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Chapter |
Introduction to Gross Brain
Anatomy

» INTRODUCTION

Of all the organ systems in the body, the central nervous system
has the most varied topography and structure. Encased in a bony
vault that limits its expansion during development, the tissue of the
central nervous system forms numerous convoluted surface folds.
From these intricate structures, the brain and spinal cord, arise the
complexities of human reflexive, emotive and motivational behav-
ior. Damage to these intricate structures results in significant be-
havioral and physiological deficits in humans. The primary goal
of this manual is to approach an understanding of nervous sytem
functions by studying the deficits in human performance that re-
sult from neurologic damage.

Embryologic studies have demonstrated that the adult central ner-
vous system can be divided into a hierarchy of functional levels
(Moore and Persaud, 1998; also see Figure 1-11). Each level in the
developmental hierarchy is contained within one of three meninge-
al compartments: supratentorial, infratentorial, or vertebral (Table
1-1). At any level on the neuraxis, alterations in structure due to
vascular accidents, mass occupying events (e.g., tumors or abscess-
es), or degenerative processes amongst others can occur. These
events, which generally are destructive to neural tissue, have been
referred to as lesions. When a lesion occurs in the nervous system,

the patient presents neurologic signs and symptoms that represent
specific clues to the location of the damage. Treatment and need
for long term care is based, to a great degree, on the localization
of the injury. Associating specific neurologic clinical signs with
lesions of specific levels of the neuraxis requires knowledge of the
neuroanatomy of a given area and of what happens when the brain
attempts to work with damaged structures (Damasio and Dama-
sio, 1989). Knowledge of the meningeal compartments and their
contents can assist in localizing the general region of neurologic
damage in a patient.

This chapter is focused on two goals. First, it examines the major
neural structures contained within each meningeal compartment,
associating them with their general functions. Second, a gener-
al scheme of cerebral vascularization is described. Ultimately we
seek to integrate these two items together such that you can asso-
ciate the loss of a specific artery to the clinical presentation of the
patient. Although at this point you may not fully understand the
function of structures presented in this chapter, gaining familiarity
with their location will greatly benefit you in the remaining chap-
ters of this manual. In keeping with the overall goal of the text, our
exploration will be done in the context of a case study involving
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damage to the human neuraxis.

GENERAL OBJECTIVES

The major objective of Chapter One is simply an overview of cen-
tral nervous system anatomy in relation to its surrounding men-
ingeal compartments and a general outline to the cerebral vascu-
lar anatomy. It is not intended for memorization at this time. A
general knowledge of this material will be helpful in organizing
material presented in later sections. The specific objectives of this
chapter are as follows:

1. To describe the nervous system in terms of its six major
levels of organization and function (Table 1-1)

2. To learn general types of clinical defects resulting from
damage in each of the six major levels in the neuraxis

3. To understand the distribution of cerebral blood vessels
and to know where extravasated blood accumulates in the
cerebral vault

INSTRUCTIONS

In this chapter you will be presented with one or more clinical case
studies. Each one will be followed by a list of questions that can
best be answered using knowledge of regional and functional neu-
roanatomy and by referring to outside reading material. Following
the questions will be a section devoted to structures from a specific
region of the central nervous system. Before attempting to answer
the questions, compile a list of the patient’s neurologic signs and
symptoms; then examine the structures and their functions and
study their known clinical deficits. After you are familiar with the
material, re-examine the list of neurologic signs and symptoms
and formulate answers to the questions. Be aware that some of the
questions can have multiple responses or require information be-
yond the scope of this manual. It may be necessary to obtain ma-
terial or advice from additional resources, such as specialty texts, a
medical dictionary or clinical instructors.

MATERIALS

1. One complete human brain and spinal cord

2. One brain sectioned in the mid-sagittal plane

Embryonic Structure Adult Structure Meningeal Compartment
Spinal Cord Spinal Cord Vertebral Compartment
Myelencephalon Medulla Infratentorial Compartment
Metencephalon Pons Infratentorial Compartment
Metencephalon Cerebellum Infratentorial Compartment
Mesencephalon Midbrain Infratentorial Compartment
Diencephalon Thalamus Supratentorial Compartment
Telencephalon Cerebral Hemispheres Supratentorial Compartment

Table 1-1 The major levels of the central nervous system, their embryonic origin, and the meningeal compart-

ment in which they are contained in adult life.
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Case Study 1-1

Chief complaint
A 74-year-old retired lawyer was brought into a small community clinic in northern Maine complaining of a pain on
the right side of his head and weakness on the left side of his body.

History of chief complaint

He had had mild hypertension for several years but was otherwise in excellent health. He had been in Maine on a
hunting trip for the previous 3 days. On the day of admission he had been walking back to camp in a heavy snowfall
when he suddenly developed pain behind the right ear, along with weakness of the left side of his body, greatest in his
arm, and a dysarthria. He was brought immediately to the clinic, where a Physician Assistant examined him. He was
observed to be afebrile, to have a pulse rate of 88 beats per minute, regular breathing at a rate of 16 respirations per min-
ute and blood pressure of 200/112 mmHg. He was awake, oriented, and followed commands. His speech was slurred,
but meaningful. He complained of a steady, moderately severe pain above and behind the right ear. His head and eyes
deviated moderately to the right at rest, and there was a notable left homonymous hemianopsia.

Review of Systems

The patient denied any recent history of trauma, headaches, or dizzy periods. He admitted to consuming one to two
bottles of beer each evening on the hunting trip, but denied consistent use of alcohol in his daily life. He also denied
the use of any illicit drugs and was not taking any prescription medications. Otherwise the ROS was unremarkable.
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Physical Examination on Presentation

He was able to track a moving object with his eyes throughout the full visual field on the right and just past the midline
to the left, but could not volitionally follow a traget into the the remainder of the left visual field; however, with the doll’s
head maneuver, his eyes could be directed into the left visual hemisphere. The pupils were unequal, the right being 2
mm and the left, 3 mm; both reacted to light. His speech was dysarthric, but speech content was meaningful. Sensation
was reduced in the left side of the face and cornea. There was a moderately severe, flaccid left hemiparesis interrupted
intermittently by clonic movements of the leg and tonic flexor movements of the left arm. Stretch reflexes on the left
side were reduced, but the plantar response was extensor. A patchy diminution of primary sensory modalities was
present on the left arm.

Follow-up

Within an hour of admission, the patient was having periodic decorticate posturing on the left side. The right plantar
response had become extensor. He gradually lost consciousness; within 4 hours of admission he was unresponsive
except to noxious stimuli. At first, painful stimuli produced extensor responses on the left but decorticate responses
on the right; however, this pattern finally transformed into bilateral extensor posturing, slightly more pronounced on
the left than on the right. By this time, the right pupil had dilated and fixed in an oval shape, being 7 mm vertically and
3 mm horizontally. Minimal oculomotor responses could be elicited to cold caloric stimulation, and the patient was
hyperventilating. Blood pressure had risen to 235/150 mmHg.

One hour after entering the clinic, preparations were begun for emergency transfer to Bangor, Maine, the closest major
medical center, however, due to the snowstorm air travel was impossible and ground transportation was slow. Treat-
ment with mannitol was started, and during the next hour the patient’s condition stabilized, except that the right pupil
became round and regained a minimal reaction to light. In route to Bangor, the patients blood pressure dropped to
160/60 mmHg, he began to vomit, and his temperature rose to 39.6 degrees centigrade. He began to sweat profusely,
and within 6 hours of initial presentation at the clinic, the decerebrate responses had become less intense, the pupils
were fixed, slightly irregular at 3 to 4 mm in diameter and unequal, oculocephalic responses were absent, and respira-
tion was quiet and shallow.

Within 8 hours of admission to the clinic (2 hours into the trip to Bangor), respiration was ataxic, the pupils remained
slightly unequal, with no oculovestibular responses; and the patient was diffusely flaccid but had bilateral extensor
plantar responses and mild flexor response in the legs to noxious stimulation of the soles of his feet. He died 30 minutes

later while still in route.

Questions:

1. Has the patient experienced any changes in consciousness or cognition, language function or spatial recogni-
tion, personality or emotional behavior, or any loss in memory?

2. Does the patient exhibit any loss of vision, and if so, where in the visual field is the loss? Are there any visual
hallucinations present in this patient?

3. Are there any changes in cranial nerve function and if so, are they signs of suprasegmental or segmental level
defects?

4.  Are there any changes in motor function such as reflexes, muscle tone, movement, or coordination and if so,
are they signs of suprasegmental or segmental level defects?

5. Are there any changes in sensory function and if so, what levels of the body have experienced this change?

6. What is the clinical temporal profile of this patient’s neurologic problem; is the onset of neurologic findings
acute or insidious. Is the course of the neurologic disease chronically progressive, fluctuant or stable?

7. Based on the presenting signs and symptoms do you think the distribution of the neurologic pathology is
focal, multifocal or diffuse?

8. Based on the answers to these questions develop a differential diagnosis of the patient’s neurological problem?

9. Ifthe origin of the pathology is vascular, what arterial supply is involved with the lesion in this patient
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» DISCUSSION

Meninges — Coverings of the Brain and Spi-
nal Cord

The tissue of the central nervous system is contained within a bony
vault called the cranium and vertebral canal. Between nervous tis-
sue and bone can be found three general layers of protective cov-
erings or meninges (Figure 1-1). A rich vascular supply perfuses
the tissue within the cranial vault. Abnormal accumulation of
fluids such as extravasated blood, either between meningeal layers
(epidural, subdural, or subarachnoid) or within the nervous tissue
itself (intracerebral) will increase the pressure within the cranial
vault or vertebral canal. This increased pressure can compromise
function in surrounding neural tissue.

