 
a dally dose that Is 10 times lower Is effective In prevent
ing the defect. These Hndlngs have stimulated much new 
research to identify the genetic and biochemical bases of 
neural tube defects. 

Because as many as 50% of pregnancies In the United 
States are unplanned and since the neural tube closes 
before most women know that they are pregnant, physicians 
should strongly urge women capable of becoming pregnant 
to consume at least 400 mg of folic acid per day. preferably 
as a multivitamin supplement. 

Embryonic Stem Cell Treatment 
of Neurologic Diseases 
Freed et al. (2001) reported treating patlents with severe 
Parkinson disease by transplanting precursors of dopamine 
nerve cells in fragments of mesencephaJon isolated from 
human fetuses 7 to 8 weeks after conception. The results 
showed that the transplants survived and produced some 
clinical benefit in younger but not In older patients. It was 
demonstrated that the cells survived and differentiated, 
as demonstrated by positron emission tomography or by 
histologic examination (see Fig. 10..9}. ln view of the large 
numbers of patients with Parkinson disease worldwide, It Is 
unlikely that transplantation of embryonic fragments would 
be a practical therapy. 

Embryonic stem cells have the unique property of belng 
able to produce all adult cell types, Including those of the 
nervous system. The successful transplantation of embry· 
onlc stem cells has been achieved In animal models of 
Parkinson disease, motor neuron disease, and spinal cord 
Injury. The great promise of these results has stimulated 
the Imagination of scientists and patients. The use of cell 
lines derived from human embryonic stem cells, however, 
poses profound ethical questions. 

Embryonic stem cells are derived from the Inner cell 
mass of the blastocyst, the stage at which the developing 
embryo Is implanted Into the uterus. Human embryonic 
stem cells were first successfully harvested by Thomson 
et al. In 1998. The Isolated Inner cell mass cells were then 
cultured in the laboratory. Although substantial advances 
have been made in this field, enormous efforts must now be 
devoted to this subject so that we can improve the health 
of patients with chronic debilitating neurologlc diseases. 
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Figure 18·15 Example of anencephaly. Note that the 
greater part of the brain and the vault of the skull are 
absent. In the posterior view, the remainder of the brain 
is exposed. (Courtesy Dr. M. Platt.) 
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Spinal Cord 

• In early development, the neural tube dilates at the 
cephalic end to form the forebraln, mldbratn, and 
hindbratn vesicles. The rest of the tube elongates to 
form the spinal cord. 

• Matrix cells in the epithelial walls of the neural tube 
are referred to as the ventricular zone. Repeated 
divisions of the matrix cells result in Increased 
length and diameter of the neural tube. 

• Eventually, neuroblasts are formed and migrate to 
the intermediate zone to form the gray matter of the 
spinal cord. 

• The cells of the Intermediate zone grow fibers that 
extend and form a layer external to the intermediate 
zone, called the marginal zone. These fibers become 
myelinated and form the white matter of the spinal 
cord. 

• Matrix cells will also give rise to astrocytes and 
oligodendrocytes. Microglial cells migrate in from 
the mesenchyme. 

8 Clinical Problem Solving 

1. A 10-year-old boy fell off his bicycle and hurt his back. 
Following a complete physical examination in the 
emergency department, nothing abnormal ts found. 
An x-ray examination, however, reveals the complete 
absence of the spine and laminae of the fifth lumbar 
vertebra How do you explain the presence of the 
bony defe<:t? 

2. A male child is delivered normally to a 20-year-old 
woman. A pediatrician examines the infant and finds 
a large swelling in the lower part of his back over the 
fourth and fifth lumbar vertebrae. On closer exam
ination, the summit of the swelling has an oval raw 
area from. which a clear fluid Is discharging. The legs 
show hyperex:tenslon of the knees, and the feet are 
held in the position of tallpes calcaneus. What Is the 

• The layers of the meninges are formed from 
the mesenchyme that surrounds the neural 
tube. 

Brain 

• Once the neural tube closes, the three primary 
vesicles complete their development. 

• The forebrain vesicle forms the telencephalon, 
which matures into the cerebral hemisphere, basal 
ganglia, and hippocampus; and the diencephalon, 
which becomes the thalamus, hypothalamus, pineal 
body, and lnfundlbulum. 

• The midbrain vesicle forms the tectum, 
tegmentum, and crus cerebri components of 
the midbraln. 

• The hindbrain vesicle forms the metencephalon, 
which includes the pons and cerebellum, and 
the myelencephalon, which includes the medulla 
oblongata. 

diagnosis? How do you explain the congenital defect 
on the back? 

3. A 2-month-old girl Is taken to a pediatrician because 
her mother Is concerned about the size of her head. 
"She looks top-heavy," she says. Examination shows 
the head to be large and globular ln shape. The 
anterior fontanelle Is greatly enlarged and extends 
posteriorly to the enlarged posterior fontanelle. 
The enlarged head contrasts markedly with the 
small face. Neurologic examination reveals some 
evidence of optic atrophy on both sides, and tone is 
increased in the muscles of both lower limbs. What 
is the diagnosis? How do you explain this congenital 
anomaly? What Is the prognosis If the patient Is left 
untreated? 
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f) Answers and Explanations to Clinical Problem Solving 

1. This patient has spina bifida occulta involving the 
fifth lumbar vertebra. The condition is a result of 
failure of the mesenchyme to grow between the 
neural tube and the surface ectoderm and form the 
vertebral arch; the vertebral canal remains open 
posteriorly. The defect, therefore, has existed since 
before birth and could not be seen or felt on physi
cal examination because It was covered by the post
vertebral muscles. The spinal cord and spinal nerve 
roots usually are normal. No treatment 1s required. 

2. This child has a myelocele. In addition to the fail
ure of the formation of the vertebral arches of the 
fourth and fifth lumbar vertebrae, the neural tube 
failed to close in this region. The oval raw area seen 
in this patient is the neural groove whose lips have 
not united. The central canal is discharging clear 
cerebrosplnal fluid onto the skin surface. The defor
mities of the knee joints and feet are the result of 
the maldevelopment of the spinal cord in the lwnbar 
region, with consequent interference with the inner
vation of certain muscle groups In the legs. 

8 Review Questions 

Directions: Each of the numbered Items in this section 
is followed by answers. Select the ONE lettered answer 
that is CORRECT. 

1. The following statements concern the neural tube: 
(a) It is lined by stratified squamous cells. 
{b) The neuroblasts migrate medially to form the 

Intermediate .zone. 
(c) The repeated division of the matrix cells does 

not increase the length and diameter of the 
tube. 

( d) The ventricular .zone will form the gray matter 
of the spinal cord. 

( e) The nerve fibers in the marginal zone become 
myellnated and form the white matter of the 
spinal cord. 

2. The following statements concern the neural crest 
cells: 
(a) They are formed from the medial margin of the 

neural plate. 
{b) They give rise to the posterior root ganglia. 
(c) They do not form the neurons of the autonomic 

ganglia. 
(d) The Schwann cells of peripheral nerves are not 

formed from neural crest cells. 
(e) They form the cells of the suprarenal cortex. 

3. This child has hydrocephalus. A postmortem exam
ination performed 1 year later showed that the 
cerebral aqueduct was not normally developed 
and consisted of a nwnber of small tubules. This 
had resulted In the excessive accumulation of 
cerebrosplnal fluid within the lateral and third 
ventricles of the brain. The distention of the ven
tricles, with the consequent enlargement of the 
brain and Increased intracranial pressure, forced 
apart the bones of the cranial vault so that the 
head became greatly enlarged. The optic atrophy 
probably was caused by the stretching of the 
optic nerve on each side. The increased mus
cle tone of the lower limbs was almost certainly 
the result of destruction of the corticosplnal and 
other descending tracts by the expanding lateral 
ventricles. Although in some cases the head ceases 
to enlarge spontaneously, in most patients the 
hydrocephalus Is progressive, and death ultimately 
occurs. Surgical treatment of hydrocephalus may be 
attempted. 

3. The following statements concern the developing 
spinal cord: 
(a) The alar plates form the neurons in the anterior 

gray columns. 
{b) The nerve cells of the sympathetic outflow are 

not formed from the basal plates. 
(c) In the adult, the lower end of the spinal cord lies 

at the level of the lower border of the first lumbar 
vertebra. 

(d) At birth, the lower end of the spinal cord Iles at 
the level of the third sacral vertebra. 

(e) The meninges surrounding the spinal cord are 
developed from the endoderm. 

4. The following statements concern the development 
of the brainstem: 
(a) The cerebellum is formed from the dorsal part 

of the alar plates of the metencephalon. 
{b) The neurons of the deep cerebellar nuclei are 

derived from the matrix cells lining the cavity 
of the mldbraln vesicle. 

(c) The neuroblasts in the dorsal plates will form the 
nuclei of the trochlear and oculomotor nerves. 

(d) The neuroblasts of the superior and Inferior 
colliculi are also formed from the neurocytes in 
the basal plates. 

(e) The pons arises from the alar part of the meten
cephalon with cellular contributions from the 
alar part of the myelencephalon. 
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5. The following statements concern the fate of the 
forebrain vesicle: 
(a) The optic vesicle grows out of the midbrain 

vesicle. 
(b) The thalamus is formed from the alar plates in 

the medial walls of the diencephalon. 
( c) The lamina terminalis is formed from the rostral 

end of the diencephalon. 
(d) The pars nervosa of the hypophysls is formed 

from the floor of the dlencephalon. 
(e) The hypothalamic nuclei are formed from the 

basal plates of the diencephalon. 
6. The following statements concern the development 

of the cerebral hemispheres: 
(a) The corpus striatum is formed from the prolif

eration of the matrix cells lining the roof of the 
forebrain vesicle. 

(b) The interventrlcular foramen Is formed by the 
cavity of the dlencephalon. 

(c) The choroid plexus of the lateral ventricle 
is formed by vascular ectoderm covered by 
ependymal cells. 

(d) The Internal capsule Is formed by the develop
ing ascending and descending tracts growing 
between the developing thalamus and caudate 
nucleus medially and the lentlform nucleus 
laterally. 

(e) The cortical neurons develop in situ and do not 
migrate out laterally from the matrix cells lining 
the cavity of the cerebral hemisphere. 

7. The following statements concern the development 
of myelination in the brain: 
(a) Myelination begins at birth. 
(b) The sensory fibers are myellnated last. 
(c) The process of myelinatlon ls haphazard. 
( d) Myelinalion of the nerve tracts is largely com

plete by the fourth year of life. 
(e) Myelination Is carried out by oligodendrocytes 

and not by neurons. 
8. The following statements concern the condition of 

spina bifida: 
(a) It Is one of the more common congenital anom

alies of the central nervous system. 

(b) The most common form of splna blflda Is syrln
gomyelocele. 

(c) The condition occurs most often In the cervical 
and upper thoracic regions. 

(d) In a myelocele, the neural tube closes In the 
region of the defect. 

(e) Most cases of spina bifida occulta require 
explorative surgery. 

Directions: Each case history is followed by questions. 
Read the case history, then select the ONE BEST let
tered answer. 

A 6-month-old girl was seen by the plastic surgeon 
because of the presence of a swelling at the root of the 
nose. The mother said that she had noticed the swell
ing when the child was born and that since then, it had 
gradually increased in size. 

9. The surgeon examined the child and found the fol
lowing likely signs e.xcept: 
(a) The swelling was situated at the root of the 

nose In the mldline. 
(b) The swelling was located between the frontal 

and nasal bones. 
(c) The swelling was fluctuant and, on gentle pres

sure, could be reduced In size. 
( d) The swelling was pulsatile, and the pulse coin

cided with the heart rate. 
(e) The pulse did not coincide with the pulse felt 

over the anterior fontanelle of the skull. 
10. The neurosurgeon was consulted, and the follow

ing possible additional fmdings were ascertained 
except: 
(a) A lateral radlograph of the skull revealed a 

defect in the membranous bones involving the 
nasal process of the frontal bone. 

(b) The defect in the membranous bones Is known 
as cranloschlsls. 

(c) The condition was associated with a cephalic 
meningocele. 

( d) There was a herniation of the meninges through 
the defect In the skull. 

(e) Brain tissue is never found within the hernia. 

f) Answers and Explanations to Review Questions 

I. E Is correct. The nerve fibers in the marginal zone of 
the developing neural tube become myelinated and 
form the white matter of the spinal cord. A. The wall 
of the neural tube is formed of a single layer of pseu
dostratlfled columnar epithelial cells (see Fig. 18-1). 
B. The neuroblasts migrate peripherally to form the 
Intermediate zone (see Fig. 18-1). C. The repeated 
division of the matrix cells of the neural tube results 
in an increase In the length and diameter of the 
tube. D. The Intermediate zone of the neural tube 
will form the gray matter of the spinal cord. 

2. B is correct. The neural crest cells give rise to the 
posterior root ganglia (see Fig. 1-18). A. The neural 

crest cells are formed from the lateral margin of the 
neural plate (see Fig. 1-18). C. The neural crest cells 
form the neurons of the autonomic ganglia (see 
Fig.1-18). D. The Schwann cells of peripheral nerves 
are formed from neural crest cells (see Fig. 1-18). 
E. The neural crest cells form the cells of the supra
renal medulla (see Fig. 1-18). 

3. C is correct. In the adult, the lower end of the 
spinal cord lies at the level of the lower border of 
the first lumbar vertebra. A. The alar plates form 
the neurons In the posterior gray columns. B. The 
nerve cells of the sympathetic outflow are formed 
from the basal plates. D. At birth, the lower end of 



the spinal cord lies at the level of the third lumbar 
vertebra. E. The meninges of the spinal cord are 
developed from the mesenchyme that surrounds 
the neural tube. 

4. A is correct. The cerebellum is formed from the dor
sal part of the alar plates of the metencephalon (see 
Fig. l~. B. The neurons of the deep cerebellar 
nuclei are derived from the matrix cells lining the 
cavity of the hindbrain vesicle. C. The neuroblasts 
in the basal plates will form the nuclei of the troch
Iear and oculomotor nerves. D. The neuroblasts of 
the superior and inferior colliculi are formed from 
the neurocytes in the alar plates (see Fig. 18-8). 
E. The pons arises from the anterior part of the 
metencephalon, with cellular contributions from 
the alar part of the myelencephalon. 

5. D is correct. The pars nervosa of the hypophysis 
cerebri is formed from the floor of the diencepha
lon. A. The optic vesicle grows out of the forebrain 
vesicle (see Fig. 18-3). B. The thalamus is formed 
from the alar plates in the lateral walls of the dien
cephalon (see Fig. 18-10). C. The lamina terminalis 
is formed from the rostral end of the telencephalon. 
E. The hypothalamic nuclei are formed from the alar 
plates of the diencephalon. 

6. D ls correct. The internal capsule is formed by 
the developing ascending and descending tracts 
growing between the developing thalamus and 
caudate nucleus medially and the lentiform nucleus 
laterally (see Fig. 18-11). A. The corpus striatum is 
formed from the proliferation of the matrix cells 
lining the floor of the forebrain vesicle. B. The 
interventricular foramen is formed by the cavity of 
the telencephalon (see Fig. 18-11). C. The choroid 
plexus of the lateral ventricle Is formed by vascular 
mesenchyme covered by ependymal cells. E. The 
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neurons of the cerebral cortex develop from matrix 
cells lining the cavity of the cerebral hemisphere. 
These cells produce large numbers of neuroblasts 
that migrate out into the marginal zone. 

7. E is correct. In the developing brain, myellnatlon 
is carried out by oligodendrocytes and not by neu
rons. A. In the developing brain, myelination begins 
at about the sixth month of fetal life. B. In the devel
oping brain, the sensory fibers are myelinated first. 
C. Myelination of the nerve tracts is not haphazard 
but systematic, occurring in different nerve fibers 
at specific times. D. Myellnation of the nerve tracts 
is largely complete by the end of the second year. 

8. A is correct. Spina bifida is one of the more common 
congenital anomalies of the central nervous system. 
B. The most common form of spina bifida is spina 
bifida occulta (see Fig. 18-13). C. Spina bifida occurs 
most often in the lower thoracic, lumbar, and sacral 
regions. D. In a myelocele, the neural tube fails to close 
in the region of the defect (see Fig. 18-13). E. Most 
cases of splna blfida occulta require no treatment. 

9. E is the exception. In a cephalic meningocele, the 
cerebrospinal fluid (CSF) within the swelling is in 
direct communication with that in the subarachnoid 
space. The pulsation of the swelling is produced by 
the pulse wave of the cerebral arteries through the 
CSF. This pulse wave will coincide with the pulse felt 
over the anterior fontanelle of the skull. 

10. E is the exception. Cranioschisis is characterized 
by a defect in the membranous bones of the skull 
through which meninges, or meninges and neural tis
sue may protrude. The defect usually occurs in the 
midllne in the occipital region or between the frontal 
and nasal bones. The condition is probably the result 
of anomalous formation and separation of the neural 
tube from the surface ectoderm of the embryo. 





• Appendix 

NEUROANATOMICAL DATA OF 
CLINICAL SIGNIFICANCE AND 
CLINICAL NEUROANATOMY 
TECHNIQUES 
Baseline of the Skull 
The baseline of the slrull extends from the lower margin of 
the orbit backward through the upper margin of the exter
nal auditorymeatus. The cerebnnn lies entirely above the 
line. and the cerebellum lies in the posterior cranial fossa 
below the posterior third of the line (Fig. A-1). 