CLINICAL DISCUSSION: Increased intracranial pressure (ICP)
can be diffuse in origin such as in overall swelling of the brain
from infectious and inflammatory processes or expansion of the
ventricles secondary to overproduction or insuflicient removal of
cerebral spinal fluid. Conversely, increased ICP can be focal in
origin consequent to a hemorrhagic vascular event, an abscess or a
tumor. Although the initial clinical presentation can differ based
on the origin of the pathology - focal or diffuse - ultimate cardi-
nal manifestations of increased ICP are diffuse in nature including
headache, nausea and vomiting, ocular palsies, papilledema, visu-
al changes and mental status changes such as irritability, drowsi-
ness, obtundation and coma (Adams, Victor et al., 1997).

Dura

The dura mater is a tough outer covering of dense irregular con-
nective tissue surrounding the brain and spinal cord. The cerebral
dura is divided into two layers. The outer dura forms the perioste-
um (also termed endosteum) of the cranial vault (Figure 1-1 and
1-2). The outer layer of dura is also continuous through the fora-
men magnum and the cranial sutures with the periosteum on the
external surface of the cranium (Figure 1-1). The inner or menin-
geal dura for the most part is fused with the outer layer; however,
in specific regions it separates to create venous sinuses such as the
superior sagittal sinus (Figure 1-1). The falx cerebri and tentorium
cerebelli are both formed by the fusion of meningeal dural sheets
derived from the inner border of the venous sinuses (Figure 1-1).

In the vertebral canal the organization of the dural sheaths differ
from that of the cranial vault. The outer dural layer or periosteal
layer becomes the periosteum of the vertebral bodies; the inner
layer of dura continues into the vertebral canal as the meningeal
or spinal dura surrounding the spinal cord (Figure 1-3). An epi-
dural space exists between these two layers. This space is occupied
by fat and an elaborate plexus of veins termed the epidural plexus
of Batson. As the cranial and spinal nerves exit the dural sac and
pass through the intervertebral foramen (Figure 1-3), they acquire
sheaths derived from meningeal dura termed the epineurium.

CLINICAL DISCUSSION: The epidural space and its tortuous,
valveless venous plexus represent an area of venous potential stasis
where blood-borne pathogens and tumor cells can seed. A resul-
tant epidural abscess or epidural metastatic growth can eventually
compress the dural sac and its enclosed spinal cord or spinal roots
or compress a spinal nerve as it enters the intervertebral foramen.
Compression of the spinal cord is termed a myelopathy, while
compression of the spinal roots is a rhizopathy or radiculopa-
thy, and compression of a spinal nerve, a neuropathy. Typical
manifestations of a myelopathy involve intense pain at the level of
the lesion with sensory and motor loss expressed below the level
of the lesion (Brazis, Masdeu et al., 1996a). Conversely, rhizoto-
mies and neuropathies present with sensory or motor deficits at or
around the segmental level of the lesion.

Anytime a patient presents with slowly evolving signs of spinal
cord compression (myelopathy), epidural abscess or epidural tu-
mor secondary to metastatic spread should be in the differential.

Arachnoid

The arachnoid can be divided into two layers, the outer of which
is a delicate membrane located internal to and adhered to the in-
ner dura (Haines, Harkey et al., 1993). A potential space exists
between these two layers of tissue but it appears to be fused during
life. Many bridging veins cross this space (Figures 1-1 and 1-4).
During a traumatic event, the dura moves with the cranium and
the arachnoid moves with the brain. The shearing forces devel-
oped between these two meningeal layers can rupture some of the
bridging veins, initiating a subdural hematoma. The inner lay-
er of arachnoid consists of many delicate trabeculae that extend
through the subarachnoid space to reach the pial surface. Blood
vessels traverse the inner portion of the arachnoid supported by
the labyrinthine trabecular network. It is around the arachnoid
trabeculae that cerebrospinal fluid (CSF) circulates. The internal
border of the CSF compartment is the pial layer.

Pia

The pia is a thin, smooth layer of connective tissue closely adher-
ent to the surface of the brain and spinal cord (Figure 1-5). Its
inner surface is fused to the end-feet of astrocytes (small support-
ing cells contained within the brain and spinal cord) and thus is
closely adhered to the central nervous system.

CLINICAL DISCUSSION: The area under the arachnoid mem-
brane, termed the subarachnoid space, contains cerebrospinal flu-
id. The large cerebral arteries pass through this space. Rupture of
a cerebral artery in the subarachnoid space produces a subarach-
noid hemorrhage (SAH). Since extravasated blood is an irritant

to the meninges, SAHs often present with an extremely painful
headache.
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Figure 1-1 A diagram of a midline, coronal section taken through the head illustrating the three layers of meninges
and the bony cranium. Note the split in the dura as the outer layer adheres to the cranial bones and the inner layer
joins together to form the superior sagittal sinus (SSS). The position of the bridging (cerebral) veins as they pass from
the cerebrum through the meninges to the sinus makes them vulnerable to rupture. (Figure modified from Parent, A.
Carpenter’s Human Neuroanatomy, Williams and Wilkins, Baltimore, 1996.)

Infection or inflammation of the spinal arachnoid is termed spinal
arachnoiditis. This condition is characterized by opacification and
thickening of the spinal arachnoid membrane. Ultimately, adhe-
sions can form that interfere with spinal cord and spinal root func-
tion. A burning, stinging or aching pain and impaired reflexes are
the cardinal manifestations of arachnoiditis. Weakness and muscle
atrophy can also occur, but are less frequent (Adams, Victor, and
Ropper, 1997).

Meningeal Compartments
Major folds in the dura help delineate several meningeal compart-

ments in the cranial vault and vertebral column (Figure 1-8 and
Figure 1-9). The falx cerebri divides the cranial cavity into left and

right supratentorial compartments and the tentorium cerebelli
separates the supratentorial from the infratentorial compartments.
The foramen magnum marks the transition from the compart-
ments of the cranial vault to the vertebral compartment.

Thin opaque sheets of pia, called denticulate ligaments, extend out-
ward from the lateral margin of the spinal cord and attach to the
dura (Figure 1-6 and Figure 1-7). As such, denticulate ligaments
serve to anchor the cord within the dural sac and are a surgical
landmark separating the dorsal and ventral roots of the spinal cord.
The most superior denticulate ligament extends upward through
the foramen magnum to attach to the inner wall of the occipital
bone.

In the vertebral canal, the organization of the dural sheath changes.
The outer dural layer of the cranial vault represents the periosteum
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Figure 1-2 A superior view (left) and lateral view (right) of the dural coverings of the brain. In this specimen the
bony calverium and head where dissected away from the dural sac leaving the sac with the brain contained within.
On the left the superior sagittal sinus is seen in dark blue while on the right image the meningeal arteries are present.
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Figure 1-3 The cervical vertebral column. The column was separated at the C3-C4 disc. This image is a superior
view of the C3/C4 disc and the superior articular processes of C4. The cervial spinal cord is seen in the center of the
vertebral canal and the C4 spinal roots and dorsal root ganglia are present in the intervertebral foramina. Also note
the position of the vertebral artery with respect to the dorsal root ganglion.
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Figure 1-4 The arachnoid layers and associated bridging veins. The arachnoid is a thin membranous velum of connective
tissue that surrounds the brain and spinal cord. Numerous vessels are contained between the arachnoid membrane and

the pia.

of the vertebral canal and, as such, surrounds the bony elements of
the vertebral column. A thickened lip of outer dura wraps around
the edge of the foramen magnum to fuse with the periosteum of
the outer cranium. Only the meningeal dural layer of the cranial
vault is continuous with the spinal dura through the foramen mag-
num. An epidural space containing an important venous plexus
(Batson’s plexus of veins) and adipose tissue separates the verte-
bral periosteum from spinal dura (Batson, 1940; Batson, 1957). As
the roots of the cranial and spinal nerves exit the dural sac they
become peripheral nerves and acquire sheaths of meningeal dura,
called the epineurium.

Supratentorial Compartment

The floor of the supratentorial compartment includes the orbital
plate of the frontal bone and the wings of the sphenoid bone in
the anterior cranial fossa (Figure 1-8), the squamae and anteri-
or petrous wall of the temporal bone in the middle cranial fossa,
and tentorium cerebelli. It is bound laterally and superiorly by the
calvarium (made up of the squamae of the frontal, parietal, tem-

poral, and occipital bones). Medially, the falx cerebri divides this
compartment into two partitions. The supratentorial compartment
contains the cerebral hemispheres, subcortical nuclei, and thala-
mus.

CLINICAL DISSCUSSION: A mass-expanding lesion in one of
the supratentorial compartments will tend to push the brain to-
ward the midline and under the falx cerebri. Axial plane, radiolog-
ical imaging of the head using either computed tomography (CT)
or magnetic resonance imaging (MRI) will demonstrate the falx to
be curved rather than straight with the concave side of the curve
facing the expanding compartment. Attempted movement of the
cerebral hemisphere under the falx, an event termed herniation,
can do significant damage to its medial aspect, especially where it
contacts the sharpened border of the falx.

Vertebral Compartment
The foramen magnum is the rostral boundary of the vertebral com-
partment (Figure 1-9). Caudally, this meningeal compartment ex-
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Figure 1-5 The arachnoid layer covers most of the surface of this brain with the exception of a small window cut

in the arachnoid to expose the underlying pia.

tends downward to the second sacral vertebra where the dural sac
fuses with the periosteum of the sacral canal. The lateral walls of
the vertebral compartment extend to the entrance of the interver-
tebral foramina, where the dura fuses with the spinal roots, form-
ing the epineurium of the peripheral nerve. Between the foramen
magnum and vertebral level S2, the anterior surface of the spinal
dura is intermittently adhered to the posterior longitudinal liga-
ment of the vertebral canal. Occasional straps of dura extend from
the posterior surface of the dural sac to pass through the epidural
space and attach to the periosteum of the vertebral canal. These
dural adhesions and straps have been implicated as a source of spi-
nal axial pain (Parke and Watanabe, 1990) and sciatica (Spencer,
Irwin et al., 1983) in the lumbar region. The spinal cord and the
dorsal and ventral spinal roots are contained within the vertebral

compartment. The dorsal root ganglia are located within the in-
tervertebral foramina at each vertebral level. The intermingling of
fibers from dorsal and ventral roots to form the spinal nerve also
occurs in the intervertebral foramen, at a point just distal to the
dorsal root ganglion.

CLINICAL DISCUSSION: Infection and inflammation of the
meninges is termed meningitis. This process can involve an asep-
tic inflammation or it can result from an infection of bacterial or
viral nature. Common bacterial agents are Streptococcus pneu-
moniae, Neisseria meningitides, group B streptococcus, Listeria
monocytogenes, and Haemophilus influenzae. Of these, Group B
streptococcus was the predominant pathogen among newborns, N.
meningitidis among children 2 to 18 years old, and S. pneumoni-
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Figure 1-7 The spinal cord. In the dorsal view of the spinal cord (left) the dorsal rootlets are seen gathering togeth-
er to form spinal roots. As the spinal roots pass over the edge of the denticulate ligament, they join with the ventral
roots to slip into the lateral recess of the dural sac. The lateral recess leads into the intervertebral foramen. The dor-
sal root ganglion will be located at the distal end of the lateral recess approximately midway along the intervertebral
foramen. The ventral view illustrates the ventral rootlets and the anterior spinal artery.

ae among adults (Schuchat, Robinson et al., 1997). The infection
usually involves the meningeal membranes and the underlying
cerebrospinal fluid. Outstanding clinical signs and symptoms of
meningitis include headaches, stiff neck and mental status changes.
Increased intracranial pressure is a significant concern in bacterial
meningitis (Quagliarello and Scheld, 1992). Diagnosis is usually
accomplished by sampling the CSF through a lumbar puncture and
culturing the removed fluids. Axial plane imaging can sometimes
reveal a thickening of the meningeal membranes.

Central Nervous System Organization

The brain and spinal cord contain an enormous three-dimensional
network of synaptic connections between neurons. In an excellent,
but somewhat dated article, Nauta and Feirtag succinctly review
the general features of central nervous system organization (Nauta
and Feirtag, 1979). At first glance, attempting to understand this
organization appears overwhelming. However, guiding principles,
established through phylogeny, can help sort out nervous system
structure and function. One of these principles, although not per-
fect, states that the major components of the brain develop in a
hierarchic array; each level of the hierarchy supplements and in-
fluences, but does not replace, those below it (Sarnat and Netsky,
1981).

The hierarchy of the CNS begins when the peripheral nerve roots
enter the spinal cord. The spinal cord, in the vertebral compart-
ment, forms the first level of processing in the central nervous sys-
tem (Figure 1-11). As the spinal cord passes through the foramen
magnum it transitions rapidly into the brainstem; this transforma-

tion is termed the cervicomedullary junction. The brainstem is
located in the posterior cranial fossa or infratentorial compartment
and is divided into three regions: medulla, pons and midbrain.
Mounted on the dorsal aspect of the brainstem and also contained
within the posterior cranial fossa, is the cerebellum, which means
little cerebrum (or little brain). Rostrally, the midbrain passes
through the incisor tentorium to become the thalamus and hypo-
thalamus. Lateral and slightly rostral to the thalamus sit two large
masses of neurons termed the corpus striatum (not visible on a
midsagittal section). Finally, draped over the thalamus and corpus
striatum, is the massive cerebrum the largest structure of the cen-
tral nervous system. It is covered with a thin layer of cells termed
the cerebral cortex.

A list of the general levels and their location by meningeal com-
partment is presented in Table 1-1. In this chapter, each level in
the central nervous system will be briefly examined and a general
statement concerning the neurologic deficits that occur when that
level is damaged will be presented. It is important to familiarize
yourself with these general deficits, since later chapters will give
a more detailed treatment of the lesion-induced clinical findings.

CLINICAL DISCUSSION: Each compartment of the nervous
system contains unique structures. Careful examination of the
patient and their neurologic findings can allow localization of the
lesion to specific compartments and in some cases to a specific
structure in a compartment. Importantly, using the compartments
as a frame of reference allows for more accurate ordering of imag-
ing studies to confirm your diagnosis. For this reason, it is critical
to associate specific neurologic findings with specific structures in
each compartment.
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Figure 1-8 An oblique lateral view into the cranial cavity illustrating the continuity between the falx cerebri and
the tentorium cerebelli. The black lines mark the approximate borders of the tentorium. Note the sharp edge of the
inferior surface of the falx that continues to form the free border of the tentorium. This sharp edge can be very dam-
aging to the brain when it is driven onto that edge by swelling or a mass expanding lesion.

Spinal Cord

The spinal cord is an elongated column of nervous tissue extend-
ing ventrally from the base of the brainstem to the upper lumbar
portion of the vertebral canal. The cord is contained within the
vertebral meningeal compartment and transmits somatic sensory
information collected from peripheral nerves to the brain. It also
transmits descending instructions from the cerebral cortex and
brainstem to individual segmental levels of the spinal cord.

Each spinal segment represents that region of the cord serviced
bilaterally by the roots arising from a pair of spinal nerves (Fig-
ure 1-12). The spinal nerves enter the vertebral canal by passing
through the narrow intervertebral foramina. Within the foramen
lies the dorsal root ganglion; here the spinal nerve separates into
dorsal (sensory) and ventral (motor) roots. As the roots leave the
intervertebral foramen and enter the spinal canal they fan out,
forming rootlets. The latter join the cord over the space of approxi-
mately one inch (Figure 1-6 and Figure 1-7), a value that decreases
in the lower sacral and coccygeal regions of the spinal cord. The
entry zone for an individual root constitutes a spinal segment.

Sensory (or afferent) axons enter the spinal cord over the dorsal
root, while motor (or efferent) axons leave the cord over the ven-
tral root (Figure 1-6). Cell bodies for the sensory axons are found

in the dorsal root ganglion. Each ganglion is located in the dorsal
root at its junction with the ventral root in the intervertebral fora-
men (Figure 1-3). At each segmental level, a cross section of the
spinal cord will reveal an H-shaped core of gray matter surrounded
by vertical columns of white matter. The ventral gray, or ventral
horn, contains motoneurons that innervate skeletal muscle fibers
and associated interneurons that communicate with other segmen-
tal levels; the dorsal gray matter, or dorsal horn, contains neurons
(termed tract cells) that establish communication with the brain
and associated interneurons and is also used for communication
with other portions of the spinal cord. The surrounding white mat-
ter contains ascending sensory and descending motor tracts.

The spinal cord has two enlargements — cervical and lumbosacral
- to house the neural circuitry necessary to service the upper and
lower extremities, respectively. The narrowing of the cord in its
thoracic portion reflects the reduced skin sensitivity and reduced
muscle mass of this body region (fewer neurons are needed to man-
age this region of spinal cord). Distal to the lumbar enlargement,
the cord tapers into the conus medullaris and ends in a thin thread
termed the filum terminale. Since the spinal cord is shorter than
its housing, the vertebral column, the cord ends at approximate-
ly vertebral level L2. Consequently, the lumbar and sacral nerve
roots must course considerable distances along the vertebral canal
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Figure 1-9 The meningeal compartments of the nervous system. The posterior aspect of the calverium has been
removed and the vertebral column laminectomized. The dura has been excised leaving the dural sinuses. The arach-
noid has been left in place. The intervertebral foramina have been opened to expose the dorsal root ganglia and the
spinal nerves. Each of the four major compartments of the nervous system are visible.

before reaching their appropriate intervertebral foramina. This ar-
rangement gives these nerve roots the appearance of a horse’s tail,
termed the cauda equina.

The primary function of the spinal cord is to receive sensory in-
formation from the environment and to 1) relay this information
upward to the brainstem and thalamus and 2) generate protective
reflexes that are sent to the skeletal muscle of the body through the
ventral roots and spinal nerves.

CLINICAL DISCUSSION: Injury of the spinal roots, termed rhi-
zopathy, either in the vertebral compartment or as they exit the
intervertebral foramina into the periphery, can lead to a radicu-
lar (root) distribution of altered sensory experience and weakness

(Brazis, Masdeu et al., 1996b). The altered sensory experience can
be in the form of altered sensation presenting as either decreased
(hypoesthesia) sensitivity or increased sensitivity (hyperesthesia),
an abnormal quality of sensation (paresthesias), or flank pain
(Spence, 1984). The areas affected reflect the afferent distribution
of the specific root or peripheral nerve injured. Spinal nerve inju-
ries can either be mononeuropathies (isolated spinal nerve), poly-
neuropathies (numerous bilaterally symmetrical spinal nerves) or
mononeuropathy multiplexes (multiple, non-symmetric spinal
nerve involvement).