Faix Cerebri, Superior Sagittal Sinus, and the 
Longitudinal Cerebral Fissure Between the 
Cerebral Hemispheres 
The position of the falx. cerebrl, superior sagtttal sinus, 
and the longitudinal cerebral fissure between the cere
bral hemispheres can be indicated by passing a line over 
the vertex: of the skull in the sagittal plane that joins the 
root of the nose to the external occipital protuberance. 

Parietal Eminence 
The parietal eminence ls a ralsed area on the lateral 
surface of the parietal bone that can be felt about 2 In 
(S cm) above the auricle. It Iles close to the lower end 
of the central cerebral lulcus of the bnlD. 

Pterion 
The pterion is the point where the greater wing of the 
sphenotd bone meets the anterolnfertor angle of the 
parietal bone. Lying l~ In (4 cm) above the midpoint of 
the zygomatlc arch, It ls not marked by an eminence or a 
depression, but it is important since the anterior branches 
of the mlddle meningeal artery and. win Ile be:nealh lt 

lntracranial Hematorna Treatment 
Cranial decompression is performed in a patient with 
a history of progressive neurologtc deterioration and 
signs of brain herniation, despite adequate medical 
treatment. The presence of a hematoma should be 
confirmed by a computed tomography scan, If possible. 

Temporal Bul'1' Hole 

1. The patient ls placed In a supine position with the 
head rotated so that the side for the burr hole Is 

uppermost. For example, in a patient with a rlght
slded fixed and dilated pupil, indicating herniation 
of the right uncus with pressure on the right ocul~ 
motor nerve, a hematoma on the right side must be 
presumed, and a burr hole is placed on the right side. 

2. The temporal skin is shaved and prepared for sur
gery in the usual way. 

3. A 3-cm vertical skin incision is made two finger
breadths anterior to the tragus of the ear and three 
flngerbreadths above this level (Flg. A-2A). 

4. The following structures are then incised: 
a. SkJn. 
b. Superficial fascia containing small branches of the 

superficial temporal artery. 
c. Deep fascia covering the outer surface of the tem

poralis muscle. 
d. The temporalis muscle is then incised vertically 

down to the periosteum of the squamous part of 
the temporal bone. 

e. The temporalis muscle is elevated from its attach
ment to the skull, and a retractor is positioned 
(some muscular bleeding will be encountered). 

f. A small hole Is then drilled through the outer 
and Inner tables of the skull at right angles to the 
skull surface, and the hole Is enlarged with a burr 
(unless a blood clot ls present between the inner 
table and the endosteal layer of dura). 

g. The white meningeal layer of dura Is flexible and 
slightly compresses with gentle pressure. 

h. The hole may be enlarged with a curette, and 
bleeding from the diploe may be controlled with 
bone wax. 

The surgical wound Is closed in layers with interrupted 
sutures placed in the temporalts muscle, the deep fas
cia covering the temporalls muscle, and the scalp. 

Epidural Hematorna Bun' Hole 

Once the inner table of the squamous part of the tem
poral bone (or the anterior inferior angle of the parietal 
bone) is pierced with a small bit and enlarged with a 
burr, the dark red clotted blood beneath the endosteal 
layer of dura is usually easily recognized. However, 
bright red liquid blood means that the middle menin
geal artery or one of its branches is bleeding. The men
ingeal artery is located deep to the clot and between 
the endosteal layer of dura and the meningeal layer of 
dura or In the substance of the endosteal layer of dura; 
or It may lie ln a tunnel of bone. 
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Figure A-1 Surface landmarks on the right side of the head. The relation of the middle 
meningeal artery and the brain to the surface of the skull is shown. 

Subdural Hematoma Burr Hole 

When the squamous part of the temporal bone is pene
trated, as described earlier, the endosteal layer of dura 
will be exposed. In this case, there ls no blood clot 
between the endosteal layer of dura and the meningeal 
layer of dura, but both fused layers of dura will be dark 
bluish. The dura (endosteal and meningeal layers) is gen
tly incised to enter the space between the meningeal layer 
of dura and the arachnoid mater. The subdural blood 
usually gushes out, leaving the unprotected. brain covered 
only by arachnoid and pta mater In the depths of the hole. 

Ventriculostomy 
Ventriculostomy is indicated in acute hydrocephalus, in 
which cerebrospinal fluid flow is suddenly obstructed. 

Anatomy of the Technique 

To perfonn a venttlculostomy, the needle ts Inserted Into 
the lateral ventricle through either a frontal or parietal 
burr hole. The anatomy of these burr holes has been 
described previously. The needle ls Inserted through the 
burr hole using the following anatomical landmarks. 

1. Frontal Approach. The needle Is Inserted through 
the frontal burr hole and ts directed downward and 
forward In the direction of the inner canthus of the 
ipsilateral eye (Fig. A-3). 

2. Parietal. Approach. The needle Is Inserted through the 
parietal burr hole and ls dlre<::ted downward and for
ward in the dlre<::tion of the pupil of the lpsllateral eye. 

The needle is Inserted to a depth of about 2 In (5.5 cm) 
from the skull opening; In cases of chronic hydrocepha
lus with gross dilatation of the ventricles, the depth of 
penetration to the ventricular cavity may be much less. 

Vertebral Numbers and Spinal Cord Segments 
Table A-1 relates which vertebral body ts related to a 
particular spinal cord segment. 

Segmental Innervation of Muscles 
Test for the integrity of the segmental innervation of 
muscles by performing the following simple muscle 
refiexes. 

Biceps brachll tendon reflex C5-C6 (flexion of the 
elbow joint by tapping the biceps tendon). 

Triceps tendon reflex CfH:7 and C8 (extension of the 
elbow joint by tapping the triceps tendon). 

Bracbloradlalls tendon reflex C5-C6 and C7 (supina
tton of the radtoulnar joints by tapping the Insertion 
of the brachloradtalls tendon). 

Abdominal nperftdal reflexes (contraction of under
lying abdominal muscles by stroking the skln). Upper 
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Figure A:-2 A: Surface landmarks for a temporal burr hole. B: The vertical incision 
passes through the temporalis muscle down to bone. The middle meningeal arteiy lies 
between the endosteal and meningeal layers of dura and is embedded in the endosteal 
layer of dura or lies in a bony tunnel. 
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abdominal skin T~ T7; middle abdominal skin T8-T9; 
lower abdominal skln T10-T12. 

Pale1lar tendon re.Bex (knee Jerk) L2, 1..3, and IA ( exten
sion of knee joint on tapping the patellar tendon). 

Achille. tendon reflex (ankle jerk) SI and S2 (plantar 
flexion of ankle joint on tapping the Achlltes ten
don-tendo calcaneus ). 

Relationship Between Possible lntervertebral 
Disc: Herniations and Spinal Nerve Roots 
These are shown for the cervical and lumbar regions in 
FlgureA-4. 

A correlation between the nerve roots involved, the 
pain dermatome, the muscle weakness, and the missing 
or diminished reflex ls shown In Table A-2. 

TableA-1 Correlation of Vertebral Body 
With Spinal Cord Segment 

Cer1ical vertebrae Add 1 

Upper U,oracic vertebrae Add 2 

Lower thoracic vertebrae (7-9) Add 3 

Tenth thoracic: vertebra ----r!!:-L2 cord segments 

Eleventh thoracic vertebra ll3=-L4 cord segments 

Twelfth thoracic vertebra 1.cord segment 
First lumbar vertebra cral and coccygeal 

cord segments 

Figure A-3 Ventriculostomy. Needles passing 
through frontal or parietal burr holes to enter the 
lateral ventricle area are shown. The needle is 
inserted to a depth of about 2 in (5.5 cm) from the 
skull opening in order to enter the lateral ventricle. 

Surface Landmarks for Performing 
a Lumbar Puncture 
To perform a lumbar puncture, the patient is placed in the 
lateral prone position or in the upright sitting position. 
The trunk is then bent well forward to open up to the max
imum, the space between adjoining laminae in the lumbar 
region. A groove runs down the middle of the back over 
the tips of the spines of the thoracic and the upper four 
lwnbar vertebrae. The spines are made more prominent 
when the vertebral column is flexed. An imaginary line 
joining the highest points on the lllac crests passes over 
the fowth lumbar spine. With a careful aseptic teclmique 
and under local anesthesia, the spinal tap needle-fitted 
with a stylet-is passed into the vertebral canal above or 
below the fourth lumbar spine. 

The following structures are pierced by the needle 
before it enters the subarachnoid space (Fig. A-5): 

1. Skln 
2. Superficial fascia 
3. Supraspinous ligament 
4. lnterspinous ligament 
5. Ligamentum flavum 
6. Areolar tissue containing the internal vertebral venous 

plexus in the epidural space 
7. Dura mater 
8. Arachnoid mater 

The depth to which the needle will have to pass will 
vary from an inch or less in children to as much as 4 in 
(10 cm) in obese adults. 

The preaure of the cerebrospinal fluid in the lateral 
recumbent position is normally about 60 to 150 mm of 
water. 

See Table 16-1 for physical characteristics and com
position of the cerebrospinal fluid. 
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Figure A-4 A,B: Posterior views of vertebral bodies 
in the cervical and lumbar regions showing the rela
tionship that might exist between herniated nucleus 
pulposus {pink} and spinal nerve roots. Note that 1here 
are eight cervical nerves and only seven cervical verte
brae. In 1he lumbar region, for example, the emerging 
L4 nerve roots pass out laterally close to the pedic:les 
of the fourth lumbar vertebra and are not related to 
the intervertebrsl disc between 1he fourth and the fifth 
lumbar vertebrae. Pressure on the LS motor nerve root 
produces weakness of plantar flexion of the ankle joint. 

Correlation Between Nerve Roots, Pain Dermatome, Muscle Weakness, and Missing or 
Diminished Reflex 

Lower lateral aspect of Deltoid and biceps Shoulder abduction, Biceps 
upper arm elbow flexion 

Lateral aspect of forearm Extensor carpi radialis Wrist extensors Brachioradialis 
longus and brevis 

Middle finger I Triceps and flexor carpi I Extension of elbow and Triceps 
radialis flexion of wrist 

Medial aspect of forearm I Flexor digitorum Finger flexion None 
superficialis and profundus 

Groin lliopsoas Hipflexion Cremaster 

Anterior aspect of thigh I mopsoas, sartorius, hip Hip flexion, hip adduction Cremaster 
adductors 

Medial aspect of knee I mopsoas, sartorius, Hip flexion, knee Patellar 
......_9Uadriceps, hip adductors extension, hip adduction 

Medial aspect of c:alf Tibialis anterior, quadriceps Foot inversion, knee Patellar 
extension 

Lateral part of lower Extensor halluds longus, Toe extension, ankle None 
leg and dorsum of foot extensor digitorum longus dorsiflexion 

Lateral edge of foot - Gastrocnemius, soleus Ankle plantar flexion Ankle jerk 

Posterior part of thigh Flexor digitorum longus, Ankle plantar flexion, None 
flexor hallucis longus toeflexion 
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Figure A-S k Structures penetrated by the spinal tap needle before it reaches the dura mater. 
B: Important anatomic landmarks when performing a spinal tap. Although this is usually performed 
with the patient in a lateral recumbent position with the vertebral column well flexed, the patient 
may be placed in the sitting position and bent well forward. 
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P111e numben followed by •r lndJcate figures. Pqe numbe~ foUowed by •r lndJcate tables. 

A 
AJ>domina! aortic aneurysm, 479 
Abdomlnal superflcl&I rdlses, 100, 508-010 
Abdominal systemic arteries, effect of 

uitonomlc ')'Stem on, 397t 
Abducena nerve, 204-205, 335, 3361, 351 

course, 336(. 337 
dlstrlbutton, 336f 
nucleus,335,336f 
nucleus of, 205 

Abnormal Involuntary movements, 369 
Al>•olute relractory period, 45 
Accessory nerves, 204, 345, 353 

cran1al root, 345, 3461 
dlstrlbutton of, 347f 
function, 325r 
spinal root, 345-346, 346' 

Accessory nuclem, 138 
Accommoc!Ufon reflex, 406 
Acetylchollne (ACh), 54, 63, 94, 115, 301, 388, 

392-393 
gated channel•, 96 

Acetylcholioesterase (AChE), 53f, 54, 96, 115 
Achilles tendon reflez, 101, 510 
Action potential (AP), 44-45 
Acute esophagttl&, 410 
Acute labyrtnthltis, 353 
Adenoalne trlphosphate (ATP), 394 
Adie tonic pupil tyndrome, 408 
Adiposogeoital dystrophy syndrome, 267 
Adrenerglc: endin,a, 393 
Aclrenergic receptor bJoc:b.de, 394 
Adult skull, 20 
Afferent cerebellar pathways 

anterior aplnocerebellar tract, 237-238, 238t 
from cerebral cortex, 236-237, 236(, 238r 
cerebJ'O.Ollvocerebellar pathway, 236, 238r 
cerebroredculocerebellar pathway, 

236-237, 2381 
corttcopontocerebellar pat.h-y. 236, 238t 
cuneocerebellar tract, 238, 238t 
posterior aplnoc:erebellar tract, 238, 238t 
from splnaJ cord, 237-238, 2371, 238t 
from wstlbular nerve, 238, 238t 

AfferentBbers,12,81,234 
Afferent nerve flbera, 312, 376-377, 3781, 378t 

3881, 390 
Agranular type ol corteK, 283 
Agraphia, 291 
Alu plate, 489-490 
Albuterol, 393 
Alcoholic headache, 429 
Alexia, 291 
Alpha (a) receptora, 393 
Alpha rhythm, 292 
Alveolar arch, 187 
Alveolar process, 187 
Alveus, 263, 303, 303f, 440 
Alzheimer dlaeue, 269-272 

choflne.teru e Inhibitors for, 272 
diagnosis of, 272 
signs for, 272 

Amygdalohypotbalaml.c flben, 376 

Amyg«Wold complez. deatruction, 306 
AmygdaJoid nucleus, 261, 303, 311-312, 31 If, 

440 
Amyotropblc lateral 1clerosJs (Lou Gebri1 

disease), 171 
Anal canal lnwluntary Internal sphincter, 

effect of autonomic l)'ftem on, 397t 
402, 403/' 

Analgesic system, 146 
AnencephaJy,500, SOlt 
Angular gyru1, leaJ0119 of, 291 
Ankle jerk, 101 
Annulus f1bros111, 135 
Anorexia nervoaa, 373 
ANS. See Autonomic nervous system 
Ansa lenttcularls, 314 
Anterior ascendin, ramus, 256 
Anterior cerebral artery, 255, 465 

occlusion o f, 472 
Anterior cerebral vein, -470 
Anterior cllnold proceu, 192 
Anterior cochlear nuclei, 203, 207 
Anterior columns of fornlx, 254, 439 
Anterior commlNure, 254, 262, 498 
Antenor commuolcaUng artery, 465 
Anterior cord syndrome, 168, 169/ 
Anterior corttcosplnal tract, 155 
Anterior cranJal to.ea, 191-192 
Anterior external arcuate fibers, 196, 203 
Anterior fontanelle, 191 
Anterior fray column,.(, 138-139 
Anterior rray conunissure, 141 
Anterior horizontal ram.us, 256 
Anterior born of ventrtclea, 436, 439 

floor of, 439 
medial wall of, 439 
roof of,439 

Anterior Inferior cerebellar artery, 468 
Anterior intercaveroous sinuses, 424 
Anterior lobes of cerebellum, 229 
Anterior loiqlltudin&I ligament, 135 
Anterior median fissure of spinal cord, 196, 

489,4891 
Anterior nerve cell groups, 138-139 
Antenor neuropore, 15 
Anterior or motor roots, 4 
Anterior pituitary hormone, 380r 
Anterior radicular artery, 472 
Anterior ramu1, 13 
Anterior root, 12, 80 
Anterior apJnal artery, 466, 472 
Anterior aplnocerebellar tract, 149, 204, 208 
Anterior spinotb.alamic tract, 146-147, 204 

Injury, 163 
Anterior temporal cortex, 289 
Anterior thalamlc nuclei, 365 
Anterior white column, 4 
Anterior white matter, 141 
Anterograde amneai., 305 
Anterograde tranaport, 49 

fut, -49 
alow,49 

Anticholine.terues, 115 

Aortic arch reftaes, 406 
Appendtcular palo. 410 
Arachnoid granulatioM, 424(, 425, 450, 4511 
Arachnoid m.ater, 4 

brain, 419f-420f. 4221. 4W-425f, 425 
11pJnal cord, 426, 4261 

Arachnoid vlJU, 422, 425 
Arborvitae, 231, 234 
Arcuate eminence, 194 
Area po1trema, 446 
Area veslibuli, 205 
Argyl Robertson pupil, 408 
Arnold~hiarl phenomenon, 215, 215f, 500 
Arrector pW muscle, effect of Alltonomlc 

system OD, 397t 
Arterial lumen blocbJe, dlseasea resulting 

ln,473-474 
Arterial wall disease, 473 
Arteries of braJo, 464-469 

anterior cerebral artery, 465 
aoterior communic.a.ting artery, 465 
anterior Inferior cerebellar artery, 468 
anterior aplnal artery, 466 
bullu artery, 466-468 
central branches, 465, 468 
cerebral arteriu 

areu 1upplled by, 467f 
nerve supply of, 468-469 

chorolclal artery, 464-465 
circle of WUU., 4&t, 468 
cortical b ranches, 465, 468 
ol lnfertor surface of braln, 466f 
Internal carotid artery, 4.64-465, 46Sf 
labyrinthine artery, 467 
meduUuy arteries, 467 
meningeal branches, 466 
mldcUe cerebral artery, 465, 468f 

ophthalmic artery, 464 
ponttne arteries, 467 
poeterlor cerebral artery, 468 
poeterior communlcattns artery, 464 
posterior Inferior cerebellar artery, 466 
posterior splnaJ artery, 466 
to specific brain areu, 468 
superior cerebellar artery, 468 
vertebral artery, 466-468 