Injury to the spinal cord can result in three general categories of
deficit. Sensory and motor loss form the first category and are
considered objective neurological findings since they can be quan-
tified. Incontinence of bladder and bowel are the second and rep-
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Figure 1-10 A lateral view of the head illustrating the supratentorial and infratentorial compartments. The calve-
rium and occipital bone were removed and the dura was excised leaving the dural sinuses, falx and tentorium. The
right cerebral hemisphere was also removed. The supratentorial compartment lies above the tentorium and contains
the cerebral hemisphere. The infratentorial compartment lies under the tentorium and houses the cerebellum and
brainstem.
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Figure 1-11 This is a sagittal view of the bisected brain. The brainstem extends upward from the foramen mag-
num to embed in the ventral aspect of the cerebrum. Posteriorly the cerebellum is attached to the brainstem while
anteriorly the brainstem lies on the clivus of the basicranium. The brainstem is divided into three, embryologically
defined regions - the medulla, pons and midbrain. The thalamus, located at the rostral end of the brainstem, is con-
sidered to be part of the cerebrum.

resents a loss of function in the autonomic nervous system. The
third cardinal manifestation of spinal cord injury is pain that can
be of a very intense nature and constant in duration, unrelated
to any peripheral stimuli (Woolsey and Young, 1991). This latter
situation is the most debilitating aspect of spinal injury.

Transection of the ascending or sensory tracts in the spinal cord
can lead to loss of pain (to peripheral stimulation) and tempera-
ture sensation, discriminative touch, and proprioception. In gen-
eral, the loss of sensation consequent to cord damage is broadly
distributed, occurring at or below the segmental level of the lesion
(termed a level-down pattern) and can involve a complete loss of
function. Compare this pattern to the restricted band-like or seg-
mental loss of function that results when a specific root or periph-
eral nerve is lesioned. In a spinal cord injury, the horizontal line
across the body, below which sensory functions are diminished, is
referred to as a “sensory level” Irritation, as opposed to transec-
tion, of sensory tracts in the spinal cord can present with painful
paresthesias instead of sensory loss (DeMyer, 1979). Intense pain
approximately at the segmental level of the spinal cord injury is
a common occurrence, especially if the injury is due to vertebral
fracture, spinal hemorrhage or infarction, intervertebral disk her-

niation, epidural abscess, tumor, or a degenerative disease such as
spondylosis or syringomyelia (Woolsey and Young, 1991).

Damage to the motoneurons of individual spinal segments can
present as weakness and flaccidity expressed in the muscles in-
nervated from that segment. Typically the tendon reflexes are
diminished or absent. Damage to descending fiber tracts from
suprasegmental structures can result in weakness and spasticity
for muscles innervated by motoneurons located below the level
of the lesion, typically the tendon reflexes below the level of the
lesion are hyper-reactive (see Chap. 2 for further discussion of
this concept).

Complete destruction of the brain above the spinal cord leads to
a state of flaccid paralysis — all muscle tone and reflexes are lost.
Such a state was seen in the terminal stages of the patient in Case
1-1. He lost all muscle tone in his body shortly before dying.

Medulla

The medulla is located in the infratentorial compartment and
represents the most caudal portion of the brainstem (Figure 1-13,
Figure 1-14 and Figure 1-15). Distally it forms the spinomedul-
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Fgure 1-12 This is a posterior view of the central nervous system following the removal of the posterior aspect of
the cranium and laminectomizing the vertebral canal. One half of the cerebellum has been removed to reveal the
brainstem. The cervical intervertebral foramina have been opened to expose the intervertebral canal.

lary or cervicomedullary junction with the spinal cord and rostrally
it joins the pons at the pontomedullary junction. The medulla con-
tains ascending sensory tracts to the cerebrum and cerebellum and
descending motor tracts to the spinal cord, as well as the central
nuclei related to the eighth, ninth, tenth, and twelfth cranial nerves.
Portions of the trigeminal nuclei (fifth cranial nerve) extend infe-
riorly from the pons to pass through the medulla. Two longitu-
dinal ridges along the midline characterize the ventral surface of
the medulla; these are the pyramids containing corticospinal fibers
(Figure 1-14). Lateral to each pyramid at the rostral end of the me-
dulla is a tubercle called the olive, which marks the location of the
massive inferior olivary nucleus. The hypoglossal nerve exits the

brainstem between the olivary tubercle and the pyramid. The
glossopharyngeal and vagus nerves leave the brainstem dorsal
to the olivary tubercle and the vestibulocochlear nerve exits
the brainstem at the pontomedullary junction.

The salient features of the dorsal surface of the medulla (Fig-
ure 1-13) are the gracile and cuneate tubercles along the infe-
rior portion of the fourth ventricle. These tubercles are locat-
ed at the superior end of the gracile and cuneate fiber tracts,
respectively, and mark the site of two large, sensory nuclei in
the brainstem, the nucleus gracilis and cuneatus. The walls of
the fourth ventricle approximate themselves inferiorly to form
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Figure 1-15 A sagittal view of the brainstem in a bisected
brain illustyrating the embryologic regions of the brainstem.

the obex, a surgical landmark. At the lateral extremes of the fourth
ventricle, and lying on the surface of the eighth cranial nerve, is the
dorsal cochlear nucleus - a component of the auditory system.

The core of the medulla (as well as the pons and midbrain) is com-

posed of the reticular formation. Its complex neuronal circuits are
involved in the control of cardiovascular tone (Andresen and Kun-
ze, 1994) and respiratory rate (Von Euler, 1986), pharyngeal and
laryngeal musculature, gastrointestinal secretions and mobility,
modulation of pain and emesis (Blessing, 1997) (also see Chapter
3).

CLINICAL DISCUSSION: Large lesions of the medulla will most
likely result in coma and death due to compression of surrounding
critical brainstem structures. Smaller, more contained lesions in the
medulla generally do not result in coma (Plum and Posner, 1982).
Instead, they can present as primary sensory loss (proprioception
and vibratory sense) from the body and face; loss of motor con-
trol (spastic paralysis) in the limbs; loss of pain and temperature
sensations (analgesia) from the body and face; loss of hearing or
balance; speech (dysarthria) and swallowing (dysphagia) disorders;
or paralysis of tongue movement (Brazis, 1996). Since the medul-
la also contains respiratory and cardiovascular control circuits,
their damage can result in cardiac arrhythmias and dyspnea, even-
tually leading to death. The unfortunate patient can remain con-
scious throughout much of this process (Plum and Posner, 1982).
Descending fiber tracts from the hypothalamus involved with the

Figure 1-16 A sagittal view of the thalamus illustrating the
major regions located at the rostral end of the brainstem.

autonomic nervous system pass through the medulla; hence med-
ullary lesions can also result in dysautonomic symptoms.

Apneic breathing (Cheyne-Stokes respiration) is characteristic of
medullary destruction. This form of breathing was seen during
the terminal minutes of life in the patient presented in Case 1-1.

Pons

The pons is located ventral to the cerebellum in the infratentorial
compartment (Figure 1-11, Figure 1-13, Figure 1-14 and Figure
1-15). Its external features are dominated by three large cerebellar
peduncles - inferior, middle and superior. The pons contains ma-
jor ascending sensory and descending motor fiber tracts intercon-
necting spinal cord, cerebral cortex, and cerebellum. In addition,
it contains the central nuclei related to the fifth, sixth, seventh, and
portions of the eighth cranial nerves. The reticular formation of
the pons contains the caudal portion of a major cerebral activating
system. This system functions to arouse and maintain the level of
activity in the supratentorial structures, such as the thalamus and
cerebral cortex.

The dorsal surface of the pons forms the floor of the fourth ventri-
cle (Figure 1-13). It is marked by the median eminence and sulcus
limitans. The roof covering the fourth ventral is the cerebellum.

On the ventral surface of the brainstem, the large middle cerebellar
peduncle is seen prominently wrapping around the pons (Figure
1-14). The vestibulocochlear and facial cranial nerves leave the
pons laterally along the pontomedullary border while the abdu-
cens nerve exits medially. The trigeminal nerve exits the pons by
penetrating the middle cerebellar peduncle laterally. The neuro-
nal circuitry in the reticular formation, surrounding the cranial
nerve structures of the pons, is involved in controlling postural
musculature and in directing horizontal (lateral) eye movements
(see Chapter 4).

The architecture of the pons is dominated by numerous large fiber
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Figure 1-17 A lateral view of the brain illustrating the major lobes of the cerebrum. The black line marks the cen-
tral sulcus, the border between the frontal lobe and the parietal lobe. The boundary between parietal, occipital and

temporal lobes is very arbitrary.

tracts connecting the spinal cord, thalamus, cerebral cortex and
cerebellum. Some of its intrinsic functions involve cardiovascular
and respiratory control.

CLINICAL DISCUSSION: Large, bilateral lesions of the pons
that damage the reticular activating system most likely will result
in coma and death. Smaller, more confined lesions, especially if
they are unilateral, can have several different presentations, such
as: loss of primary, sensory modalities (vibratory sense, discrimi-
native touch, and proprioception) as well as pain and temperature
sensations from the body and face, aberrant motor control (atax-
ia or paralysis) of the limbs, facial paralysis, paralysis of the jaw,
lateral gaze palsies, or internal strabismus (esotropia) of the eye.
Finally, if the brain above the pons is severely damaged, the an-
ti-gravity structures in the pons (vestibular nuclei) will generate a
strong output, forcing the patient into extreme extensor posturing
also known as decerebrate posturing. Such posturing can be seen
in the late stages of the patient in Case 1-1.

Cerebellum

The cerebellum is located in the dorsal portion of the infratentorial
compartment, lying in the angle between the brainstem and ten-
torium cerebelli (Figure 1-11, Figure 1-12). It is divided into two
large hemispheres by a narrow vermis positioned on the midline.
The cerebellum is connected to the brainstem through three major
fiber tracts termed the superior, middle, and inferior cerebellar pe-
duncles (Figure 1-13 and Figure 1-14). Through these peduncles,
the cerebellum receives proprioceptive information from muscles
and joints via the spinal cord as well as programming instructions
from the cerebral cortex. Its function in motor control - comput-
ing the timing of muscle contractions for coordinated movements
— has been known for a long time, and more recently its role in the
cognitive processes of the brain have become apparent (Schmah-
mann and Sherman, 1998) (also see Chapter 5).