Artlc~proc:es1es,l6, 133-135,134f 
Articular tubercle, 191 
Ascending pathways, 150-151 
Ascending tract., 142-152 

anatomical organization, 142-152 
development of, 497 
funcUons 

ucendtns pathwayl, 150-151 
light touch and pressure pathways, 1431, 

146-147, 147f 
muscle Joint senae pathways, 143t 

147-150, 149t 
pain control, 146 
painful .nd thermal sematlom, 1-42-145, 

143t 
perception of pain, 14!>-146 
visceral 1eosory tracts, 149t, 151-152 
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Association cortex, 287-289 
Association fibers, 264 
Astereognosis, 291 
Astrocytes, 488 

fibrous, 55 
functions, 55-58 
as phagocytes, 57 
processes of, 55 
protoplasmic, 55 
role In blood-brain barrier, 58 
storing of glycogen, 57 

Ataxia, 241 
Atherosclerotlc parklnsonlsm, 317 
Athetosis, 117, 167, 318 
Atlanto-axlal joints, 135 
Atlanta-occipital joints, 135 
Atonic bladder, 407 
ATP. See Adenoslne trlphosphate 
Atrophy, 267 
Atropine, 63, 115, 394 
Atropine methylnitrate, 457 
Auditory afferents, 376 
Auditory tube, 191 
Automatic reflex bladder, 407 
Autonomic ganglia, 15, 81 
Autonomic ganglion, 390-391, 39lf 
Autonomic nerve plexuses, 390 
Autonomic nervous system (ANS), 2, 83, 

387-410, 397t 
adrenergic receptor blockade, 394 
autonomic ganglia, 390-391, 39lf 
causalgia, 410 
chollnerglc receptor blockade, 394 
diseases to, 408 

Adie tonic pupil syndrome, 408 
Argyll Robertson pupll, 408 
caused by anticholinesterase agents, 409 
caused by black widow spider venom, 

408 
caused by botulinum toxin, 408 
diabetes mellltus, 408 
Frey syndrome, 408 
Hlrschsprung disease, 408 
Horner syndrome, 408 

enteric nervous system, 394-395 
fast synaptic potentials, 392, 392f 
functions, 395 
ganglion-blocking agents, 392-393 
ganglion-stimulating agents, 392 
higher control, 394, 394f 
Inhibitory synaptic potentials, 392, 392/ 
injuries to, 406 

defecation, 407 
degeneration of autonomic nerves, 407 
ejaculation, 408 
erection, 407 
parasympathetic, 407 
regeneration of autonomic nerves, 407 
sympathetic,406-407 
urinary bladder dysfunction, 407 

innervations, 396-405, 3971 
large autonomic plexuses, 390 
organization, 387-390 

parasympathetic part, 389f, 390 
sympathetic part, 388-390, 389( 

parasympathetic, 2 
physiologic reflexes, 406 
postganglionic nerve endings, 393 
postgangllonlc transmitters, 393-394, 3931 
pregangllonlc transmitters, 391(, 392, 392( 
referred visceral pain, 409--410, 409f 

appendlcular pain, 410 
cardiac pain, 410 
gallbladder pain, 410 
stomach pain, 410 

slow synaptic potentials, 392, 392f 
sympathectomy 

hypertension, 409 

Intermittent claudlcatlon, 409 
Raynaud disease, 409 

sympathetic, 2 
sympathetic vs. parasympathetic systems, 

395--396,396t 
Autonomic plexuses, 387 
Autonomous bladder, 407 
Axolemma, 48 
Axonal reaction and axonal degeneration, 62 
Axon hillock, 38, 48 
Axonotmesls, 109 
Axons, 2, 33, 48 

initial segment of, 48 
regeneration of, 108 
terminals of, 48 

Axon transport, 49 
Axoplasm, 48 

B 
Babinski sign, 166 
Bacterial toxins, 115 
Bainbridge right atrial reflex, 406 
Band fiber, 106 
Bands of Balllarger, 281 
Barr body, 38 
Basal nuclei (basal ganglia), 10, 260-262, 

310-318, 3llf-3121, 314f 
amygdalold nucleus, 3II-312, 3llf 
caudate nucleus, 311, 312( 
claustrum, 311, 311f, 312 
corpus strlatum, 310-311, 311/ 

afferent fibers, 312 
brainstem striatal fibers, 3131, 314 
caudate nucleus, 311, 312f 
connections, 312 
cortlcostrlate fibers, 312, 3131 
efferent fibers, 313f, 314 
and globus pallidus, 312, 313{, 314 
lentlform nucleus, 311, 312f 
nigrostriate fibers, 3131, 314 
strlatonlgral fibers, 313(, 314 
strlatopallldal fibers, 313(, 314 
thalamostriate fibers, 3131, 314 

disorders of, 267, 315 
functions,314-315,314' 
globus pallldus 

afferent fibers, 313f, 314 
connections, 312, 315 
efferent fibers, 314 
pallidofugal fibers, 314 
striatopallidal fibers, 313(, 314 

lentlform nucleus,corpus strlatum, 311, 3121 
terminology used to describe, 310, 3101 

Basal plates, 488, 490 
Basal vein, 4 70 
Baseline of skull, 507 
Basilar artery, 466-468 
Basilar groove, 204 
Basis peduncull, 154, 325 
Basket cell, 231 
Basolateral group, 303 
Bell palsy, 352 
Benedikt syndrome, 217, 2181 
Benign fibroma, 112 
Benzoqulnonlum, 115 
Beta (~) receptors, 393 
Beta rhythm, 292 
Betz cells, 279, 282, 284 
Biceps brachii tendon reflex, 100, 508 
Bilateral anosmla, 349 
Bilateral spastic paralysis, 170 
Biliary ducts, effect of autonomic system on, 

397t, 401 
Binocular vision neurons, 327-328, 3281 
Biological clocks, reticular formation 

influence on, 301 
Bipolar neurons, 34, 327 
Bltemporal hemlanopla, 349, 350f 

Blood-brain barrier (BBB) 
brain trauma and, 457 
drugs and, 457 
In fetus and newborn, 457 
functional significance, 455 
in molecular terms, 453 
permeablllty of, 452 
structure of, 452-454, 4531 
tumors and, 457 

Blood capillary of central nervous system 
(CNS), 453-454, 4531 

Blood-<:erebrosplnal fluid barrier, 454 
functional significance, 455 
structure of, 454 

Blood pressure 
blood viscosity, change in, 473 
carotid sinus syndrome, 473 
heart disease, 473 
physical shock, 4 73 
postural hypotenslon, 473 
psychological shock, 473 

Blood supply to brain 
arteries, 464-469 
capillaries, 470 
cerebral circulation, 4 70-4 71 
veins, 469-470 

Blood supply to spinal cord, 4 71-4 72 
Blood viscosity changes, 4 73 
Brachia! plexus, 13, 83f, 11 lt 
Brachloradlalls tendon reflex, 100, 508 
Bradykinin, 145 
Braln,4-11, 7~ 

arteries of, 464-469 
blood flow to, 470-471 

Impairment of, 473-474 
capillaries, 470 
cerebrosplnal fluid-brain Interface, 

454-455,455( 
computed tomography (CT) of, 24f, 270f 
coronal section of, 263/ 
fetus with, Sf 
forebraln, 9--10 

cerebrum, 9-10 
diencephalon, 9-10 

hlndbraln, 4-9 
cerebellum, 5 
medulla oblongata, 5 
pons, 5 

inferior view of, 259f 
magnetic resonance Imaging (MRI) of, 25f, 

27lf 
median sagittal section of, 9f 
meninges, 418-425 

arachnoid mater, 419f-420f, 422f, 
424/-425{, 425 

dura mater, 418-420, 419f-424f, 422-424 
pia mater, 4191, 425 

mldbraln, 9 
primary divisions of developing, 15t 
structure, 10 
veins of, 469-470 
ventricular cavities of, 26lf 
vesicles, 15 

Brain development 
cerebellum (posterior part of 

metencephalon). 492-494 
cerebral cortex, 497-498 
cerebral hemispheres, 496-497 
commlssures, 498 
diencephalon, 495--496 
forebraln (prosencephalon), 494-495 
medulla oblongata, 490-492 
mldbraln (mesencephalon), 492 
myelinatlon, In central nervous system, 498 
pons (ventral part of metencephalon), 492 
telencephalon, 496 
vesicles, 490, 49lt 

Brain injuries, 21-22 



Brain lacerations, 21 
Brain sand, 253 
Brainstem, 4 

Arnold-{;hiari phenomenon, 215, 215f 
cranial nerve nuclei, 204f 
cranial nerve nuclei in, 214f 
functions of, 195 
level inferior to pons, 204 
medulla oblongata, 4-5, 9, 194, 196--204, 

197f, 199t 
clinical significance of, 215 
cuneate nucleus, 197 
cuneate tubercle, 197 
decussation of lemnisci, 199, 1991, 201f 
decussation of pyramids, 198-199, 1~ 20lf 
floor of fourth ventricle, 197 
gracile nucleus, 197 
Internal structure, 197-204 
just inferior to pons, 1991, 203 
lateral medullary syndrome of 

Wallenberg, 215 
medial medullary syndrome, 215, 216f 
olives, 196, 199-203, 199t, 202f 
posterior cranial fossa, raised pressure 

of, 215 
posterior median sulcus, 197 
reticular formation, 204 
vascular disorders, 215 

midbrain 
Benedikt syndrome, 217, 2181 
cerebral aqueduct blockage In, 217 
clinical significance of, 217 
trauma of, 217 
vascular lesions, 217 
Weber syndrome, 217, 2181 

nucleus amblguus, 203 
olivary nuclear complex, 199 
pons, 5, 9, 194 

anterior surface of, 204, 205f 
astrocytoma of, 216 
caudal part, 205-207, 206f 
clinical significance of, 215-217 
Infarctions of, 217 
Internal structure of, 205-209, 206f-208f 
level inferior to, 204 
posterior surface of, 205 
tumors of, 216--217 

posterior view, 196f 
Bralnstem strlatal fibers, 313f, 314 
Branchiomotor nerve fiber, 325 
Branchlomotor nuclei, 325 
Broca speech area, 284-285 

lesions of, 290--291 
Brown-S~quard syndrome (cord 

hemisection), 169f-l 70f, 170 

c 
Calcar avis, 439 
Calcarine sulcus, 256, 259, 439 
Callosal sulcus, 259 
Caloric tests, 353 
Capillaries of brain, 470 
Capsular cells, 81 
Carbachol, 115 
Carbamylcholine, 97 
Cardiac pain, 410 
Carotid canal, 191, 194 
Carotid sinus reflexes, 406 
Carotid sinus syndrome, 4 73 
Catecholamines, 54 
Cauda equlna, 13, 447, 490 
Caudal anesthesia, 20 
Caudate nucleus, 10, 261, 439 

corpus strlatum, 311, 312f 
tail of, 440 

Causalgia, 410 
Cauterization, thalamic surgical relief of pain 

by,369 

Cavernous sinuses, 424 
Cavity of fourth ventricle, 196 
Cellac plexus, 389 
Cell body, 33 
Cell coat, 43 
Cells of Martinotti, 280, 282 
Cells of suprarenal medulla, 15 
Cell transport, 43 
Central branches, 465, 468 
Central canal, 4, 9, 141, 196, 436, 447, 489 
Central cord syndrome, 168-170, 169f 
Central gray matter, 210 
Central nervous system (CNS), 1, 73, 79 

apparent recovecy of, 112-113 
blood capillary of, 453--454, 453f 
brain, 1 
interior, 2 
major dlvlsloDJJ, 2-11, 21, 4t 
myelination of, 498 
neurons, 1 
pain control In, 146 
regeneration of axons, 108 
relationship between ollgodendrocyte and 

myelinated nerve fibers, 74f 
spinal cord, 1. See also spinal cord 

Central sulcus, 256 
Centrioles, 43 
Cerebellar cortex, 9, 231-233, 2311, 233(, 494 

afferent tracts 
from cerebral cortex, 236--237 
from spinal cord, 237-238 
from vestibular nerve, 2371, 238, 238t 

cellular organization of, 232f 
cerebellar efferent fibers, 239f 

dentothalamic pathway, 239-240, 2401 
fastlgial reticular pathway, 240, 240t 
fastigial vestibular pathway, 240, 2401 
globose-em boliform-rubral pathway, 

239, 240t 
degeneration of, 267 
functional unit of, 235 
granular layer of cortex, 231, 233 
molecular layer of cortex, 231 
Purklnje cell layer of cortex, 231-232 

Cerebellar efferent fibers, 239f 
dentothalamlc pathway, 239-240, 240t 
fastigial reticular pathway, 240, 240t 
fastigial vestibular pathway, 240, 2401 
globose-embollform-rubral pathway, 239, 

2401 
Cerebellar hemisphere syndrome, 243 
Cerebellar peduncles, 229, 235, 235f 

decussation of, 210, 239, 239f 
Inferior, 9, 196, 203 
middle, 9, 204 
superior, 9, 205 

decussatlon of, 210, 239, 239f 
Cerebelli, 195 
Cerebellomedullary cistern, 447 
Cerebellum, 5, 194, 204, 507 

arteries of, 468 
cerebellar cortical mechanisms, 234-235 
cerebellar cortical neurotransmitters, 

235 
cerebellar peduncles, 229, 235, 235/ 
diseases involving 

cerebellar syndromes, 243 
common, 243 
gait, postural changes and alteration of, 

241 
ocular movement dis burtances, 242 
reflexes, 242 
signs and symptoms of, 241-243 

functional areas, 233, 234f 
functions of, 240 
gross appearance, 229-231, 230f 
Intermediate zone of cerebellar 

hemisphere, 233 
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lntracerebellar nuclei of, 233-234 
nuclear mechanism of, 235 

lobes of 
anterior, 229 
flocculonodular, 229 
middle, 229 

structures 
cerebellar cortex, 231-233, 231f, 233/ 
cerebellar hemispheres, 229 
functional areas, 233 
gray matter of cortex, 231 
lntracerebellar nuclei, 233-234 
white matter, 234 

veins of, 470 
Cerebral aneurysms, 474 
Cerebral angiography, 474-479, 475/-4781 
Cerebral aqueduct (aqueduct of Sylvlus), 9, 

209,254,436,490,494,494( 
Cerebral aqueduct of midbraln, 331, 332/ 
Cerebral artery, 466f-467/ 

anterior, 465 
atheromatous degeneration of, 4 73 
middle,465 
syndromes, 4 72 

Cerebral circulation, 470-471 
impairment of cerebral blood flow, 

473-474 
interrruption, 4 72-4 73 

Cerebral commissures, 267-268 
Cerebral cortex 

afferent cerebellar pathways of, 236--237, 
236f, 238r 

anatomical connections of, 2841 
cerebral dominance, 289-292 
cortical mechanisms, 283 
development of, 497-498, 497f 
function of, 290 
lesions, 290-291 
neuronal connections of, 281f 
structure 

cortical structure variations, 282-283 
layers,281-282,282f 
nerve cells, 279-280 
nerve fibers, 280-281 

types of neurons In, 280/ 
Cerebral cortical potentials, 292 
Cerebral damage, 291-292 
Cerebral dominance, 289-292 
Cerebral edema, 64 
Cerebral hemisphere lobes 

inferior surface, 259-260 
medial surface, 259-260 
superolateral surface, 258-259 

Cerebral hemispheres, 231, 255-256, 
255f-257f, 492 

amygdalold nucleus, 261 
association fibers, 264 
basal nuclei (basal ganglia), 260-262 
claustrum, 262 
commlssure fibers, 262-264 
corpus striatum, 261 
development of, 495/-496(, 496-497 
Internal structure of, 260-266 
lateral ventricles, 260 
lateral view, 257/-2581 
medial view, 257/ 
projection fibers, 264-265 
tela choroldea, 265 
venous drainage of, 469( 
white matter, 260, 262-265 

Cerebral hemorrhage, 22, 429, 474 
Cerebral ischemia, 472 
Cerebral peduncles, 209-210, 210f 

crus cerebri of, 1 lf 
decussation of, 210 
superior,9,205,208 

decussation of, 210, 239, 239f 
tegmentum of, 255 
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Cerebrospinal fluid (CSF), 1, 3f, 4, 9, 16, 436, 
4371, 490 

absorption of, 450 
around optic nerve, 452f 
circulation of, 449-450, 450f 

blockage of, 456 
clinical measurement of, 456 
in disease, pressure/composition, 456-457 
expulsion of, 23 
formation of, 448-449, 449f 

excessive, 456 
functions of, 448, 449t 
glucose level In, 449, 456 
physical characteristics and composition, 