CLINICAL DISCUSSION: Lesions involving the hemispheres
of the cerebellum result in defects in the timing of muscle con-
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tractions, a condition terme termed ataxia. Cerebellar damage
can present as a breakdown of rapid hand or finger movement,
dysmetria, loss of balance, swaying, staggering, and intention
tremor. Lesions in the midline of the cerebellum can affect the
postural (truncal) musculature and eye movements (Biller and
Brazis, 1996). It has also been reported that lesions of the poste-
rior aspects and vermis can result in changes in executive func-
tions, spatial cognition and personality changes (Schmahmann
and Sherman, 1998); also see Chapter 5. The patient in Case 1-1
did not demonstrate any obvious signs or symptoms of cerebellar
dysfunction during his demise.

Midbrain

The midbrain is located at the rostral end of the brainstem (Figure
1-13, Figure 1-14 and Figure 1-15). It passes through the incisura
cerebelli (the large opening in the tentorium), thereby straddling
the border between the supratentorial and infratentorial compart-
ments (Table 1-1). The midbrain contains major ascending sen-
sory and descending motor tracts similar to other portions of the
brainstem. In addition, it contains structures related to the third
(oculomotor) and fourth (trochlear) cranial nerves. Control of
eye movements is a characteristic feature of the midbrain. The
midbrain reticular formation has neural circuits involved in con-
trolling vertical eye movements. The midbrain reticular activating
system regulates the level of neural activity in the thalamus and
cerebral cortex; this structure is involved in controlling sleep and
arousal.

The ventral surface of the midbrain is characterized by two large
cerebral peduncles (Figure 1-14). Between the peduncles is the
interpeduncular fossa; the oculomotor nerve emerges from the
midbrain along the walls of this fossa. Dorsally, the two pairs of
colliculi (little hills) - inferior and superior - identify IV of the
midbrain (Figure 1-13). The trochlear nerve, cranial nerve IV,
emerges from the dorsal surface at the base of the inferior collicu-
lus (also see Chap. 6).

CLINICAL DISCUSSION: Both large and small paramedian
lesions in the midbrain reticular formation or its ascending pro-
jections can result in coma and sleep dysfunctions (Plum and
Posner, 1982), ultimately leading to death. Smaller lesions, espe-
cially those occurring more laterally, can present as loss of prima-
ry sensory modalities (vibratory sense, discriminative touch and
proprioception), as well as pain and temperature sensations from
the body and face (analgesia), abnormal motor control (ataxia and
paralysis), and eye movement dysfunction (third and fourth nerve
palsies and vertical gaze palsies). Lesions at the midbrain level can
separate the cerebral and midbrain controls of the motor system
from the motor regions of the lower brainstem and spinal cord. In
such cases the patient can experience decerebrate posturing, with
the upper and lower limbs going into extreme, extensor-dominat-
ed positions.

Loss of reflex control of eye movements can be indicative of mid-
brain damage especially if it presents with loss of consciousness.
This combination was seen in the patient presented in Case 1-1.

Thalamus
The thalamus is an egg-shaped mass of cells and fibers located

deep in the supratentorial compartment, rostral to the midbrain
and nestled under the cerebral cortex (Figure 1-11 and Figure
1-16). The medial wall of the thalamus can be seen on a mid-sag-
ittal preparation of the brain. Laterally, the thalamus is bordered
by the white matter of the internal capsule. The ventral surface of
the thalamus is exposed externally and presents the optic chiasm
and optic tracts rostrally, the mammillary bodies caudally, and in
between, the infundibulum (stalk) of the pituitary.

The dorsal surface of the thalamus is covered by the massive cor-
pus callosum (Figure 1-16). Sectioning this fiber bundle at the base
of the longitudinal fissure can expose the third ventricle lying be-
tween the two hemispheres of the thalamus. The roof of the third
ventricle is formed by the fornix, a fiber bundle connecting the
hippocampal formation in the temporal lobe to the hypothalamus.

The rostral boundary of the thalamus extends to a thick, round fi-
ber bundle termed the anterior commissure; the caudal boundary
of the thalamus lies at the pineal gland and midbrain. The thalamus
is divided into two symmetric hemispheres by the third ventricle;
its medial or ventricular surface contains the massa intermedia or
thalamic adhesion (Figure 1-16; also see Chap. 7).

The thalamus is reciprocally connected by axons to most areas of
cerebral cortex. Through these connections it relays ascending
sensory information to the primary sensory areas of the cortex. It
also contains pathways involved in cortical motor control systems.
Thus, through the thalamocortical and corticothalamic connec-
tions, the thalamus is intimately involved in the functioning of
the overlying cortical mantle. In addition, several pathways from
the brainstem to the thalamus influence memory processing, con-
sciousness, and arousal. These pathways typically contain mono-
amine transmitters such as norepinephrine and serotonin.

The ventral portion of thalamus, called the hypothalamus, is sep-
arated from the (proper or dorsal) thalamus by the hypothalamic
sulcus. The hypothalamus controls the autonomic nervous system
and, through the infundibulum and pituitary gland, modulates
the endocrine system. The integration of the autonomic nervous
system and the endocrine system in the hypothalamus can also in-
fluence the operation of the immune system (Freier, 1990);(Goetzl
and Spector, 1989).

CLINICAL DISCUSSION: Damage to the thalamus can present
in a manner very similar to a lesion of the cerebral cortex. This can
include loss of primary sensory modalities as well as pain and tem-
perature sensation, abnormal motor control (ataxia, hyperkinesia,
hypokinesia, or paralysis), intractable intense pain, memory loss,
confusion and altered behavioral and cognitive patterns, sleep dis-
orders, and coma (see Chap. 7). Damage to the hypothalamus can
present altered homeostasis involving endocrine and autonomic
dysregulation (Masdeu, 1996). In addition, a Horner’s syndrome
can be present on the ipsilateral side. The change in pupil size seen
in the patient described in Case 1-1 is most likely due to increasing
pressure placed on the hypothalamus.

Cerebrum

The cerebral hemispheres are contained in the supratentorial com-
partment. They are separated by a dense connective tissue septum
termed the falx cerebri lying in the longitudinal fissure (Figure
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1-17). The hemispheres are interconnected at the base of this fis-
sure by a large fiber tract, the corpus callosum (Figure 1-11). The
rostral-most portion of each hemisphere is the frontal lobe; its
caudal boundary is the central sulcus and is separated from the
temporal lobe laterally by the lateral fissure (Figure 1-17). Nestled
deep within the lateral fissure is the insula lobe. The parietal lobe
extends from the central sulcus to the parieto-occipital sulcus. The
caudal-most portion of the hemisphere is the occipital lobe (also
see Chap. 8).

The ventral surface of the cerebrum presents a long, curved, medi-
ally placed ridge termed the parahippocampal gyrus, which wraps
around the lateral aspect of the brainstem. Rostrally, this gyrus
ends in an enlarged mass, the uncus. The medial surface of the
hemisphere displays the profile of the corpus callosum arched over
the thalamus (see Fig. 1-3). Dorsally, the cingulate gyrus borders
the corpus callosum. The parahippocampal and cingulate gyri are
continuous around the caudal end of the corpus callosum and
form the limbic lobe.

CLINICAL DISCUSSION: When the cerebral cortex is damaged,
clinical deficits range from specific sensory and motor losses to
alterations of cognitive functions - language, speech, writing, and
reading as well as changes in awareness, social mores, memory,
or consciousness. Damage to the subcortical structures can re-
sult in memory loss, aberrant emotional behavior, and personality
changes. Movement disorders, such as hyperkinesia or hypoki-
nesia, can also occur consequent to lesions involving the corpus
striatum (see Chapters 8-10).

When the cerebral cortex comes under increased pressure, for ex-
ample, from a space-occupying lesion or a bleeding intracranial
vascular accident, its function can diminish. The patient becomes
obtunded or unconscious. Cerebral control of the brainstem mo-
tor regions is diminished and the patient displays varying degrees
of decorticate posturing, with the upper extremity dominated by
the flexor muscles and the lower extremity dominated by the ex-
tensor muscles.

The patient in Case 1-1 initially demonstrated the acute onset of
focal neurologic signs and symptoms characteristic of a cerebral
lesion. These included left-sided weakness, greater in the arm, and
visual loss. These are focal signs, suggesting an acute focal lesion
in the cerebrum such as a vascular accident. These events can be
either infarctive or hemorrhagic in nature. The patient then goes
on to display an obtundation and eventual loss of consciousness —
more generalized signs of global cerebral damage, most likely due
to rapidly increasing intracranial pressure and strongly suggestive
of an ongoing intracerebral hemorrhage.

» Cerebral Vasculature

Cerebral arteries, derived from the internal carotid or vertebral
arteries, supply blood to the central nervous system. Occlusion or
rupture of a cerebral vessel (artery or vein) can compromise the
blood flow to a specific region of the central neuraxis, resulting in
infarction or hemorrhage and, ultimately, damage to neural tissue.
Based on the signs and symptoms displayed by the patient, it may

be possible to localize the vascular accident on the neuraxis and to
determine its nature: infarctive or hemorrhagic. This information
is important when considering where to look with sophisticated
and expensive imaging techniques and when designing rehabilita-
tive therapy. An understanding of cerebral vascular distribution is
critical for the localization process in neurology.

Cerebral circulation can be divided into anterior and posterior
sources. The anterior circulation derives from the internal carotid
arteries and typically forms the anterior and middle cerebral arter-
ies; the posterior circulation comes from the vertebral arteries and
comprises the posterior cerebral artery. These two sources anasto-
mose at the base of the brain in the circle of Willis. Although this
seems fairly straightforward, be aware that there is much variation
in the organization of the cerebral vessels and only the most com-
mon form will be described in this text.

Anterior Circulation

The anterior circulation is generally confined to the supratentorial
compartment. It arises from the bifurcation of the internal carotid
arteries to form the anterior cerebral artery and middle cerebral
artery (Figure 1-19). The short anterior communicating artery
connects the two anterior cerebral arteries. The anterior cerebral
artery is distributed across the cingulate gyrus, portions of the
medial frontal lobe, and the corpus callosum (Figure 1-20); the
middle cerebral artery divides into two divisions — upper and low-
er (MCA UD and MCA LD respectively on Figure 1-19) - whose
combined territory perfuses the lateral aspect of the frontal lobe
and portions of the temporal lobe. Penetrating branches of both
anterior and middle cerebral arteries reach the corpus striatum
and anterior thalamus.

Posterior Circulation

The anterior and posterior spinal arteries join with the vertebral
artery to form the source of the posterior circulation (Figure 1-18).
Subsequently, both vertebral arteries unite on the midline to form
the basilar artery, which, after giving off vessels to the cerebellum,
divides to form the posterior cerebral arteries. The posterior cir-
culation supplies the spinal cord in the vertebral compartment,
most of the brainstem and cerebellum in the infratentorial com-
partment, and the medial and caudal aspect of the temporal and
occipital lobes in the supratentorial compartment (Figure 1-19
and Figure 1-20). Penetrating branches of the posterior cerebral
artery reach the hippocampal formation and posterior thalamus.

Intracranial Hemorrhages

Epidural Hemorrhage

The dura is closely adhered to the inner table of the cranium;
wedged snugly in a groove in the inner cranium and bordered by
the dura is the middle meningeal artery. A traumatic blow to the
lateral convexity of the head, resulting in a fracture of the tem-
poral or parietal bone, can rupture the middle meningeal artery
or its branches. The middle meningeal artery is derived from the
external carotid artery. The result is an epidural hematoma (Fig-
ure 1-21). During this process extravasated blood accumulates
between the dura and inner table of the cranium (Dacey and Jane,
1984; Morris, 1989). In addition to laterally located hematomas
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Figure 1-18 The posterior circulation of the brain. The two
vertebral arteries (VA) are seen joining to form the basilar
artery. The basilar then divides to form the two posterior cere-
bral arteries (PCA), which communicate with the two internal
carotid arteries. The internal carotid arteries divide to form

the middle cerebral arteries (MCA) and the anterior cerebral
arteries (ACA). The vertebrobasilar system gives oft numerous
arteries to the brainstem and cerebellum including the posterior
inferior cerebellar artery (PICA) and the anterior inferior cere-
bellar artery (ANICA).

resulting from the middle meningeal artery, frontal and posterior
epidural hematomas have also been reported.

A “lucid interval” without neurologic symptoms can occur follow-
ing traumatic injury as the nascent hematoma grows in size. Bear
in mind that the characteristically described “lucid interval” in
not seen in most cases of epidural hematoma. Generally, after the
hematoma reaches 50 ml in volume, drowsiness, confusion, and
headache appear in the patient’s presentation; these symptoms can
rapidly progress to obtundation and coma in a patient with a su-

pratentorial epidural hematoma (Ritchie, 1990).

The increased intracranial pressure accompanying the epidural he-
matoma can cause herniation of the uncus towards the midbrain.
Medial displacement of the uncus compromises the closely posi-
tioned third cranial nerve. Thus pupillary responses can be sensi-
tive indicators of the progress of the herniation in an unconscious
patient. The side of the dilated pupil is an indicator of the hemato-
ma’s laterality. Continued progression of the hematoma can lead to
tonsillar herniation (downward displacement of the tonsils of the
cerebellum through the foramen magnum), compression of the
medulla, and respiratory arrest resulting in death (Morris, 1989).

Herniation of the uncus occurred in the patient presented in Case
1-1. Marking this occurrence was his loss of movement of the
right pupil and its accompanying dilation, unresponsive to light.

Subdural Hemorrhage

The dura mater adheres to the calvarium and the arachnoid ad-
heres to the cerebral hemispheres. The dura and arachnoid are ad-
jacent, but not tightly adherent to one another; numerous cerebral
(bridging) veins pass between these two layers. Trauma to either
the frontal or posterior aspect of the skull can result in rebound
shearing of the cerebral veins, with extravasated blood accumulat-
ing in the potential space between dura and arachnoid and form-
ing a subdural hematoma.

When the head strikes a stationary object with force, a subdural
hematoma frequently results. If the force is applied across the long
axis of the cranium (e.g., the forehead striking a windshield), the
resulting hematoma can be bilateral, as bridging veins tear along
both sides of the brain. If the arachnoid layer preserves its integri-
ty, the blood initially compartmentalizes without contact with the
cerebrospinal fluid (CSF; Figure 1-21). Since the hemorrhage is
from low-pressure venous blood, it can discontinue after 25 to 30
ml have accumulated (Vogel and Bouldin, 1988).

Subdural hematomas are divided in the two categories based on
their temporal profile: acute and chronic. Acute subdural hema-
tomas have a latency period between the traumatic event and the
onset of neurologic sequelae of up to 3 days. These types of of he-
matomas are often associated with trauma and can occur in young
individuals. Chronic subdural hematoma, which has an age-relat-
ed and alcohol-associated predisposition, can have a longer latency
period to the onset of neurologic sequelae (Hardman, 1997).

Subarachnoid Hemorrhage

Subarachnoid hemorrhages are usually due to trauma, rupture of
an intracranial aneurysm, or leakage from an arteriovenous mal-
formation (Morris, 1989; Hardman, 1997). Extreme hemorrhage
may cause shock, coma, and death within a few hours; limited
bleeding, on the other hand, may present as only a slight headache.
The patient may appear confused, irritable, and semicomatose.
Neck rigidity and signs of meningeal irritation can be present. On
lumbar puncture, blood will be seen to discolor the cerebrospinal
fluid (CSF).

The discoloring of the CSF by the breakdown products of blood is
called xanthochromia. This process is characterized by a colored
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Figure 1-19 The distribution of the middle cere-
bral artery. In the lateral fissue, the MCA separates
into upper and lower divisions.

-

_".—_-_'.Illl ;
L]

Ly ciaizion

Figure 1-20 The distribution of the anterior cerebral
artery (ACA) and the posterior cerebral artery (PCA)
as seen in a sagittal view of the cerebrum.

pigment, a product of the breakdown of oxyhemoglobin and bili-
rubin, appearing in the CSE. Within 2 hours of entry into the CSE,
red blood cells release hemoglobin. The hemoglobin breaks down
to oxyhemoglobin, thus initiating xanthochromia in the CSE. Oxy-
hemoglobin is broken down into bilirubin within 10 hours (Ad-
ams, Victor, and Ropper, 1997). Following a subarachnoid bleed,
red blood cells can be seen in the CSE Conversely, subdural bleed-
ing generally will not show red blood cells in the CSE although
the degradation products may traverse the arachnoid membrane
and result in xanthochromia. This process may be detected up to 3
weeks after the initiating incidence.

Intracerebral Hemorrhage

Rupture of blood vessels within the central nervous system can re-
sult in intracerebral hemorrhage, that is, a bleeding event within
the central nervous system tissue. The concomitant loss of circu-
lation in the surrounding area of the bleed can initiate a period of
local hypoxia and ischemia. The irritating effects of extravasated
blood also compound tissue damage in the brain.

The ischemic event and the extravasated blood in an intracrani-
al hemorrhage can produce immediate focal neurologic sequelae,
usually of rapid onset. Subsequent to the initial presentation, the
hemorrhaging vessel may continue to release blood, resulting in
gradually increasing intracranial pressure. A progression of diffuse
neurologic signs and symptoms can compound the initial focal
presentation as the central nervous system tissue attempts to herni-
ate out of the cranial compartment affected by the bleeding vessel.

Increased intracranial pressure is said to occur when the CSF pres-
sure exceeds 200 mm water (15 mmHg) with the patient lying in
the lateral decubitus position (Morris, 1989). The pressure inside
the cranium increases for several reasons, such as the presence of
an expanding tumor, an active hemorrhage, a ventricular occlu-
sion, or an infectious, inflammatory and edematous process. The
consequence of prolonged increase in intracranial pressure can
be devastating. Brain tissue, being soft and pliable, usually herni-
ates out of the more rigid cranial spaces as the surrounding pres-
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Figure 1-21 Coronal views of a section through the cerebrum illustrating the formation of an epidural hemato-
ma (left) and a subdural hematoma (right). The red area represents the hematoma. In the figure on the left (A) the
hematoma is located between the bone and the dural sac (blue) whereas in the figure on the right (B) the hematoma
is located between the dural lining (blue) and the arachnoid membrane (black).

sure increases. Various types of herniations have been described
(McComb and Davis, 1985). Performing a lumbar puncture on
a patient with increased intracranial pressure can have extreme-
ly serious consequences. The medulla and cerebellum attempt to
herniate through the foramen magnum in response to the rapidly
diminished pressure in the vertebral compartment.