448t 
pressure, 20, 22 

Cerebrospinal fluid-brain interface, 454-455, 
455/ 

Cerebrum,9-10,507 
cerebral hemisphere lobes 

inferior surface, 259-260 
medial surface, 259--260 
superolateral surface, 258-259 

cerebral hemispheres, 255-256, 255f-257/ 
amygdalold nucleus, 261 
association fibers, 264 
basalnuclei(basalganglia),260--262 
claustrum, 262 
commissure fibers, 262-264 
corpus striatum, 261 
Internal structure of, 260--266 
lateral ventricles, 260 
lateral view, 257f-258f 
medial view, 257f 
projection fibers, 264-265 
tela choroldea, 265 
white matter, 260, 262-265 

dlencephalon 
actual superior wall of, 250 
epithalamus, 253--254 
grossfeatures,249-250 
hypothalamic relations, 254 
hypothalamus,250,254 
Inferior surface of, 251(, 254 
lateral surface of, 250 
mammlllary bodies, 254-255 
medial surface of, 250, 251f 
optic chiasma, 254 
subthalamus, 253 
superior surface of, 249--250 
thalamus,249-253,2521 
third ventricle, 254-255 
tuber cinereum, 254 

subdivisions, 249 
sulci of 

calcarlne sulcus, 256 
central sulcus, 256 
lateral sulcus, 256 
parieto-occlpltal sulcus, 256 

Cervical disc herniations, 17-18 
Cervical enlargement, 490 
Cervical nerves, 12 
Cervical plexus, 13 
Cervical rib, 408 
Cervical vertebrae, 12 
Chemical synapses, 51-52 
Chemoreceptors,84 
Chloramphenicol, 457 
Cholinerglc receptors, 393 

blockade of, 394 
Cholinesterases, 115 
Chorea, 167, 315 
Choreiform movements, 117, 315 
Choroldal artery, 464-465 
Choroldal branch, 468 

of internal carotid, 265 
Choroldal epithelial cells, 60 
Choroidal fissure, 439 

Choroldea of third ventricle, 250 
Choroid plexus, 439, 442f, 492 

blood supply to, 441-443, 468 
from posterior inferior cerebellar 

arteries, 447 
function of, 440, 449 
of lateral ventricles, 440, 496 
of rhomboid fossa (floor), 447 
of third ventricle, 250, 441-443, 495 

calcification of, 267 
Choroid vein, 470 
Chromatolysis, 39, 106-107 
Chromophobe adenoma, 267 
Cingulate gyros, 259 
Cingulum, 264 
Circle of Willis, 464, 468, 4 701 
Circumferential blindness, 349, 350/ 
Claustrum, 262, 311, 31 lf, 312 
Climbing fibers, 234 
Clostridium botulinum, 115 
CNs. See Cranial nerves 
Coccygealnerve, 12 
Cochlear nerve, 340--341, 340f 

descending auditory pathways, 341 
disturbances, 353 
nuclei, 340f, 341 

Cochlear nuclei, 203, 207 
Codeine, 164 
Collateral eminence, 442 
Collateral fissure, 442 
Collateral sulcus, 259-260 
Colllculus faclalls, 335, 336f, 338 
Colon, effect of autonomic system on, 397t, 

400--401, 401' 
Coma, 292 
Commissure fibers, 262-264 
Commissures 

anterior, 254, 262, 498 
anterior gray, 141 
cerebral,267-268 
development of, 498 
of fornb:, 264 
gray,4, 141,447 
habenular,253--254,264 
posterlor,253-254,263 
posterior gray, 141 

Communicating hydrocephalus, 456 
Competitive blocking agents, 97 
Compression of spinal cord 

clinical signs, 167 
extradural causes, 167 

Computed tomography (CT), 23, 429 
cerebral ventricles, clinical Investigation 

of, 456 
of cerebrovascular disease, 474 
structure of brain, 24f 

Conduction velocity of nerve fiber, 46, 
46t 

Cones,visual system, 327 
Congenital anomalies 

anencephaly, 500, 50lt 
hydrocephalus,500,500f 
neural tube defects, 500-501 
spina bifida, 498-500 

Consciousness, 292 
loss of, 306 
somatosensory pathways to, 143t 

Consensual light reflexes, 406 
Constrictor puplllae muscle, 329--330 
Contralateral homonymous hemianopla, 349, 

350( 
Contrecoup injury, 22 
Conus medullaris, 4 
Convolutions, 497 
Cord transection syndrome, complete, 168, 

169( 
Coronal suture, 187, 190 
Coronaradlata, 10, 146, 149, 154, 264, 325 

Corpus callosum, 10, 255, 259, 262 
body of, 262 
development of, 498 
genu of, 262, 439 
radiation of, 262 
rostrum of, 262 
tapetum of, 439-440 

Corpus striatum, 261, 310--311, 3llf, 468, 496 
afferent fibers, 312 
bralnstem strlatal fibers, 313(, 314 
caudate nucleus, 311, 312/ 
connections, 312 
corticostriate fibers, 312, 3131 
efferent fibers, 313f, 314 
and globus pallldus, 312, 313(, 314 
lentiform nucleus, 311, 312/ 
nlgrostrlate fibers, 3131, 314 
striatonigral fibers, 3131, 314 
striatopallidal fibers, 3131, 314 
thalamostrlate fibers, 3131, 314 

Cortex, 9--10 
effect of autonomic system on, 397t 

Cortical areas 
association cortex, 287-289 
frontal lobe, 283-285 

Broca speech area, 284-285 
frontal eye field, 284 
movement areas of body, 283-284 
posterior region, 283 
precentral area, 283 
premotor area, 284 
primary motor area, 283--284 
secondary motor area, 283 
supplementary motor area, 284 

lnsula, 287 
occipital lobe, 286-287 

macula lutea, 287 
occipital eye field, 287 
primary visual area (Brodmann area), 

286-287 
secondary visual area (Bmdmann areas), 287 
visual cortex, 287 

parietal lobe, 286 
outer layer of Baillarger, 286 
primary somesthetic area, 286 
secondary somesthetic area, 286 
somesthetic association area, 286 

prefrontal cortex, 285 
taste area, 287 
temporal lobe 

primary auditory area (Brodmann 
areas),287 

secondary auditory area (auditory 
association cortex), 287 

sensory speech area of Wernicke, 287 
vestibular area, 287 

Cortical branches, 465, 468 
Cortical mechanisms, 283 
Corticobulbar tract, 494 
Corticohypothalamic fibers, 376 
Corticomedlal group, 303 
Corticonuclear fibers, 214, 323, 325 
Corticopontine fibers, 207, 214 
Corticopontlne tract, 494 
Corticosplnal fibers, 196, 214 
Corticosplnal tract (pyramidal tract), 

154-156,282,494 
lesions, 166 
spinal cord 

anterior, 155 
lateral, 155 

Corticostrlate fibers, 312, 313/ 
Cranial cavity, 418, 422 

anterior cranial fossa, 191-192 
base of skull, 191, 192f 
mandible, 195 
middle cranial fossa, 192-195 
vault of skull, 191 



Cranial nerve I 
olfactory bulb, 326f, 327 
olfactory nerves, 326-327, 3261 
olfactory tract, 326f, 327 

Cranial nerve D, 327-331, 3281 
binocular vision neurons, 327-328, 3281 
lateral genlculate body, 327, 3281 
optic chiasma, 327, 3281 
optic radiation, 327, 3281 
optic tract, 327, 328f-329f 
visual pathway neurons, 327-328, 3281 
visual reflexes, 328-331, 329f 

accommodation reflex, 329-330, 329( 
consensual light reflex, 329, 329f 
corneal reflex, 330, 330f 
direct light reflex, 328, 329f 
pupillary skin reflex, 331 
visual body reflexes, 330-331, 3301 

Cranial nerve m, 331, 332f, 494 
oculomotor nerve course, 331, 332f 
oculomotor nerve nuclei, 331, 3321 

Cranial nerve IV, 331-332, 333f, 494 
trochlear nerve course, 331-332, 333f 
trochlear nerve nuclei, 331, 333f 

Cranial nerve IX, 341 
course, 343, 343f 
distribution, 343f 
function, 325t 
nuclei, 341, 3421 

main motor nucleus, 341-342, 3421 
parasympathetic, 342, 342f 
sensory,342,342f 

Cranial nerve nuclei, 323--353 
abducens nerve, 335, 336( 

course, 336f, 337 
nucleus, 335, 3361 

facial nerve, 337-339 
course, 338, 338f 
distribution, 338f, 339 
nuclei, 337-338, 337f 

general visceral motor nuclei, 325 
motor nuclei, 325 
oculomotor nerve, 331 

course, 331, 3321 
nuclei, 331, 332f 

olfactory nerves, 326-327, 326f 
olfactory bulb, 326f, 327 
olfactory tract, 326f, 327 

optic nerve, 327-331, 3281 
accommodation reflex, 329-330, 329f 
binocular vision neurons, 327-328, 328f 
consensual light reflex, 329, 3291 
corneal reflex, 330, 330f 
direct light reflex, 328, 3291 
lateral geniculate body, 327, 3281 
optic chlasma, 327, 328f 
optic radiation, 327, 328f 
optic tract, 327, 328f-329f 
puplllary skin reflex, 331 
visual body reflexes, 330-331, 3301 
visual pathway neurons, 327-328, 328f 
visual reflexes, 328-331, 329f 

organization, 323-326 
sensory nuclei of, 325-326 
somatic motor nucleus, 325 
trigeminal nerve, 332, 3341 

course,335, 335f 
distribution of, 335f 
main sensory nucleus, 332-333, 334f 
mesencephallc nucleus, 333, 334( 
motor component, 334-335, 3341 
motor nucleus, 333, 3341 
nuclei, 332-333, 334f 
sensory components, 333--334, 334f 
spinal nucleus, 333, 3341 

trochlear nerve, 331 
course,331-332,3331 
nuclei, 331, 3331 

Cranial nerves (CNs), 81, 82f, 323, 
324t-325t 

branchlomotor nerve fiber of, 325 
functional components of, 3241 
general visceral motor nuclei of, 325 
motor nuclei of, 323, 325 
organization, 323-326 
sensory ganglia of, 15 
sensory nuclei of, 325-326 
somatic motor fiber of, 325 

Cranial nerve V, 332, 3341 
distribution of, 335( 
main sensory nucleus, 332-333, 334f 
mesencephallc nucleus, 333, 334f 
motor component, 334-335, 334f 
motor nucleus, 333, 3341 
sensory components, 333-334, 3341 
spinal nucleus, 333, 3341 
trigemlnal nerve course, 335, 335f 
trigeminal nerve nuclei, 332-333, 3341 

Cranial nerve VI, 335, 3361 
abducens nerve course, 336f, 337 
abducens nerve nucleus, 335, 3361 

Cranial nerve VD, 337-339 
course, 338, 338f 
distribution, 338f, 339 
nuclei, 337 

main motor, 337, 3371 
parasympathetic, 337, 337f 
sensory,337-338,337( 

Cranial nerve vm 
cochlear nerve, 340-341, 340f 
vestibulocochlear nerve, 339-341 

Cranial nerve X, 343 
course,344-345,3451 
distribution of, 345f 
function, 325t 
nuclei, 343 

main motor, 343, 344f-345f 
parasympathetic, 343, 344f-345f 
sensory,343--344,3441-3451 

Cranial nerve XI, 345 
cranial root, 345, 346( 
distribution of, 341f 
function, 3251 
spinal root, 345-346, 346f 

Cranial nerve XII, 347 
course, 347f, 348, 348f 
function, 3251 
nucleus, 347-348, 347f-348f 

Cranial part of accessory nerves, 204 
Cranial root, 3251, 345, 346f 
Craniopharyngioma, 267 
Craniosacraloutllow,395 
Cremasteric reflex, 166 
Cribriform plate, 192 
Crista galli, 192 
Crossed extensor reflex, 161 
Crossed homonymous hemianopia, 291 
Crus cerebrl, 210-211, 214 
Cuneate nucleus, 197, 490 
Cuneate tubercle, 197 
Cuneatus of medulla oblongata, 149 
Cuneocerebellar tract, 149-150 
Cuneus, 259 
Cutaneous nerves, 83 
Cytoplasm, 38-43, 4lf 
Cytotoxic edema, 64 

D 
Decamethonlum, 115 
Decerebrate rigidity, 162 
Decussatlon 

of cerebellar peduncles, 210, 239, 239( 
of lemnisci, 199, 1991, 201f 
In mldbraln (mesencephalon), 210 
of pyramids, 154, 196, 198-199, 199t, 20lf 
sensory, 149 
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Deep middle cerebral vein, 470 
Defecation, 407 
Degeneration of autonomic nerves, 407 
Delta rhythm, 292 
Dementia, 315 
Dendrites, 33, 48 
Dendrltic spines, 48, 232, 280 
Dentate, 494 
Dentate gyrus, 303 
Dentate nucleus of cerebellar nuclei, 9, 233 
Dentothalamic pathway, 239-240, 240t 
Dermatome, 98, 116 

dermatomal charts, 99f-1001 
Descending autonomic fibers, 154, 159-160 
Descending fibers, to brainstem, 377 
Descending tracts, 152-160, 152f, 153t 

anatomical organization, 153 
descending autonomic fibers, 154, 

159-160 
development of, 497 
functions, 153--160 
lesions of, 166 

clasp-knife reaction, 166 
exaggerated deep muscle reflexes, 166 
severe paralysis, 166 
spastlclty or hypertonlclty, 166 

olivospinal tract, 154, 159, 160f 
rubrosplnal tract, 154, 157-158, 158f 
tectosplnal tract, 154, 157, 1571 
vestibulospinal tract, 154, 158-159, 159! 

Destructive lesions of frontal eye field, 290 
Diabetes insipidus, 267, 382 
Diabetes mellitus, 408 
Dlaphragma sellae, 254, 418, 419f, 420, 4211 
Diencephalon, 9-10, 490, 495-496, 495f 

actual superior wall of, 250 
epithalamus, 253--254 
grossfeatures,249-250 
hypothalamic relations, 254 
hypothalamus,250,254 
Inferior surface of, 25 lf, 254 
lateral surface of, 250 
mammillary bodies, 254 
medial surface of, 250, 251f 
optic chiasma, 254 
subthalamus, 253 
superior surface of, 249-250 
thalamus,249-253, 252( 
third ventricle, 254-255 
tuber cinereum, 254 

Diisopropylphosphorofluoridate (DPF), 63 
Dlmethyltubocurarlne, 115 
Diplegia, 166 
Dlplol!, 185 
Dlplolc veins, 422 
Direct light reflexes, 406 
Dopamine, 54, 391 
Dorsal accessory olivary nuclei, 199 
Dorsal motor nucleus, 325 
Dorsal nucleus of vagus, 203 
Dorsomedial nucleus, 365 
Dorsum sellae, 194 
D-tubocurarine,97,114 
Dura mater, 4 

brain, 418-420, 419f-424f, 422-424 
spinal cord, 425-426, 426f-428f 

Dysarthria, 243 
Dysdiadochokinesia, 241-242 
Dystonia, 167 

E 
Ectoderm, 14 
Edema 

cerebral, 64 
cytotoxic, 64 
Interstitial, 64 
vasogenic, 64 

Edinger-Westphal nucleus, 213, 325, 329, 331 
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Effector endings 
cardiac muscular, neuromuscular 

junctions in, 98 
secretory cells of glands, nerve endings 

on, 98 
skeletal muscle, neuromuscular junctions 

In, 94--97, 94f 
skeletal muscle innervation, 93-94 
smooth muscle, neuromuscular junctions 

In, 97-98 
Efferent fibers, 12, 80, 234 

corpus striatum, 313(, 314 
Efferent nerve fibers, 377, 378(, 378t, 388-390, 

3891 
a efferents, 138 
r efferents, 138 
Ehrlich, Paul, 452 
Ejaculation, 408 

effect of autonomic system on, 397t, 403, 
4041 

Electrical synapses, 54 
Electrocorticograms, 292 
Electroencephalogram, 292 
Electromagnetic receptors, 84 
Emaciation, 267 
Embollform nucleus of cerebellar nuclei, 

233-234 
Embryonic stem cell treatment of neurologlc 

diseases, 501 
Emissary veins, 422 
Emotional disorders, 382 
Encapsulated receptors, 85-89 
Encephalogram, 456 
Endocrine nervous system control, 301 
Endoneurium, 80 
Endorphins, 146 
Endosteal layer, 418 
Endothelial cells of blood capillaries, 453 
Endplate potential, 96 
Enkephalins, 146 
Enterlc nervous system, 394--395 
Entoderm, 14 
Ependyma, 59~0, 141, 436, 498 
Ependymal cells, 488 
Ependymocytes, 59 
Epidural hematoma burr hole, 507 
Epidural (extradural) hemorrhage, 22, 429 
Epilepsy, 292 
Eplneurlum, 80 
Epithalamus, 253-254 
Epithelial cells, 5~0, 611 
Erectile tissue, effect of autonomic system 

on, 39n 402-403, 404f 
Erection, 407 

clitoral, 402-403 
penile, 402-403 

Ethmold, 187 
Exocytosis, 96 
Expressive aphasia, 290 
External auditory meatus, 191 
External band of Baillarger, 282 
Externalcapsule, 261-262,497 
External granular layer of cortex, 281-282 
External medullary lamina, 363, 3641 
External occipital protuberance, 188-190 
External ophthalmoplegia, 351 
External pyramidal layer of cortex, 282 
Exteroceptive information, 142 
Extracellular space, 60 
Extrapyramldal tracts, 165 
Eye, autonomic innervation of, 396--397, 397t 
Eyeball, lateral rectos muscle of, 335, 336!, 

337 
Eye field 

frontal, 284 
destructive lesions of, 290 
Irritative lesions of, 290 

occipital, 287 

F 
Facial colllculus, 205, 445 
Facial expression muscles control, 301 
Facial nerve, 204, 337-339, 351-352 

course,338,338f 
distribution, 338(, 339 
function, 324t 
lesions, 351-352 
nuclei, 337 

main motor, 337, 337f 
parasympathetic,337,3371 
sensory,337-338,337f 

Facial nucleus, 205 
Falx cerebelli, 420 
Faix cerebri, 10, 192, 255, 418, 419(, 421(, 496 
Fasciculus cuneatus, 147-149, 198 

injury, 163-164 
Fasclculus gracllls, 147-149, 198 

injury, 163-164 
Fasclculus lentlcularls, 314 
Fastlglal nucleus of cerebellar nuclei, 233-234 
Fastigial reticular pathway, 240, 240t 
Fastlglal vestibular pathway, 240, 240r 
Fast pain, 145-146 
Fast synaptic potentials, 392, 3921 
Feeder arteries, 472 
Fibrous astrocytes, 55, 56f 
Fifth cervical segment, spinal cord, 1391 
Filum termlnale, 4, 13, 13(, 490 
Fimbria, 263, 303, 440 
Fine-skilled voluntary movements, 166 
First-<>rder neuron, 142, 1431, 144, 146, 149t, 

153, 161,325--326 
Flaccid paralysis, 166 
Flocculonodular lobes of cerebellum, 229 
Folic acid, 501 
Fontanelles, 191 
Foramen cecum, 192 
Foramen lacerum, 191, 194 
Foramen magnum, 194 
Foramen of Magendle, 443, 492 
Foramen ovale, 191, 194 
Foramen rotundum, 188, 193-194 
Foramen splnosum, 191, 194, 422 
Foramina of Luschka, 443, 446(, 492 
Forceps major, 262, 439 
Forceps minor, 262 
Forebrain (prosencephalon) 

cerebrum, 9--10 
development of, 494-495 
diencephalon, 9--10 
vesicle, 15, 488, 490, 49lf, 491t 

FomiJ:, 249, 255, 263 
anterior column of, 439 
body of, 264, 302!, 303 
columns of, 304 
commlssure of, 264, 303-304 
as crus of, 302(, 303 
development of, 498 
posterior column of, 440 
posterior columns of, 264 

Fourth ventricle, 9, 197, 199t, 229, 234, 436, 
490 

cavity of, 141, 196 
floor of, 158, 197, 203, 454 
tumors of, 456-457 

Free nerve endings, 84, 85f 
Frey syndrome, 408 
Frontal bone, 186--187 
Frontal eye field, 284 

destructive lesions of, 290 
Irritative lesions of, 290 

Frontal leukotomy, 291 
Frontal lobe, 256, 258, 496 

frontal eye field, 284 
movement areas of body, 283-284 
posterior region, 283 
precentral area, 283 

premotor area, 284 
primary motor area, 283-284 
secondary motor area, 283 
supplementary motor area, 284 

Frontal lobectomy, 291 
Front0-<>cclpltal fasclculus, 264 
Fusiform cells, 280 

G 
Gag reflex, 353 
Galt, postural changes and alteration of, 241 
Gallamine, 115 
Gallbladder 

effect of autonomic system on, 397t, 401 
pain, 410 

Ganglia, 387 
Ganglion 

basal nuclei, 310-318 
ciliary, 397 

Ganglion-blocking agents, 392-393 
Ganglion cells, 327-328 
Ganglioneuroma,62 
Ganglionic layer (internal pyramidal layer) of 

cortex, 282 
Ganglionic layer of retina, 327, 3281 
Ganglion lmpar, 390 
Ganglion-stimulating agents, 392 
Gastrointestinal tract, effect of autonomic 

system on, 3974 400-401, 40lf 
Gating, 47 
Gating theory, 146 
General visceral motor nuclei, 325 
Geniculate ganglion, 338, 338f 
Genital hypoplasla, 267 
Genu of corpus callosum, 262, 264 
Glands, effect of autonomic system on, 397t 
Glial cells, 253 
Gliotic scar, 63 
Global aphasia, 291 
Globose-emboliform-rubral pathway, 239, 

240t 
Globose nucleus of cerebellar nuclei, 233-234 
Globus pallidus, 496(, 497 

afferent fibers, 313{, 314 
connections, 312, 315 
efferent fibers, 314 
pallldofugal fibers, 314 
striatopallidal fibers, 313(, 314 

Glossopharyngealnerve, 341,353 
accessory nerves, 204 
course, 343, 343f 
distribution, 3431 
function, 325t 
nuclei, 341, 342f 

main motor, 341-342, 342f 
parasympathetic,342, 342f 
sensory, 342,342f 

Glutamate, 145 
Glycocalyx, 43 
Golgi complex, 39--41 
Golgi tendon organs, 92-93 
Golgl type D neurons, 34, 36f 
Golgi type I neurons, 34, 35f-36f 
Gracile nucleus, 197, 490 
Granular cells, 327, 498 
Granular layer of cortex, 231, 233, 283 
Gray column,splnal cord 

accessory nucleus, 138 
anterior nerve cell groups, 138-139 
central canal, 141 
gray commissure, 141 
lateral nerve cell groups, 141 
lumbosacral nucleus, 138 
posterior nerve cell groups, 139--141 

Gray commlssure, 4, 141, 447 
Gray matter, 2, 4 

central, 203-204 
lnterthalamlc connection of, 496 



Gray rami communicantes, 388 
Great cerebral vein, 265, 423 
Greater petrosal nerve, 194 
Gyri, 10, 497 
Gyrus rectus, 260 

H 
Habenular commlssure, 253-254, 264 
Habenular nucleus, 253, 264 
Hair follicle receptors, 84--85, 86~7f 
Hand, thalamlc, 369 
Headache 

alcoholic, 429 
caused by cerebral tumors, 429 
due to diseases of teeth, paranasal sinuses, 

and eyes, 429 
meningeal, 429 
migraine, 429 

Head Injuries 
acute cerebral Injury, 21f 
skull fractures, 20-21 

Heart, effect of autonomic system on, 397t, 
399,400f 

Hemiballismus, 167, 315 
Hemiplegia, 166 
Hemorrhage of pons, 217 
Herniation of intervertebral discs, 16-17 
Herpes simplex, 62 
Herpes zoster, 62, 113 
Heterotypical area of cortex, 282-283 
Hexamethonium, 63 

block ganglia, 392 
Hind brain 

cerebellum, 5 
medulla oblongata, 5 
pons,5 
vesicle, 15, 197, 488, 490, 491t 

Hlppocampohypothalamlc fibers, 376 
Hlppocampus, 249, 301 

afferent connections of, 304-305, 305f 
efferent connections of, 305, 305f 

Hirschsprung disease, 408 
Histamine, 145 
Homotypical area of cortex, 283 
Homotypical cortex, 289 
Homunculus, 154 
Horizontal cells of Cajal, 280 
Horizontal fissure, 229 
Horner syndrome, 171, 408 
Hunger center, 381 
Huntingtin, 315 
Huntington disease, 315, 316f 
Hydrocephalus,267,455-456,500,500f 
Hypalgesla, 116 
Hyperesthesia, 116 
Hyperkalemic paralysis, 115 
Hyperkinetlc disorders, 315 
Hypertension, 409 
Hyperthermla, 382 
Hypertonia, 166 
Hypertonicity, 166 
Hypesthesla, 116 
Hypoglossal canal, 191, 194 
Hypoglossal nerves, 194, 204, 347, 353 

course, 347(, 348, 348f 
function, 325t 
nucleus, 347-348, 347f-348f 

Hypoglossal nucleus, 203, 446 
Hypoglossal triangle, 446 
Hypokalemlc periodic paralysis, 115 
Hypokinetic disorders, 315 
Hypophyseal portal system, 379-380, 380t 
Hypophysis, 255 
Hypophysis cerebri, 194, 254, 420 

connections with, 377-380, 379(, 380t 
hypophyseal portal system, 379-380, 

380t 
hypothalamohypophyseal tract, 377, 379 

Hypotension, postural, 473 
Hypothalamic nuclei, 375-376, 375f-376f 

lateral zone, 375--376 
lines of communication, 376-380 

afferent nervous connections, 376-377 
efferent nervous connections, 377 
hypophysls cerebrl, connections with, 

377-380, 379(, 380t 
medial zone, 375--376 

Hypothalamic regulatory hormone, 380t 
Hypothalamic relations, 254 
Hypothalamic sulcus, 250, 255 
Hypothalamic syndromes, 267 
Hypothalamohypophyseal tract, 377, 379 
Hypothalamus,9,250,254,267,373-382,374(, 

454 
functions, 380-382, 380t 

autonomic control, 381, 381f 
circadian rhythms, control of, 382 
emotion and behavior, 381-382 
endocrine control, 381 
neurosecretlon, 381 
regulation of food and water intake, 381 
temperature regulation, 381 

lesions, 382 
lines of communication, 376-380 

afferent nervous connections, 376-377, 
378t 

efferent nervous connections, 377, 378t 
hypophysls cerebrl, connections with, 

377-380, 379(, 380t 
nuclei, 375-376, 375f-376f 

lateral zone, 375-376 
medial zone, 375--376 

parts of, 374f 
position, 374f 
structures,373,3741 

Hypothermia, 382 
Hypotonia, 166, 241 

I 
Iatrogenic parklnsonism, 317 
Incisive fossa, 190 
Incisures of Schmidt-Lanterman, 73 
Indusium grlseum, 303 
Infarction of pons, 217 
Inferior articular processes, 133 
Inferior brachium, 209, 366 
Inferior cerebellar peduncles, 9, 196, 203 
Inferior collicull/inferlor colliculus, 210-213, 

2111-212(, 2131, 331, 333(, 494 
Inferior conchae, 187 
Inferior frontal gyrus, 258 
Inferior frontal sulci, 258 
Inferior horn of ventricles, 436, 440 

roof of, 440 
Inferior longitudinal fasclculus, 264 
Inferior medullary velum, 443, 445/ 
Inferior olivary nucleus, 196, 199 
Inferior orbital fissure, 188 
Inferior parietal lobule, 258 
Inferior petrosal sinuses, 194, 424 
Inferior quadrantic hemianopia, 291 
Inferior sagittal sinus, 265, 419, 419(, 42 lf, 423 
Inferior sallvatory nucleus, 325 
Inferior vertebral notch, 133 
Inferior vestibular nucleus, 199 
Infraorbltal foramen, 187 
Infratemporal crest, 188 
Infratemporal fossa, 188 
Infundlbulum, 249, 254-255, 496 
Inhibitory interneurons, 235 
Inner band of Balllarger, 282 
Inner glial limiting membranes, 55 
Insula,256,287,497 

lesions of, 291 
Intermaxillary suture, 187 
Intermittent claudication, 409 
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Internal acoustic meatus, 195 
Internal arcuate fibers, 199 
Internal capsule, 10, 146, 149, 154, 261, 327, 

497 
anterior limb, 264 
arteries of, 468 
auditory radiation of, 287 
lesions, 268-269 
posterior limb, 264 
of thalamus, 252 
of white matter, 250 

Internal carotid artery, 424, 464--465 
occlusion of, 4 73 

Internal carotid plexus, 331 
Internal cerebral veins, 265 
Internal granular layer of cortex, 282 
Internal jugular vein, 195 
Internal medullary lamina, 3651 
Internal occipital crest, 195 
Internal occipital protuberance, 195 
Internal ophthalmoplegia, 351 
Internal strabismus, 351 
Internuclear ophthalmoplegia, 351 
Internuncial neurons, 325 
Interpeduncular cistern, 44 7 
Interpeduncular fossa, 210, 331 
Intersegmental spinal reflexes, 160 

crossed extensor reflex, 161 
influence of higher neuronal centers on, 

162 
monosynaptlc reflex, 160, 1611 

Intersegmental tracts, 160-162 
lnterspinous ligament, 135 
Interstitial edema, 64 
Interthalamic connection, 363, 3641 
lntertransverse ligaments, 135 
Interventricular foramen, 9, 260, 495 
Interventrlcular foramlna (foramina of 

!ldonro), 10,254,436,490 
Intervertebral foramen, 133 
Intestine, effect of autonomic system on, 

3911, 400, 401f 
lntracerebellar nuclei, 231 
Intracranial hematoma treatment, 507-508 
Intracranial hemorrhage, 22, 429, 474 

In Infant, 429 
Intracranial pneumography, 456 
Intralaminar nuclei, 366 
Intraparletal sulcus, 258 
Intrinsic fibers, 234 
Ipsllateral band of cutaneous anesthesia, 170 
Ipsilateral lower motor neuron paralysis, 170 
Ipsllateral spastic paralysis, 170 
Iris, autonomic Innervation of, 396-397, 3974 

398f 
Irritative lesions of frontal eye field, 290 

J 
Jacksonian epileptic seizure, 290 
Jerk nystagmus, 242 
Jugular foramen, 191, 194 
Junctional folds, 96 

K 
Kidney, effect of autonomic system on, 397t, 

401,402f 
Kinesin-<:oated organelles, 43 
K+ Ions, 145 
Kliiver-Bucy syndrome, 306 
Knee jerk, 101 

pendular, 242 

L 
Labyrinthine artery, 467 
Lacrimal gland, autonomic innervation of, 

397-398,3974 399f 
Lacrimal nuclei of facial nerve, 325 
Lactic acid, 145 
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Lambdoid suture, 187-188 
Laminae, 132 
Lamina terminalis, 254, 262, 495, 498 
Large autonomic plexuses, 390 
Lateral cortlcosplnal tract, 155, 198 
Lateral dorsal nucleus, 366 
Lateral geniculate body, 327-328, 328f, 366, 

496,498 
Lateral gray column, 141 
Lateral herniation, 18 
Lateral lemniscus, 209, 211, 214, 341 
Lateral medullary syndrome of Wallenberg, 

215,216( 
Lateral nerve cell groups, 141 
Lateral nucleus, 376 
Lateral posterior nucleus, 366 
Lateral pterygoid plate, 191 
Lateral rectus muscle of eyeball, 335, 336(, 337 
Lateral spinothalamic tract, 144-146, 204 

Injury, 163 
terminations of, 146 

Lateral sulcus, 256, 498 
Lateral tuberal nuclei, 3 76 
Lateral ventricles, 10, 260, 436-440, 441(, 468, 

490 
anterior horn of, 436, 439 
body of, 436--439 
choroid plexus of, 439-440 
development of, 495 
disorders of, 267 
floor of, 439 
inferior horn of, 436, 440 
posterior horn of, 436, 439 
roof of, 439 

Lateral vestibular nucleus, 240 
Lateral white column, 4 
Lateral white matter, 141 
Law of reciprocal Innervation, 161 
L-dopa, 63, 457 
Lenticulostriate artery, 22 
Lentiform nucleus, 10, 261, 311, 312(, 496 
Lesser petrosal nerve, 194 
Lethargy, 292 
Ligamentum dentlculatum, 426, 490 
Ligamentum flavum, 135 
Ligamentum nuchae, 135 
Light touch, 113 
Limbic system, 301, 302~05t; 303-306, 377 

alveus, 303, 303f 
amygdaloid nucleus, 303 
basolateral group, 303 
connecting pathways of, 303-304 
corticomedial group, 303 
dentate gyrus, 303-304 
fimbria, 303 
fornlx, 302f, 303 
functions, 305 
hippocampal formation, 301, 302f-304t; 303 
hlppocampal structure, 304 
hippocampus, 301 

afferent connections of, 304-305, 305f 
as crus of fomlx, 302(, 303 
efferent connections of, 305, 305f 

lnduslum grtseum, 303 
mammillary body, 304 
mammillothalamic tract, 304 
parahlppocampal gyrus, 303 
pes hippocampus, 301 
septum pellucldum, 304 
striae, 303 
stria terminalis, 304 
uncus,303 

Lingual gyrus, 260 
Llpofuscln, 43 
Liver, effect of autonomic system on, 397t 
Lobes, 10 

of cerebellum 
anterior, 229 

flocculonodular, 229 
middle, 229 

of cerebral hemisphere 
Inferior surface, 259-260 
medial surface, 259--260 
superolateral surface, 258-259 

frontal,256,258,283-284,496 
occipital, 256, 259, 286--287, 496 
parietal, 256, 258, 286, 496 
temporal, 193, 256, 258 

Long association fibers, 264 
Long ciliary nerves, 331, 397 
Longitudinal cerebral fissure, 255 
Longitudinal fissure, 10 
Lower limb arteries, effect of autonomic 

system on, 39n 405, 405f 
Lower motor neurons, 152-153, 325 

cerebellum functions, influence on, 240 
inhibition, 162 
lesions, 166, 352f 
palsy, 217 
paralysi5, 168, 170 
in progressive muscular atrophy, 171 
in syringomyella, 170 