The effects of a hernia on cerebral function depend on its location.
Supratentorial expanding lesions can produce a shift of the falx
cerebri toward the contralateral side, a process that can be moni-
tored with computerized imaging. An index of this shift is seen in
the lateral displacement of the pineal, which is in close juxtaposi-
tion with the falx; its calcium deposits are usually easily detectable
in CT scans. A displacement of up to 3 mm of the pineal and mid-

line can be present in an alert patient. Displacement of 3 to 4 mm
is associated with drowsiness; one of 6 to 8.5 mm, with stupor; and
one of 8 to 13 mm, with coma (Ropper, 1986).

Unlike intracranial bleeding, where hypoxia and ischemia occur,
the expression of neurologic signs and symptoms in epidural and
subdural hematomas is due primarily to the effect of an expanding
mass as well as compression. Consequently, there is usually a time
delay between the injury and the onset of neurologic sequelae as
the volume of blood accumulates in the hematoma (Adams, Vic-
tor, and Ropper, 1997). This lag time in the onset of neurologic
signs can help to distinguish patients with epidural and subdural
hematomas from those with intracranial hemorrhage.
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» Summary

This chapter has examined the meningeal compartments that house
the brain and spinal cord. It has also explored the functions of each
major regional component of the central nervous system and relat-
ed these structures to their associated neurologic signs and symp-
toms when lesioned. Finally the blood supply to the brain has been

presented and the various regional vascular accidents discussed.

The chapter has also presented a method for structuring a neu-
rological exam such as to facilitate your ablity to determine the
location of a lesion on the central neuraxis.
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Chapter 2
Peripheral Nerves

... Patellar
Plexus

» INTRODUCTION

The nervous system can be divided anatomically into periph-
eral and central components. The peripheral nervous systems
consist of the spinal roots, dorsal root ganglia and the spinal
and cranial nerves. These later structures extend throughout
the somatic and visceral tissue of the body. The peripheral
nervous system is critical in bidirectional passage of informa-
tion between the tissues of the body and the spinal cord and
brain, the two components of the central nervous system.

An important step in the differential diagnosis of any neuro-
logical complaint is an initial determination as to whether it
is localized to the peripheral nervous system, to the central
nervous system or possibly involves both of these compart-
ments. This decision can significantly alter the direction into
which one goes for treatment, therefore it is very important to
recognize the distinctive features of peripheral nervous sys-

tem disease. In this chapter we will examine the organiza-
tion of the peripheral nervous system and consider the defining
clinical characteristics of peripheral nervous system disorders.

GENERAL OBJECTIVES

1. To identify to the major components of the peripheral
nervous system including the spinal roots, dorsal root
ganglion, spinal nerves, plexuses, and peripheral nerves.

2. To understand the neural circuitry involved in peripheral
reflexes.

3. To identify the clinical signs and symptoms related to
damage involving each component of the peripheral
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nervous system.

4. To use the above information to locate accurately the
position of a lesion occurring in the peripheral nervous
system

INSTRUCTIONS

In this chapter you will be presented with two clinical case stud-
ies. Each study is followed by a list of questions that can be best
answered by using knowledge of regional and functional neuro-
anatomy and by referring to outside reading material. Following
the questions is a section devoted to structures from a specific re-
gion of the central nervous system. Before you attempt to answer
the questions, compile a list of the patient’s neurologic signs and
symptoms. Then examine the structures and their functions and

study their known deficits presented in the section marked CLIN-
ICAL DISCUSSIONS. After becoming comfortable with the ma-
terial, reexamine the list of neurologic signs and symptoms and
answer the questions. Be aware that some of the questions can
have multiple responses or require information beyond the scope
of this manual. It may be necessary to obtain material or advice
from additional resources such as specialty texts, a medical dic-
tionary, or clinical personnel.

MATERIALS

A human spinal cord and its dural covering

2. Photographs and drawings of illustrating the peripheral
nervous system

3. A medical dictionary

Chapter Two Topics:

Case Study 2-1

Discussion |

Organization of the peripheral nervous system

Dorsal and ventral roots
Formation of the spinal nerves
Formation of a peripheral nerve
Clinical Discussion

Case Study 2-2

Discussion i

Peripheral nerve lesions: location along a nerve
Peripheral nerve lesion: distribution amongst nerves

Clinical Discussion

Summary

References
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CASE STUDY 2-1

Chief Complaint
This is a 17-year-old male high school student presenting with progressively worsening weakness and muscle atrophy
in the lower extremities.

History of Chief Complaint

He is the product of a normal pregnancy and an uneventful delivery. He achieved his developmental milestone on
time. His mother notes that he always seemed clumsy and did not do well in sports activity although he loves sports
and tries very hard. He has suffered three sprained ankles while playing soccer. His legs always appeared very thin
and recently the high school physical education instructor became concerned and asked for a physician’s evaluation.
The patient notes that over the past three years he thinks he has experienced a gradual increase in weakness in his
lower extremities and states that he now finds it difficult to run the length of the soccer field. He complains the even
walking can be difficult on occasion and that he frequently trips especially at night or in dimly lit areas. His mother
notes that over the past year he has developed a very loud sounding gait.

Family History

The patient’s mother and father are alive and in good health. He has a 10-year-old brother who also has reduced
muscle mass in his legs. His mother’s uncle has very thin legs and complains of feeling tired and weak when having
to walk any distance.

Medical History

Positive for a tonsillectomy at 10 years of age; all vaccinations are up to date.

Allergies
NKA

Review of Systems

GENERAL.: Patient denies any recent weight change but admits to progressive loss of strength in his legs. SKIN: He
denies any rashes or sores on his skin. HEENT: denies headache, head injury, or dizziness. Denies changes in vision
or eye pain. He denies changes in hearing, tinnitus or ear pain. He admits to an occasional cold with runny nose but
denies nosebleeds, sore throat or dental pain. NECK: denies swelling or stiffness. RESPIRATORY: Denies cough
or dyspnea. CARDIOVASCULAR: Denies chest pain or palpitations. ABDOMINAL: Denies dysphagia or odyno-
phagia, admits to normal colored stools once a day. Denies any abdominal pain. URINARY: Denies any hematurea,
frequency or urgency. Denies any flank pain. GENITAL: Denies discharge or pain. Admits to sexual activity, denies
any rashes or sores. MUSCULOSKELETAL: admits to muscle cramping and muscle pain in the lower extremity espe-
cially the calves, admits to pain in the arch of both feet while walking. NEUROLOGIC: Denies any changes in mood
or any depression. Denies blackouts and dizziness, denies any loss of sensation or strength in the upper extremity.
Admits to loss of strength in the lower extremity and a blunting of feeling in his legs but mainly in his feet. Admits to
feeling unsteady when walking and to frequently tripping on small objects especially at night.

General Physical Examination

The patient is awake, oriented and cooperative with pleasant affect. His blood pressure is 121/79, heart rate is 61, res-
pirations are 16 and temperature is 98.6° F. HEAD & NECK: Head is normocephalic, pupils are equal and reactive to
light. Auditory canals are patent and non-reddened. Nose, mouth and pharynx are clear without tenderness. Neck has
normal range of motion and without lymphadenopathy. CARDIOVASCULAR: regular rate and rhythm, normal apex
beat, no jugular-venous distention. There is an audible carotid pulse with no bruits. ABDOMINAL: mild abdominal
obesity with no masses or tenderness palpable. MUSCULOSKELETAL: Extremities are four in number without
tenderness except in the feet. No pretibial edema. No joint swelling. Notable atrophy is present in the calf region of
the lower extremity bilaterally. His arches are markedly elevated and his toes are blunt and square in shape. SKIN:
No rashes, echymosis, petichiae.

Neurologic Examination
Mental Status. Patient is awake and oriented to person, place and time. His mood is appropriate and memory and
speech are intact.
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Cranial Nerves. Cranial nerves 1-12 were intact.

Motor Systems. Strength and reflexes were intact everywhere in the upper extremities. Muscle bulk was intact in the
upper extremities. Strength was 4/5 for flexion and extension at the hip and knee bilaterally and 3/5 for dorsi and
plantar flexion at the right ankle and 2/5 for dorsi- and plantar flexion at the left ankle. Deep tendon reflexes were
1/4 at the knee and trace at the ankle bilaterally. Gait was slightly wide-based with occasional audible foot slapping.
Heel-to-shin testing was normal with eyes open but abnormal with eyes closed.

Sensory Exam. Sensory was intact in the upper extremities. In the lower extremities, vibration sense and position
sense were diminished about the knee and absent about the ankle and foot. Two-point discrimination was absent on

the sole of the foot but present about the ankle and knee. Response to pinprick was intact throughout the upper and
lower extremities.

Follow-up Examination

Six months later the weakness in the lower extremity worsened slightly, with strength being 2/5 for dorsi- and plantar
flexion bilaterally. Diminution of 2-point discrimination was now observable about the knee bilaterally. He is begin-
ning to complain of a perceived weakness in his hands.

Questions:

1. Has the patient experienced any changes in consciousness or cognition, language function or spatial
recognition, personality or emotional behavior, or any loss in memory?

2. Does the patient exhibit any loss of vision and if so, where in the visual field is the loss? Are there
any visual hallucinations present in this patient?

3. Are there any changes in cranial nerve function and if so, are they signs of suprasegmental or seg-
mental level defects?

4. Are there any changes in motor function such as reflexes, muscle tone, movement, or coordination
and if so, are they signs of suprasegmental or segmental level defects?

5. Are there any changes in sensory function and if so, what levels of the body have experienced this
change?

6. What is the clinical temporal profile of this patient’s neurologic problem: is the onset of neurologic
findings acute or insidious, is the course of the neurologic disease chronically progressive, fluctuant
or stable?

7. Based on the presenting signs and symptoms do you think the distribution of the neurologic patholo-
gy is focal, multifocal or diffuse?