Lumbar and sacral plexuses, 13 
Lumbar disc herniations, 18--19 
Lum bar enlargement, 490 
Lumbar nerve, 12 
Lumbar plexus, 13, 112t 
Lum bar puncture, 490 

landmarks for performing, 510--512, 511f 
Lumbosacral nucleus, 138 
Lumbosacral root syndrome, llOt 
Lung, effect of autonomic system on, 397t, 

400,400f 
Lysosomes, 43 

M 
Macula, 327 
Macula lutea, 287, 328 
Magnetic resonance imaging (MRI), 23-26 

cerebral ventricles, clinical investigation 
of, 456 

of cerebrovascular disease, 474 
structure of brain, 25f 

Main motor nucleus, 341-342, 342f 
Major dense line, 73 
Malignant sarcoma, 112 
Mammillary bodies, 249, 255, 304, 496 
Mammlllotegmental tract, 377 
Mammillothalamic tract, 304, 377 
Mandible, 195 

angle of, 195 
body of, 195 

Mandibular fossa, 191 
Mastoid process, 187, 191 
Maxillae, 187 
Mechanoreceptors, 84 
Meckel cave, 335 
Medial accessory ollvary nuclei, 199 
Medial eminence, 205, 445 
Medial geniculate body, 209, 366, 496 
Medial lemnlscus, 149, 203, 205, 211, 214 
Medial longitudinal fasciculus, 157, 203, 205, 

210,213,331,333( 
Medial medullary syndrome, 215, 2161 
Medial occlpltotemporal gyrus, 260 
Medial pterygold plate, 191 
Medial vestibular nucleus, 199, 205 
Medial wall, 439 
Median eminence of tuber clnereum, 254 
Median sulcus, 205, 445 
Medulla, effect of autonomic system on, 397t 
Medulla oblongata, 4-5, 9, 194, 196-204, 197(, 

199t 
arteries of, 468 
clinical significance of, 215 
cuneate nucleus, 197 

cuneate tubercle, 197 
decussation 

of lemniscl, 199, 199t, 201f 
of pyramids, 198--199, 199t, 201f 

development of, 490--492 
floor of fourth ventricle, 197 
graclle nucleus, 197 
internal structure, 197-204 
just inferior to pons, 199t, 203 
lateral medullary syndrome of Wallenberg, 

215,216f 
medial medullary syndrome, 215, 2161 
olives, 196, 199-203, 199t, 2021 
posterior cranial fossa, raised pressure 

of, 215 
posterior median sulcus, 197 
reticular formation, 204 
vascular disorders, 215 
veins of, 470 

Medullary arteries, 467 
ofAdamkiewlcz,472 

Medullary reticulospinal tract, 156 
Medulloblastoma of vermls, 243 
Meissner corpuscles, 87-88, 871-881 
Melanin granules, 43 
Melanocytes, 15 
Melatonin, 254 
M~l~e disease, 353 
Meningeal artery and vein, middle, 188 
Meningeal branches, 466 
Meningeal headache, 429 
Meningeal layer, 418, 419f-4211 
Meningeal veins, 422, 423f 
Meninges, 1,418--430,490 

brain, 418--425 
arachnoid mater, 4191-420(, 422(, 

424f-425f, 425 
dural arterial supply, 422, 423/:-4241 
dural nerve supply, 420, 422 
dural venous sinuses, 419f, 420, 

4211-422(, 422-424 
dura mater, 418--420, 419f-424f, 422-424 
pla mater, 419(, 425 

excessive brain movement, 428--429 
functional significance, 428 
headaches,429 
intracranial hemorrhage, 429 
intracranlal hemorrhage In Infant, 429 
spinal cord, 425-428 

arachnoid mater, 426, 426f 
dura mater, 425-426, 4261-4281 
pia mater, 426, 4261 

Meningitis, 429 
Menlngocele, 498, 5001 
Meningomyelocele, 499 
Merkel cell, 84 
Merkel discs, 84, 85f-86f 
Mesaxon, 73, 79 
Mesencephalon, 490 
Mesoderm, 14 
Metaproterenol, 393 
Metencephalon. See cerebellum; midbrain 

(mesencephalon); pons 
Methacholine chloride, 115 
Metopic suture, 190 
Mlcrofllaments, 42 
Microglia, 58--59 
Microglial cells, 488 

reactions to Injury, 63 
Microtubules, 42, 421 
Mldbraln, 209f, 490 

arteries of, 468 
basis pedunculi of, 154 
Benedikt syndrome, 217, 2181 
cerebral aqueduct of, 331, 3321-3331 

blockage in, 217 
cerebral peduncles, 209 
clinical significance of, 217 



crus cerebri, 210-211, 214 
decussatlon In, 210 
development of, 492 
inferior brachium, 209 
Inferior colllculus, 209-213, 211~212(, 2131, 

494 
medial geniculate body, 209 
reticular formation, 210 
substantia nigra, 210--211, 214 
superior brachium, 209 
superior colliculus of, 211~13f, 213-214, 

213(, 213t, 327' 329f, 494 
tectum, 364f 
trauma of, 217 
vascular lesions, 217 
veins of, 4 70 
\Vebersyndrome,217,218f 

Mldbraln vesicle, 15, 488, 490, 491r 
Middle cerebellar peduncles, 9, 204, 492 
Middle cerebral artery, 465 

occlusion of, 472-473 
Middle conchae, 187 
Middle cranial fossa, 192-195 
Middle frontal gyrus, 258 
Middle lobes of cerebellum, 229 
Middle meningeal artery, 422 
Middle meningeal vessels, 191 
Middle temporal sulci, 258 
Midline nuclei, 366 
Migraine, 429 
Minor dense line, 73 
Mitochondria, 41 
Mltral cell, 326f, 327 
Modality of sensation, 113 
Molecular layer (plexifonn layer) of cortex, 

231,281 
Monoplegia, 166 
Monosynaptlc reflex, 160, 161f 
Morphine, 164 
Mossy fibers, 235 
Motor cortex, 282, 284, 286 

lesions of, 290 
precentral area, 283 
primary motor area, 153t, 154, 283-284 
secondary motor area, 153t, 154, 283 
supplementary motor area, 284 

Motor endplate, 94, 95f-96f 
drugs and diseases affecting, 114t 
on stimulation of motor nerve, 97 

Motor fibers , 12 
Motor Innervation of lntrafusal fibers, 90 
Motor nuclei/motor nucleus 

of cranial nerves, 323, 325 
dorsal, 325 
of facial nerve, 337, 337(, 338, 338/ 
general visceral, 325 
of trigemlnal nerve, 207, 333, 334f 

Motor recovery, 109 
Motor root, 204 
Motor units, 93-94, 101-102 

components of, lOlf 
skeletal muscle innervation, 93-94 

Multiform layer (layer of polymorphic cells) 
of cortex, 282 

Multiple sclerosis, 63-64, 171, 408 
Multipolar neurons, 34 
Muscarlnlc receptors, 392 
Muscle action, 101-102 
Muscle atrophy, 166 
Muscle fatigue, 102 
Muscle hypotonia, 243 
Muscle joint sense pathways, 143.( 14 7-150, 149r 
Muscles 

clinical observation of muscular activity, 117 
Involuntary movement of, 117 
segmental innervation of, 100--101, 508-510 

Muscle spastlclty, 290 
Muscle spindles, 101 

Muscle systemic arteries, effect of autonomic 
system on, 3971 

Muscle tone, 101-102, 116-117 
abnormal 

athetosis, 167 
chorea, 167 
dystonia, 167 
hemlballlsmus, 167 
hypertonla, 166 
hypotonia, 166 
myoclonus, 167 
spasms, 167 
tremors, 166 

skeletal, 116-117 
spinal cord, 165 

Muscular contracture, 117, 166 
Muscular coordination, 117 
Muscular element of motor endplate, 94 
Muscular fasciculation, 117, 166 
Muscular power, 117 
Myasthenia gravls, 115 
Myelencephalon, 490 
Myelinated nerve fibers, 71-73 

In peripheral nervous system, 75f 
relationship between oligodendrocyte 

and, 741 
Myellnatlon In brain, 498 
Myelin formation, 72-73 
Myelln sheath, 72 
Myelocele, 499 
Myelographyofvertebral column, 172, 173f-1741 
Myoclonus, 117, 167 

N 
Nasal bone, 187 
Neostigmine, 115 
Nerve cell body, 34-37 

structures of, 39t 
Nerve fibers, 2, 33 

afferent,81,84,93 
autonomic, 97-98, 98/ 
branching of, 81 
bundles of, 80--81 
myellnated, 71-73, 87, 92, 94 
nonmyelinated, 79 
peripheral, 80 
unmyelinated, 88-89 

Nerve impulse, 44-45 
Nerve of pterygold canal, 194 
Nerve plexuses, 13, 81 
Nerve tracts, 71, 72f 
Nerve transplantation, 110 
Nervous system, early development of, 14-16 
Nervus intermedius, 338 
Neural crest, 14(, 15 
Neural defect prevention, 500--501 
Neural element of motor endplate, 94 
Neural folds, 14, 141 
Neural groove, 14, 14f 
Neural plate, 14, 14f 
Neural tube, 15, 15(, 197 
Neurllemmomas, 112 
Neurites, 33 
Neuroanatomy 

ascending tracts of spinal cord, 142-152, 
1431, 147f 

autonomic nervous system, 387-410, 397t 
basal nuclei, 310--318 
cranial nerve nuclei, 323-353 
descending tracts of spinal cord, 152-160, 

152(, 153t 
effector endings, 93-98 
hypothalamus, 373-382 
meninges of brain, spinal cord, 418-430 
motor units, 93-94, 101-102, 101f 
muscle fatigue, 102 
muscle tone, action, 101-102 
nerve fibers, 71-73, 79 
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neuroanatomical data of clinical 
significance, 507-512 

neuroglia,54-60 
peripheral nerves, 81-83, 81~(, 109-110 
receptor endings, 84-93 
reticular formation, 299-301 
segmental Innervation 

of muscles, 100--101 
of skin, 98 

spinal cord, 136-141 
thalamus,363-369 

Neuroblastoma, 62 
Neuroblasts, 488-490, 494 
Neurofibrils, 42, 42f 
Neurofllaments, 42, 42f 
Neuroglia, 2, 4f, 54-60 

types of neurogllal cells 
astrocytes,55-58 
ependyma, 59-60 
mlcroglla, 58-59 
oligodendrocytes, 58, 58f 

Neuroglial cells, 231, 498 
astrocytes, 55-58 
ependyma, 59-60 
mlcroglla, 58-59 
oligodendrocytes, 58, 581 
structural features, location, and functions 

of, 56t 
Neuroglial reactions to injury, 63 
Neurohypophysls, 254 
Neurologlc examination, 118 
Neuroma, 107 
Neuromodulators, 54, 54r 
Neuromuscular blocking agents, 114-115 
Neuromuscular junctions 

action of drugs on, 115-116 
in skeletal muscle, 94-97, 941 
In smooth muscle, 97-98 

Neuronal recovery, 107-108 
Neuronal response to Injury, 105-107 

apparent recovery of central nervous 
system function, 112-113 

of nerve cell body Injury, 105 
of nerve cell process injury, 105-107 
nerve transplantation, 110 
neuronal degeneration associated with 

senescence, 109 
neuronal recovery, 107-108 
of peripheral nerve tumors, 110-112 
transneuronal degeneration, 108--109 
traumatic lesions of peripheral nerves, 109-110 

Neurons, 1, 33, 40(, 325 
bipolar, 34 
classification, 35(, 37t, 78t 
fine structure of, 38/ 
golgl type I and II, 34 
ionic and electrical changes, 44f, 46f 
multlpolar, 34 
nerve cell body, 34-37 

cytoplasm, 38-43 
nucleus, 37-38 
structures of, 39t 

nerve cell processes, 48-49 
axon transport, 49 

neurofibrils with, 42f 
plasma membrane, 42-48 

depolarized, 45 
excitation and conduction, 44-4 7 
potassium channel, 47-48 
sodium channel, 47-48 

reactions to Injury, 62 
synapses,49-54 

chemical, 51-52 
electrical, 54 
neuromodulators, 54 
neurotransmitters, 52-54 

types,33-34,36f 
unipolar, 33 



522 Index 

Neuron twnors, 62 
Neurophyslns, 377, 379f 
Neuropraxia, 109 
Neurotendinous spindles (Golgi tendon 

organs),92-93 
functions, 93 

Neurotmesls, 109 
Neurotransmitters, 52-54, 54t 

cerebellar cortical, 235 
synapses,52-54 
treatment of neurologic disease by 

manipulation of, 63 
Nicotine, 63, 97, 392 
Nicotinic receptors, 392 
Nlgrostrlate fibers, 313(, 314 
Nissl substance, 38-39 
Nociceptors, 84 
Nodes of Ranvier, 72-73, 75f-76f 
Non-communicating hydrocephalus, 456 
Nonencapsulated receptors, 84--85 
Norepinephrine, 235, 457 
Nterior ethmoidal nerve, 192 
Nuclear envelope, 38 
Nuclear pores, 38 
Nuclei, 5 
Nuclei gracllls, 149 
Nucleus, 37-38, 37f 
Nucleus amblguus, 203 
Nucleus cuneatus, 198-199 
Nucleus dorsalis (Clarke column), 140, 149 
Nucleus gracllls, 198-199 
Nucleus of tractus solitarius, 203 
Nucleus pulposus, 135 
Nystagmus, 242 

0 
Obesity, 267, 382 
Occipital bone, 187 
Occipital condyles, 191 
Occipital eye field, 287 
Occipital lobe, 256, 259, 286--287, 496 

macula lutea, 287 
occipital eye field, 287 
primary visual area, 286-287 
secondary visual area, 287 
visual cortex, 287 

Occipital sinus, 195, 420, 423-424 
Occipitotemporal gyrus, 260 
Occlpltotemporal sulcus, 260 
Ocular movement disburtances, 242 
Oculomotor nerve, 331, 350--351 

course,331,332f 
distribution, 332f 
function, 324t 
nuclei, 331, 332f 

Oculomotor nucleus, 213 
Olfactlon, 376 
Olfactory aura, 306 
Olfactory bulb, 192, 326f, 327 
Olfactory hairs, 327 
Olfactory nerves, 192, 326--327, 326(, 349-350 

distribution of, 326f 
fibers, 327 
function, 324t 
olfactory bulb, 326!, 327 
olfactory cells and neurons of olfactory 

bulb, connections between, 326f 
olfactory cells and neurons of olfactory 

system, connections between, 326f 
olfactory tract, 326!, 327 

Olfactory receptor cells, 326--327 
Olfactory sulcus, 260 
Olfactory tract, 326!, 327 
Oligodendrocytes, 58, 58!, 63, 72, 488 
Ollvary nuclear complex, 199 
Olivary nuclei, 490 
Olivospinal tract, 154, 159, 160! 
Ophthalmic artery, 464 

Optic canal, 193--194 
Optic chlasma, 249, 254-255, 327, 328!, 366, 498 
Optic disc, 327, 328! 
Optic nerve, 254, 327--331, 328!, 455 

binocular vision neurons, 327-328, 328! 
function, 324t 
lateral geniculate body, 327, 328f 
optic chiasma, 327, 328! 
optic radiation, 327, 328' 
optic tract, 327, 328f-329f 
visual pathway neurons, 327-328, 328! 
vlsualreflexes,328-331,329f 

accommodation reflex, 329--330, 329! 
consensual light reflex, 329, 329! 
corneal reflex, 330, 330f 
direct light reflex, 328, 329! 
puplllary skin reflex, 331 
visual body reflexes, 330--331, 330f 

Optic radiation, 265, 327, 328!, 439 
Optic tract, 254, 327, 328f-329f 
Orbital gyri, 260 
Orbital margins, 187 
Osmoreceptor,379 
Outer glial limiting membranes, 55 
Outer layer of Balllarger, cerebral cortex, 286 
O.xytocin hormones, 377 

p 
Paclnlan corpuscles, 88, W-89f 
Pain, 113--114 

acute, treatment of, 164 
chronic, treatment of, 164 
conduction in central nervous system, 

145-146 
conduction to central nervous system, 145 
control In central nervous system (CNS), 

146 
fast, 145-146 
pathways, 142-145, 143f-144f 
perception of, 145-146 
pressure, 114 
slow, 145-146 
somatic, 164 
thalamus, 369 
visceral, 164 

Palatal processes of maxillae, 190 
Palatine bones, horizontal plates of, 190 
Palatine foramina, greater and lesser, 190 
Pallldosubthalamlc fibers, 314 
Pallldotegmental fibers, 314 
Pallidotomy, 318 
Papllledema, 455 
Paracentral lobule, 259 
Parahippocampal gyrus, 260, 303 
Parallel fibers, 233 
Paralysis 

bilateral spastic, 170 
diplegia, 166 
flaccid, 166 
hemlplegla, 166 
ipsilateral spastic, 170 
monoplegla, 166 
paraplegia, 166 
quadriplegia, 166 
severe, 166 

Paraplegia, 166 
In extension, 162 
In flexion, 162 

Parasympathetic injuries, 407 
Parasympathetic nucleus, 342, 342f 
Paresthesia, 116 
Parietal bones, 187 
Parietal eminence, 507 
Parietal lobe, 256, 258, 496 

outer layer of Balllarger, 286 
primary somesthetic area, 286 
secondary somesthetic area, 286 
somesthetlc association area, 286 

Parieto-occipital sulcus, 256 
Parkinson disease, 171, 315, 316f-318f 

drug-induced, 318 
motorfunctionln,318,318! 
symptoms, 317 
treatment of, 457 
types of, 317 

Parkinsonism, 166 
Parotid gland, autonomic innervation, 397t, 

398-399,399! 
Patellar tendon reflex, 101, 510 
Pedlcles, 132 
Peduncles, 9 

cerebellar, 229, 235, 235! 
Inferior, 9, 196, 203 
middle, 9, 204 
superior, 9, 205, 210, 239, 239f 

Pelvic colon, effect of autonomic system on, 
397t, 400--401, 401! 

Pendular knee jerk, 242 
Pendular nystagmus, 242 
Penicillin, 457 
Perlneurium, 80 
Periosteum, 418 
Peripheral nerves, 71, 77f 

autonomic ganglia, 81 
axons, regeneration of, 107-108 
blood vessels within, 112 
cranial nerves, 81, 82f 
endoneurlal spaces within, 112 
injuries, clinical principles, 110 
local anesthetic action on nerve 

conduction, 112 
lymphatics within, 112 
peripheral nerve plexuses, 81-83 
plexuses, 81-83 
regeneration of, 109 
sensory ganglia, 81 
spinal nerves, 80--81, 82f-83f 
structure, 8lf 
traumatic lesions of, 109-110 

motor changes, 109 
sensory changes, 109 
vasomotor, sudomotor, and trophic 

changes, 109 
tumors, 110--112 

Peripheral nervous system (PNS), 1, 72, 79 
cranial and spinal nerves, 2 
cranial nerves, 12-13 
ganglia, 13--14 

autonomic ganglia, 14 
sensory ganglia, 14 

major divisions of, 12-14 
spinal nerves, 12-13 

Pernicious anemia, 171-172 
Persistent vegetative state, 292 
Pes hippocampus, 301, 303, 440 
Petit ma!, 292 
Phantom limb, 113--114 
Phenothiazines, 63 
Phenoxybenzamlne, 116, 394 
Phenylbutazone, 457 
Phenylephrine, 393 
Pheochromocytoma, 62 
Physostigmine, 115 
Pia mater, 4, 440, 443, 443!, 447, 450, 490, 492 

brain, 419f, 425 
spinal cord, 426, 426f 

Pineal body, 254, 495 
Pineal gland, 253-254 

functions,253-254 
functions of, 267 

Pinealocytes, 253 
Pineal recess, 254 
Pineal tumors, 267 
Plasma membrane, 42-48 

depolarized, 45 
excitation and conduction, 44-47 



potassium channel, 47-48 
sodium channel, 47-48 
summation of excitatory stimuli, 46 

Pneumoencephalography,267 
Poliomyelitis, 62, 171 
Polyneuropathy, 113 
Pons, 5, 9, 194 

anterior surface of, 204, 205f 
arteries of, 468 
astrocytoma of, 216 
caudal part, 205-207, 206f 
clinical significance of, 215-217 
hemorrhage of, 217 
infarctions of, 217 
Internal structure of, 205-209, 206f-208f 
level inferior to, 204 
posterior surface of, 205 
tumors of, 216-217 
veins of, 4 70 

Pontlne arteries, 467 
Pontine cistern, 447 
Pontine nuclei, 203, 207, 492 
Pontlne retlculosplnal tract, 156 
Positron emission tomography (PET), 26, 

26f 
of cerebrovascular disease, 474 

Postencephalitic parkinsonism, 317 
Posterior cerebral artery, 468 

occlusion of, 473 
Posterior clinoid processes, 194 
Posterior cochlear nucleus, 203, 207 
Posterior commissure, 253-254, 263 
Posterior communicating artery, 464 
Posterior external arcuate fibers, 149-150 
Posterior fontanelle, 191 
Posterior gray column, 4, 139-141 
Posterior gray commissure, 141 
Posterior horn of ventricles, 436, 439 

bulb of, 439 
median wall of, 439 
roof of, 439 

Posterior inferior cerebellar artery, 466 
Posterior lntercavernous sinuses, 424 
Posterior longitudinal ligament, 135 
Posterior median septum, 489 
Posterior median sulcus, 197 
Posterior nerve cell groups, 139-141 
Posterior neuropore, 15 
Posterior or sensory roots, 4 
Posterior perforated substance, 210 
Posterior radlcular artery, 472 
Posterior ramus, 13 
Posterior root, 12, 80 
Posterior root ganglion, 4, 12, 14-15, 34, 81, 

142,490 
Posterior spinal arteries, 466, 471-472 
Posterior splnocerebellar tract, 149 
Posterior white column, 4 
Posterior white matter, 141 
Posterolateral tract of Lissauer, 144, 146 
Postganglionic nerve endings, 393 
Postgangllonlc transmitters, 393-394, 393f 
Postsynaptic membranes, 51 
Postural hypotenslon, 4 73 
Postural sensibility, 114 
Posture, 102 

of Individual, 117 
Precentral area, cerebral cortex, 283 
Precentral gyrus, 258 
Precentral sulcus, 258 
Precuneus, 259 
Prefrontal cortex, 285, 289 

tumors or traumatic destruction of, 291 
Pregangllonlc transmitters, 39lf, 392, 392f 
Premotor area, cerebral cortex, 284 
Preoptic area, 373, 375 
Pressure pain, 114 
Pretectal nucleus, 327, 329, 3291, 406 

Pretectal nucleus, 213 
Primary auditory area (Brodmann areas), 287 

lesions of, 291 
Primary fissure, 229 
Primary lysosomes, 43 
Primary motor area, cerebral cortex, 1534 

154, 283-284 
Primary olfactory cortex, 327 
Primary somesthetic area, cerebral cortex, 

286 
Primary visual area (Brodmann area), 

cerebral cortex, 286-287 
lesions of, 291 

Procaine, 63, 112 
Programmed cell death, 16 
Projection fibers, 264-265 
Propranolol, 116, 394 
Prosencephalon,490 
Protoplasmic astrocytes, 55, 57f 
Pterion, 188, 507 
Pterygold hamulus, 191 
Pterygomaxlllary fissure, 188 
Pterygopalatine fossa, 188 
Pulvlnar of thalamus, 327, 328{, 363, 364f, 366 
Purkinje cells, 234-235, 239 

in cortex, 231-232 
Purkln)e neuron, 235 
Putamen,497 
Pyramidal cells, 279, 498 
Pyramidal tracts, 154, 165 
Pyramids, 165, 196,203,492 

decussatlon of, 196, 198-199, 199t, 2011 

Q 
Quadriplegia, 166 
Queckenstedt sign, 20, 456 

R 
Rabies, 62 
Radial fibers, 280 
Radicular arteries, 4 72 
Ram.I, 187, 195 
Ramus 

anterior, 13 
anterior ascending, 256 
anterior horizontal, 256 
posterior, 13 

Rapid transport, 43 
Raynaud disease, 409 
Reaction of degeneration, 109, 166 
Receptive aphasia, 290 
Receptor endings, 84-93 

anatomical receptor types, 84-89 
encapsulated receptors, 85--89 
free nerve endings, 84, BSF 
hair follicle receptors, 84-85, 86~7f 
Meissner corpuscles, 87-88, 87f-88f 
Merkel discs, 84, 8Sf-86f 
nonencapsulated receptors, 84-85 
Paclnlan corpuscles, 88, 88f-$9f 
Ruffini corpuscles, 88-a9 

classification and comparison, 84t 
cutaneous receptor functions, 89 
joint recptors, 89 
neuromuscular spindles, 89-90, 90~If 

annulospiral endings, 89-90 
extrafusal fibers, 89 
flower-spray endings, 90 
function, 90-92 
lntrafusal fiber control, 92 
lntrafusal fibers, 89 
nuclear bag fibers, 89 
nuclear chain fibers, 89 
stretch reflex, 92 

neurotendlnous spindles (Golgl tendon 
organs),92-93 

sensory stimuli, transduction into nerve 
impulses, 89 

Receptor potential, 89 
Reciprocal Inhibition, 92 
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Rectum, effect of autonomic system on, 397t, 
400-401,401( 

Red nucleus, 157, 214, 253, 494 
Reflex (es) 

defined, 160 
disturbances of, 242 

Regeneration of autonomic nerves, 407 
Relative refractory period, 46 
Renal plexus, 389 
Renshaw cells, 54, 63 

lower motor neuron Inhibition and, 162 
Replacement gliosis, 57 
Residual bodies, 43 
Resting membrane potential, 44 
Resting muscle fiber, 97 
Reticular activating system, 301 
Reticular alerting mechanism, 292 
Reticular formation, 156, 299-301, 494 

afferent projections, 300-301, 300f 
arrangement,299-300,300( 
autonomic nervous system control, 301 
biological clocks,influence on, 301 
efferent projections, 301 
endocrine system control, 301 
facial expression muscles control, 301 
functions, 301 
lateral column, 299, 300( 
medial column, 299, 300f 
median column, 299, 300f 
reticular activating system, 301 
skeletal muscle control, 301 
somatic sensation control, 301 
visceral sensation control, 301 

Reticular nucleus, 366 
Reticulospinal fibers, 157 
Retlculosplnal tract, 156-157, 156F 
Retina, ganglionic layer of, 327, 328( 
Retrograde degeneration, 106 
Retrograde transneuronal degeneration, 

109 
Retrograde transport, 49 
Rhinal sulci, 260 
Rhombencephalon, 490 
Rhombic lips, 492 
Rods,visual system, 327 
Rostrum of corpus callosum, 262 
Rubrospinal tract, 154, 157-158, 158{, 199 
Ruffini corpuscles, 88-a9 

s 
Sacral nerve, 12 
Sacral plexus, 13, 112t 
Sacrum, 20f 
Sagittal suture, 187, 190 
Salivatory nucleus, 325 
Saltatory conduction, 47 
Satellite cells, 81, 490 
Satiety center, 381 
Schizophrenia, 291, 306 
Schmidt-Lanterman lnclsures, 73, 78f 
Schwann cell, 72, 79 

cytoplasm, 73, 78f 
Sciatica, 18 
Scopolamine, 63, 115 
Secondary auditory area (auditory 

association cortex), 287 
lesions of, 291 

Secondarylysosomes,43 
Secondary motor area, cerebral cortex, 153t, 

154, 283 
Secondary olfactory cortex, 327 
Secondary somesthetlc area, cerebral cortex, 

286 
Secondary visual area (Brodmann areas), 

cerebral cortex, 287 
lesions of, 291 



524 Index 

Second-order neurons, 142, 144-146, 149, 
152-153,325--326 

Segmental innervation 
of muscles, 100-101, 508-510 
of skin, 98 

Segmental spinal arteries, 4 72 
Sella turclca, 194 
Sensory cortex, 256, 291 

primary, 286 
lesions of, 291 

secondary, 286 
lesions of, 291 

vertical units or columns of, 283 
Sensory decussation, 149 
Sensory fibers, 12, 81 
Sensory ganglia, 14-15, 81 
Sensory innervation of muscle spindles, 89 
Sensoryloss,369 
Sensory modality examination, 113-114 
Sensory nuclei, 342, 3421 

ofcranialnerves,325-326 
Sensory perception abnormalities, 116 
Sensory receptors and age, 113, 113t 
Sensory recovery, 109 
Sensory root, 204 
Septum pellucidum, 262, 265, 304, 439, 498 
Serotonin, 145-146, 235 
Sexual disorders, 382 
Shaken baby syndrome, 22-23 
Shock, physical and psychologic, 473 
Short association fibers, 264 
Short ciliary nerves, 329, 397 
Sigmoid sinus, 194-195 
Sigmoid sinuses, 423 
Skeletal muscle 

antichollnesterases acting on, 115 
control, 301 
denervation supersensltivtty of, 115 
fiber contraction, 97 
innervation, 93-94 

motor unit, 93-94, 93f 
sensory fibers, types of, 93 

motor endplates, 96, 961, 97 
drugs and diseases affecting, 1141 

motor nerve and, 115 
nerve control, 115 
nerve supply and blood supply to, 93 
neuromuscular blocking agents acting on, 

114-115 
segmental innervation of muscles, 100-101, 

508-510 
Skeletal neuromuscular junctions, 94-97, 94f 

action of drugs and other agents on, 
114-115, 114t 

anticholinesterases, action on, 115 
bacterial toxins, action on, 115 

Skin 
effect of autonomic system on, 397t 
segmental Innervation of, 98 

Skull anatomy 
adult, 185--191, 189f 

anterior view, 186-187, 186f 
cranium, 186 
external and Internal tables, 185 
facial bones, 186 
inferior view, 190-191, 190f 
lateral view, 187-188, 188f 
posterior view, 188-190 
superior view, 190 
sutures, 185 

neonatal, 191, 1931 
openings In base of, 195t 

Sleep, 292 
disturbances, 267, 382 

Slow pain, 145-146 
Slow synaptic potentials, 392, 392f 
Slow transport, 43 

Small Intensely fluorescent (SIF) cells, 391 
Smooth endoplasmic reticulum (SER), 38(, 

39, 401 
Sole plate, 94 
Somatic afferents, 376 
Somatic motor fiber, 325 
Somatic pain, 164 
Somatic sensation control, 301 
Somatosensory pathways, 143, 143t 
Somesthetic association area, cerebral 

cortex, 286 
lesions of, 291 

Space-occupying or expanding lesions within 
the skull, 23 

Spasms, 167 
Spasticlty, 166 
Speech disorders, 243 
Sphenoid, greater wing of, 187 
Sphenold air sinuses, 193 
Sphenoid bone, 193 
Sphenopalatine foramen, 188 
Spina biflda, 498-500, 499( 
Spina bifida occulta, 498-500 
Spinal cord, 1, 5f-7f, 15, 136-141 

acute injuries, 167 
amyotrophic lateral sclerosis (Lou Gehrig 

disease), 171 
anatomical features, 163 

organization of tracts, 1641 
anterior and posterior nerve root lesions, 

163 
anterior gray column of, 37f, 411 

motor neuron, 49f 
anterior median fissure of, 196 
arteries of 

anterior, 4 72 
posterior, 471-472 
segmental, 4 72 

ascending tracts, 142-152 
infury, 163-164 

central canal of, 196, 436 
clinical syndromes affecting, 169f 

anterior cord syndrome, 168 
Brown-S~quard syndrome (cord 

hemlsection), 169f-170(, 170 
central cord syndrome, 168-170, 169f 
complete cord transection syndrome, 

168 
destructive spinal cord syndromes, 

168-170 
spinal shock syndrome, 167-168 

compression of, chronic 
clinical signs, 167 
extradural causes, 167 

cortlcosplnal tract (pyramidal tract) 
lesions, 166 

descending tracts, 152-160, 152(, 153t 
anatomical organization, 153 
descending autonomic fibers, 154, 

159-160 
functions, 153-160 
lesions of, 166 
ollvosplnal tract, 154, 159, 160f 
rubrospinal tract, 154, 157-158, 158f 
tectosplnal tract, 154, 157, 1571 
vestibulospinal tract, 154, 158-159, 159f 

fetus with, Sf 
gray column, 137f, 138-141, 1391-1401 

accessory nucleus, 138 
anterior nerve cell groups, 138-139 
central canal, 141 
gray commissure, 141 
lateral nerve cell groups, 141 
lumbosacral nucleus, 138 
posterior nerve cell groups, 139-141 

gray matter, 2, 4 
anterior gray column or horn, 4 

central canal, 4 
posterior gray column or horn, 4 

injuries, 16 
lntersegmental tracts, 160--162 
lamination of ascending tracts,cllnlcal 

significance, 163 
lower motor neuron 

inhibition, 162 
lesions, 166 

lumbar part of, 7f 
meninges,425-428 

arachnoid mater, 426, 426f 
dura mater, 425-426, 426f-428f 
pia mater, 426, 426f 

multiple sclerosis, 171 
muscle tone, 165 

athetosis, 167 
chorea, 167 
dystonia, 167 
hemlballlsmus, 167 
hypertonia, 166 
hypotonia, 166 
myoclonus, 167 
spasms, 167 
tremors, 166 

muscular signs/symptoms,relationship to 
nervous system lesions, 166-167 

neural tube, 15 
oblique posterior view of, 13f 
pain 

acute, treatment of, 164 
chronic, treatment of, 164 
conduction In central nervous system, 

145-146 
conduction to central nervous system, 

145 
control in central nervous system (CNS), 

146 
fast, 145-146 
pathways, 142-145, 143f-144f 
perception of, 145-146 
slow, 145--146 
somatic, 164 
visceral, 164 

Parkinson disease, 171 
pernicious anemia, 171-172 
poliomyelitis, 171 
posterior view of, 12f 
protective covering of, 3f 
reflex arcs, 160--161 
Renshaw cells, 162 
segments 

vertebral numbers, 16 
site of a syphllltlc lesion on, 165f 
spinal nerves, 12 
structure,4, 137-138, 138t 
syrlngomyelia, 170--171, l 7lf 
tabes dorsalis, 165 
transverse section of, 139f-140f 
upper motor neuron lesions, 165 
veins, 472 
vertebral column radiography of 

computed tomography, 172, l 72f 
magnetic resonance imaging, 172, l 73f 
myelography, 172, 173f-l 74f 

vertebral numbers and spinal cord 
segments, SlOt 

voluntary movement, 165 
white matter, 2, 4, 137f, 141 

Spinal cord development, 488-490 
alar plate, 489 
anterior roots of spinal nerves, 489 
basal plates, 488 
cervical and lumbar enlargements, 490 
different stages, 489f 
floor and roof plates, 488 
forebraln vesicle, 488 



hindbrain vesicle, 488 
Intermediate zone, 488 
ligamentum denticulatum, 490 
marginal zone, 488 
meninges, 490 
midbrain vesicle, 488 
motor neurons, 489 
neural tube development, 488 
peripheral process and central process, 

489-490 
posterior roots of spinal nerves, 490 
sensory neurons, in posterior gray matter, 

489-490 
subarachnoid space, 490 
vertebral column, 490 

Spinal cord ischemia 
following abdominal aortic aneurysm, 479 
signs and symptoms, 474-479, 479/ 
thoracic aortic dissection and, 4 79 

Spinal lemnlscl/splnal lemnlscus, 145--146, 
204,209,211,214 

Spinal nerve, 12 
connection with spinal cord, 12, 12/ 
injuries, 109, llOt 
posterior root of, 490 
ram us 

anterior, 13 
posterior, 13 

rootlets, 4 
roots, 6f, 131, 135 

anterior or motor, 4, 80-81 
bundles of nerve fibers, 80-81 
cervical and brachia! plexuses, 13 
lesions, 163 
lumbar and sacral plexuses, 13 
posterior or sensory, 4, 80-81 
relationship between intervertebral disc 

herniations and, 510, 511t 
Spinal nerve Injuries 

cervical disc herniations, 17-18 
herniation of lntervertebral discs, 16-17 
lumbar disc herniations, lS-19 

Spinal root, 325t, 345--346, 346f 
Spinal stenosls, 172 
Spinal tap (lumbar puncture), 19-20, 23 
Spinal tract of trigemlnal nerve, 199, 203 
Spine, 132 
Spine of sphenoid, 191 
Splnocerebellar tract, 199 
Spino-olivary tracts, 151, 199 
Splnoretlcular tract, 150-151 
Spinotectal tracts, 150, 199, 204 
Spinothalamic tracts, 199 
Splnous process, 132 
Splanchnic nerves, 389 
Splenlum, 262 
Spontaneous lntracerebral hemorrhage, 22 
Squamotympanic fissure, 191 
Stellate cells, 231, 280 
Stereognosis, 114, 289 
Stomach 

effect of autonomic system on, 397t 400, 
401f 

pain, 410 
Straight sinus, 265, 419, 419(, 421/ 
Stratum zonale, 363, 364/ 
Striae, 303 
Stria medullaris, 445 
Stria medullaris thalami, 250, 250f, 255, 264 
Stria of Gennari, 281 
Striate cortex, 281 
Stria termlnalls, 304, 442 
Striate vein, 4 70 
Strlatonlgral fibers, 313(, 314 
Strlatopallldal fibers, 313!, 314 
Stupor, 292 
Stylold process, 187, 191 

Stylomastold foramen, 191 
Subarachnoid cisterns, 447 
Subarachnold hemorrhage, 22, 429, 474 
Subarachnold space, 3f, 4, 9, 19, 19!, 426, 447, 

448f 

blockage, 456 
development of, 490 
extensions, 450 

Subdural hematoma burr hole, 508 
Subdural hemorrhage, 22, 429 
Subllngual, submandlbular salivary glands, 

autonomic Innervation, 397t, 39S-399, 
398! 

Substance P, 144-145 
Substantia ferruginea, 205, 445 
Substantla gelatlnosa, 139, 199 
Substantia nigra, 209, 211, 214, 253, 494 
Subthalamic lesions, 267 
Subthalamlc nucleus, 253 
Subthalamus, 253 
Succlnylchollne, 115 
Sulc!, 10, 497 
Sulci of cerebrum 

calcarine sulcus, 256 
central sulcus, 256 
lateral sulcus, 256 
parieto-occlpltal sulcus, 256 

Sulcus chiasmatis, 194 
Sulcus Umltans, 197, 205, 445, 489-490, 4921 
Sulfonamide drugs, 457 
Superciliary arches, 186 
Superficial abdominal reflexes, 166 
Superficial middle cerebral vein, 470 
Superior articular processes, 133 
Superior brachium, 209 
Superior cerebellar artery, 468 
Superior cerebellar peduncles, 9, 205, 208 

decussation of, 210, 239, 239/ 
Superior cerebral veins, 423 
Superior cerebral veins, 470 
Superior colliculi/superior colliculus, 157, 

21 lfi-213(, 213-214, 213~ 327, 329(, 494, 
498 

Superior conchae, 187 
Superior frontal gyros, 258 
Superior frontal sulci, 258 
Superior longitudinal fasclculus, 264 
Superior medullary velum, 443, 445/ 
Superior nuchal lines, 190 
Superior orbital fissure, 193 
Superior parietal lobule, 258 
Superior petrosal sinuses, 195, 424 
Superior quadrantlc hemlanopia, 291 
Superior sagittal sinus, 191, 419, 419!, 42lf, 

422 
Superior salivatory, 325 
Superior semicircular canal, 194 
Superior temporal sulcl, 258 
Superior vertebral notch, 133 
Superior vestibular nucleus, 199 
Supplementary motor area, cerebral cortex, 

284 
Suprachlasmatlc nucleus, 376 
Suprameatal crest, 191 
Suprameatal spine, 191 
Suprameatal triangle, 191 
Supraoptic nucleus, 376 
Supraorbltal notch, 186 
Suprarenal gland medulla, effect of 

autonomic system on, 397t, 401-402, 
402/ 

Suprarenal medulla, 389 
Suprasplnous ligament, 135 
Sutural ligaments, 418 
Sydenham chorea, 315 
Sympathetic and parasympathetic ganglia, 81 
Sympathetic injuries, 406-407 
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Sympathetic nerve plexus, 424 
Sympathetic trunks, 389(, 390 
Symphysis menti, 191 
Synaptic blocking agents, 62-63 
Synaptic cleft, 96 
Synaptic glomeruli, 327 
Synaptic stripping, 107 
Synaptic transmission, modification of, 63 
Syringomyelia, 170-171, 171(, 408 
Syringomyelocele, 499 

T 
Tabes dorsalls, 165 
Tactile domes, 84 
Tangential fibers, 281 
Tanycytes, 59-60 
Tapetum, 262 
Taste area, 287 
Tectospinal tract, 154, 157, 157/ 
Tectum, 494 
Tegmental fibers, 377 
Tegmentum,205,209 
Tegmen tympani, 194 
Tela choroidea, 265, 425, 492 
Telencephalon, 490, 495(, 496 
Temperature testing, 114 
Temporal bone, 187 

tympanlc part of, 191 
Temporal burr hole, 507, 509/ 
Temporal fossa, 188 
Temporal lines, superior and Inferior, 188 
Temporal lobes, 193, 256, 258, 496 

dysfunction, 306 
primary auditory area (Brodmann areas), 

287 
secondary auditory area (auditory 

association cortex) , 287 
sensory speech area of Wernicke, 287 

Temporomandibular Joint, 195 
Tendon spindles, 101 
Tentorlal notch, 419, 419f 
Tentorium cerebelli, 192, 194, 256, 419, 419(, 

42lf, 496 
Terminal ventricle, 141, 436, 447 
Termor, 117 
Tetanus toxin, 112 
Tetracyclines, 457 
Tetraethylammonium block ganglia, 393 
Tetraethylammonlum salts, 63 
Thalamic hand, 369 
Thalamohypothalamic fibers, 377 
Thalamostriate fibers, 313(, 314 
Thalamostriate vein, 4 70 
Thalamus, 9, 249--254, 363-369, 364(, 496 

abnormal involuntary movements, 369 
activities of, 252 
anterior end of, 252 
arteries of, 468 
bralnstem, 364f 
cauterization, surgical relief of pain by, 

369 
connections, 366, 3671, 368/ 
functions of, 367-368, 367t 
general appearance, 363, 3641 
internal capsule of, 252 
interthalamic connection, 252, 363, 3641 
lateral genlculate body, 252 
lateral surface of, 252-253 
lesions of, 267-272, 2681-271(, 369 
medial surface of, 252 
nuclei of, 252/ 
pain, 369 
position and relations of, 364/ 
posterior end of, 252 
posterior view of bralnstem, 364/ 
pulvinar, 252, 327, 328(, 363, 364/ 
sensoryloss,369 
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Thalamus (Continued) 
subdivisions of, 252(, 253, 363--366, 364f 

anterior part, 365 
dorsal tier, nuclei, 366 
intralaminar nuclei, 366 
lateral part, 366 
medial part, 365 
midline nuclei, 366 
reticular nucleus, 366 
ventral tier, nuclei, 366 

superior surface of, 252 
thalamic hand, 369 

Thecal sac, 172 
Thermoreceptors,84, 142-145, 1431-144f 
Thiopental, 457 
Third-order neuron, 325-326 
Third-order neurons, 142, 145-146, 153 
Third ventricle, 254-255, 490 

anterior wall of, 254 
choroid plexuses of, 255 
inferior wall or floor of, 255 
lateral wall of, 254-255 
optic recess of, 254 
posterior wall of, 254 
superior wall or roof of, 255 
tela choroldea of, 255 

Thirst center, 381 
Thoracic aortic dissection, 479 
Thoracic nerve, 12 
Thoracic outflow, 395 
Tic, 117 
Tinel sign, 109 
Tonic spasm, 117 
Total blindness of one eye, 349, 350f 
Transneuronal degeneration, 103-109 
Transverse fibers of pons, 207 
Transverse pontine fibers, 492 
Transverse pontocerebellar fibers, 154 
Transverse process, 132, 135 
Transverse sinus, 195, 419(, 420, 421f 
Trapezoid body, 205, 207 
Traumatic brain injury, 22 
Tremors, 117, 166,241 
Triceps tendon reflex, 100, 508 
Trigeminal ganglion, 194 
Trlgeminal lemniscl, 211, 214 
Trigeminal nerve, 204, 332, 334(, 351 

course,335,335f 
distribution of, 335f 
motor component, 334-335, 334f 
motor nucleus of, 207 
nuclei, 332-333, 334f 

main sensory nucleus, 332-333, 334f 
mesencephallc nucleus, 333, 334f 
motor nucleus, 333, 334f 
spinal nucleus, 333, 334f 

principal sensory nucleus, 208 
principal sensory nucleus of, 208 
sensory components, 333-334, 334f 
spinal tract of, 199, 203 

Trigeminal neuralgia, 351 
Trochlear nerve, 209, 331, 351 

course,331-332,333f 
function, 324t 
nuclei, 331, 333f 

Trochlear nucleus, 210 
Tuber clnereum, 249, 254-255 
Tuberomammillary nucleus, hypothalamus, 

376 
Tufted cells, 327 
Tumors 

blood-brain barrier (BBB), 457 
fourth ventricle, 456-457 
neuron, 62 
peripheral nerve, 110-112 
peripheral nerves, 110-112 
pineal,267 

pons, 216-217 
prefrontal cortex, 291 

Two-point tactile discrimination, 113 
Tympanlc plate, 191 

u 
Unclnate fasclculus, 264 
Unconsciousness, 292 
Uncus, 260, 303 
Unilateral anosmla, 349 
Unipolar neurons, 33 
Upper lid, autonomic innervation of, 396, 

397r, 398f 
Upper limb arteries, effect of autonomic 

system on, 397~ 405, 405f 
Upper motor neurons, 153 

disease, 171 
Injury, 168 
lesions, 165-166, 317, 352f 
shock and response of, 168 

Urinary bladder 
dysfunction, 407 
effect of autonomic system on, 397t, 402, 

4031 
Uterus, effect of autonomic system on, 3971, 

403, 404(, 405 
Uvulonodular fissures, 229 

v 
Vagal triangle, 446 
Vagus accessory nerves, 204 
Vagus nerve, 343, 353 

course,344-345,345f 
distribution of, 345f 
function, 3251 
nuclei, 343 

main motor, 343, 344f-345/ 
parasy!Jlpathetic,343,344/-345f 
sensory, 343--344, 344f-345f 

Varicosities, 48 
Vascular lesions of midbraln, 217 
Vascular tela choroldea, 441 
Vasoconstriction, 377 
Vasogenic edema, 64 
Vasopressin hormones, 377 
Vault of cranium, 185 
Veins of brain, 469-470 

anterior cerebral vein, 470 
basal vein, 4 70 
choroid vein, 470 
deep middle cerebral vein, 470 
external cerebral veins, 470 
Internal cerebral veins, 470 
of specific brain areas, 4 70 
striate vein, 4 70 
superficial middle cerebral vein, 470 
superior cerebral veins, 470 
thalamostriate vein, 4 70 

Venouslacunae,423 
Venous sinuses, 418, 419f 
Ventral anterior nucleus, 366 
Ventral lateral nucleus, 366 
Ventral posterior nucleus, 366 
Ventral posteromedial nucleus, 366 
Ventricle, lateral, 10, 260, 436-440, 44lf, 

490 
anterior horn of, 436, 439 
body of, 436-439 
choroid plexus of, 439-440 
development of, 495 
disorders of, 267 
floor of, 439 
Inferior horn of, 436, 440 
posterior horn of, 436, 439 
roof of, 439 

Ventricular system 
central canal, 44 7 

cerebral aqueduct (aqueduct of Sylvius), 443 
fourth ventricle, 443, 444f-445f 
lateral boundaries, 443 
lateral ventricles, 436-440 

anterior horn of, 436, 439 
body of, 436-439 
choroid plexus of, 439-440 
floor of, 439 
inferior horn of, 436, 440 
posterior horn of, 436, 439 
roof of, 439 

posterior wall (roof), 443 
rhomboid fossa (floor), 445-447 
third ventricle, 440-443 

choroid plexuses, 441-443 
Ventricular zone, spinal cord, 488 
Ventriculogram, 456 
Ventriculography, 267, 456 
Ventriculostomy, 510/ 

technique, 508 
Ventrolateral nucleus of thalamus, 239-240 
Vermis, 9, 492 
Vermis syndrome, 243 
Vertebral arch, 132 
Vertebral artery, 466-468 
Vertebral canal, 4 
Vertebral column 

composition, 132-135 
joints, 134, 134f 

innervation of, 135f 
intervertebral discs, 134-135 
ligaments, 135 
nerve supply, 135 
between two vertebral arches, 135 

lateral view, 133f 
ligaments, 135 
posterior view, 132f 
typical vertebra, 132 
vertebrae, 132-134, 133/ 
vertebral arch, 132 
vertebral foramen, 132 

Vertebral foramen, 132 
Vertebral joint nerve supply, 135 
Vertebrobasilar artery occlusion, 473 
Vestibular area, 287, 445 
Vestibular nerve, 339, 339f 

function, 325t 
vestibular nuclear complex, 339--340, 

339/ 
Vestibular nuclear complex, 199-203, 

339-340,339f 
Vestibular nuclei, 158-159 

medial and Inferior, 203 
Vestibulocochlear nerve, 204, 339-341, 

352-353 
course, 341, 341f 
distribution, 341/ 
disturbances of, 353 
function, 3251 

Vestibulospinal tract, 154, 158-159, 159(, 199, 
240,340 

Visceral afferent nucleus, 140 
Visceral afferents, 376 
Visceral pain, 164 
Visceral sensation control, 301 
Visceral sensory tracts, 149r, 151-152 
Visual acuity, 349 
Visual afferents, 376 
Visual cortex, 327 
Visual fields, 349 
Visual pathway lesions, 349 
Visual pathway neurons, 327-328, 328f 
Visual reflexes, 328-331, 329f 

accommodation reflex, 329-330, 329f 
consensual light reflex, 329, 329f 
corneal reflex, 330, 330f 
direct light reflex, 328, 329f 



pupillary skin reflex, 331 
visual body reflexes, 330--331, 330! 

Vomer, 190 

w 
Wallerian degeneration, 105 
Wasting, 382 

muscle, 117 
Weber syndrome, 217, 218! 
Wernicke area, 287, 288! 

lesions of, 290-291 
White column 

anterior,4, 141, 155, 157-158, 160, 164f, 
198-199 

lateral, 4, 141, 149-150, 154, 159-160, 
l 64f, 170--171, 172, 199, 237-238 

posterior, 4, 141-142, 147-149, 160, 164(, 
167-168, 170, 172 

White matter, 2, 4, 137f, 141, 260, 262-265 
anterior, lateral, and posterior, 141 
association fibers, 264 
commissure fibers, 262-264 
internal capsule of, 250 
nerve fiber tract arrangement, 141, 141! 
posterior, 147-149 
projection fibers, 264-265 
white columns, anterior, lateral, and 

posterior, 4, 7f 
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White rami communicantes, 331, 
388 

Winding up phenomenon, 145 

x 
Xanthochromia, 456 

y 
Young child's skull, 20 

z 
Zygomatic arch, 187 
Zygomatlc bone, 187 
Zygomatic process, 187 
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