8. Based on the answers to these questions develop a differential diagnosis of the patient’s neurological
problem?

9. How could the diagnosis be best established in this patient?
10. What is the prognosis for this patient if the disease is left untreated?

11. What types of assistance can be of help for this patient?
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» DISCUSSION |

Organization of the Peripheral Nervous Sys-
tem

The peripheral nervous system represents the communication
pathway between the tissues of the body and the spinal cord and
brain. Sensory information from both the body and the external
world is conducted into the spinal cord for processing over the
peripheral nerves. Simultaneously, somatic motor information is
carried peripherally to the skeletal muscles of the body while au-
tonomic information is conducted outward to all remaining tissues
of the body through the peripheral nervous system. Significantly,
diseases may strike individual parts of the peripheral nervous sys-
tem or the entire peripheral system at once. In this section we will
examine the anatomy of each portion of the peripheral nervous

system and consider its function. From this information we can
begin to understand its presenting signs or symptoms when dis-
eased.

Dorsal and Ventral Roots

The dorsal roots lie in the dural sac dorsal to the denticulate liga-
ment of the spinal cord. In total there are typically 31 dorsal roots,
however, each dorsal root is composed of numerous (5-8) rootlets.
The rootlets exit the spinal cord along the dorsolateral sulcus and

R
Cenus

e Medullaris

Figure 2-1 Dorsal Roots. A. A dorsal view of a laminectomized cervical spinal cord demonstrating the thin delicate dorsal rootlets sweeping lat-
erally from the spinal cord to form dorsal roots. B. Dorsal view of a laminectomized lumbar spine illustrating the elongated dorsal roots forming

the cauda equina.
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Figure 2-2: A ventral view of the spinal cord following the opening of the dura and arachnoid. The
ventral rootlets pass over the free border of the denticulate ligament to join with the dorsal rootlets.
The combined bundle of rootlets enters the lateral recess, an evagination of spinal dura that extends

into the intervertebral canal.

are surrounded by a loose plexus of small arteries that, in total,
form what is termed the posterior spinal artery. As the rootlets
sweep laterally off of the spinal cord, they begin to unite with each
other to form the dorsal root. These roots may be relatively short
and horizontally oriented, as seen in the cervical region, or ex-
tremely long (<12 inches) and vertically oriented as seen in the
lumbar and sacral regions.

Contained within the dorsal roots are the processes of primary af-
ferent or sensory neurons. The primary afferent neurons have a
cell body located in the dorsal root ganglion and a central process
that extends over the dorsal root and rootlet to enter the spinal
cord. The peripheral process of the neuron passes distally in the
dorsal root to enter the spinal nerve at the point where the dor-

sal and ventral roots fuse. The peripheral process extend into the
somatic or visceral tissues where they end either as naked nerve
endings or embed into an elaborate encapsulated ending.

The ventral roots contain axons that arise from motoneurons locat-
ed in the ventral horn of the spinal cord. Unlike the dorsal rootlets,
the ventral rootlets arise irregularly from the ventromedial aspect
of the spinal cord. Once the ventral rootlet leaves the spinal cord
it turns laterally to approach the lateral recess of the spinal dura.
As the ventral roots enter the lateral recess they approximate the
dorsal root but no interchange occurs at this point. The ventral
root contains the axons of the large alpha and gamma motoneurons
from the ventral horn of the spinal cord and the axons of the pre-
ganglionic autonomic neurons whose cell bodies are located the in
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Figure 2-3: A drawing of an axial plane section of the vertebral canal
illustrating the joining of the dorsal and ventral roots and the extension of
the roots into the lateral recess. Note that the lateral recess extends into the
intervertebral canal. (Figure modified from: Mettler, EA., Neuroanatomy,
C.V. Mosby Company, 1942).

Spinal Dorsal root Dorsal
nerve ganglion root

Ventral
root

the lateral horn.

The dorsal and ventral roots pass through the lateral recess of the
spinal canal to enter the intervertebral canal. The dorsal root gan-
glion is located inside the canal and at the distal end of the ca-
nal, the roots merge together to form the spinal nerve. Generally
throughout the canal, the roots are in close proximity to the inter-
vertebral disc.

Formation of the Spinal Nerve

The rootlets cluster together to form roots that will enter an evagi-
nation of dura termed the lateral recess. This pocket represents the
entrance to the root sleave, a dural lined canal that passes through
the intervertebral foramen. The dorsal root ganglion is located in
the root sleave. Proximal to the dorsal root ganglion, the dorsal
and ventral roots approximate each other as they pass through the
lateral recess to enter the root sleave. However at this point there
is no intermingling of fibers between these two functionally dis-
tinct roots. The union of the roots does not occur until they are
distal to the dorsal root ganglion. It is at this point that the true
spinal nerve is formed. All of this is occurring in the intervertebral
canal. As the nerve exits the intervertebral foramen there has been

Figure 2-4: An axial plane section of the spinal cord and dorsal root ganglion.
Note how the dorsal and ventral roots are separate as they pass through

the root sleeve. The lateral recess of the dura forms the opening to the root
sleeve. The sleeve fuses with the roots distal to the dorsal root ganglion to
form the spina nerve

dura
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Figure 2-5: The brachial plexus.
The roots of the brachial plexus
actually represent ventral rami.
Multiple exchanges occur between
the nerve bundles involved in the
plexus; thus when the peripheral
nerves are ultimately formed they
contain nerve fibers from multiple
ventral rami.

complete intermingling of sensory and motor axons from the dor-
sal and ventral roots respectively.

Formation of a Peripheral Nerve

Shortly after the spinal nerve forms, it divides into small dorsal
and large ventral rami. Collectively, the dorsal rami innervate
all somatic tissue developing dorsal (posterior) to the transverse
process of the vertebrae. This includes the paraspinal muscle and
the skin on the back. The ventral rami innervate all the somatic
tissue forming anterior to the transverse processes and the extrem-
ities, which form from the limb buds composed of lateral meso-
derm. For body segments C1-C4, T2-T12, S4-S5 and Col-Co3,
each ventral ramus essentually forms a peripheral nerve, howev-
er ventral rami C5-T1 and L1-S3 contribute to the brachial and
lumbosacral plexi respectively. Each plexus represents a complex
intermingling of nerve fibers from the involved ventral rami. Thus
when the peripheral nerves emerge from the distal region of the
plexus they contain numerous fiber contributions from multiple
ventral rami, thus they are said to be pleurisegmental in nature.

Spinal Reflexes

Within the gray matter of the spinal cord the information from the
primary afferent fibers is transfered to the large alpha motor neu-
rons of the ventral horn. This transfer may be by direct synaptic
relationship between primary afferent endings and the motoneu-
rons or it can pass through one or more interneurons before reach-
ing the motoneuron.

Reflexes of a proprioceptive nature involve the stretch of a muscle
or tendon, a high-speed volley of discharges sent into the spinal

cord, priamry afferent synapses on motoneurons, and subsequent
contraction of the muscle to relieve the stretch. Conversely, re-
flexes of nociceptive origin involve peripheral tissue damage or
threatened damage, a volley relayed onto neurons in the dorsal
horn from which connections are established through interneurons
to the motoneurons in the ventral horn. The motoneurons involved
typically produce a withdrawal reflex that is protective in nature.

Distruction of any component of these reflexes will abort the re-
flex. Thus if the peripheral nerve or its associated roots are sev-
ered, stretching related muscles will not elicit a reflex. This hy-
poreflexia on tendon stretch (tap) is a characteristic of a root or
peripheral nerve lesion. It has also been termed a “lower motor
neuron” lesion because the connection between the motoneurons
of the spinal cord and the muscle has been severed. Upper moto
neurons are cells in the brainstem and cerebrum that control the
lower motoneurons of the spinal cord. Upper motor neuron le-
sions will be discussed in the next chapter.

CLINICAL DISCUSSION In the diagnosis of peripheral nerve
lesions several featues should be considered. First should be the
distinction between peripheral vs. central nervous system injury.
The presence of long tract signs in a patient should steer you to-
wards the involvement of the central nervous system. Long tract
signs include such findings as spasticity in the extremities and lev-
el-down sensory loss. Barring the presence of either of these find-
ings, an anatomical differential of the peripheral nervous system
can be approached. Here are some general observations that may
prove helpful:

Primary muscle disease - no sensory loss, weakness may not
involve any changes in tendon reflexes and is regionally dis-
tributed, not in the pattern of a peripheral nerve or spinal root.
Fasciculations would not be expected in this situation.
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Neuromuscular junction disorders - no sensory loss, weakness
may not involve any changes in tendon reflexes and is regional-
ly distributed, not in the pattern of a peripheral nerve or spinal
root. Weakness may involve fatigue. Fasciculations would not
be expected.

Peripheral nerve - Both weakness and sensory loss may be
present. The weakness is invarably of a flaccid nature featuring
hypotonicity and hyporeflexia. One or several related muscles
in a peripheral nerve territory may be mildly paretic or com-
pletely paralyzed. Fasciculations may be present depending on
the temporal profile. Sensory loss may be acompanied by par-
esthesias and pain.

Plexus - Both weakness and sensory loss may be present. The
weakness is invarably of a flaccid nature featuring hypotonicity
and hyporeflexia. A functional group of muscles, innervated
by closely related spinal segments, are typically involved. Fas-
ciculations may be present. For example upper brachial plex-
us lesions involving C5-C7 (Erb-Duechenne type or “waiter’s
tip hand”) or lower brachial plexus lesions involving C8-T1
(Klumpke-Dejerine type or “claw-hand”).

Spinal root - Flaccid paraylsis and complete ansethesia devel-
op over the myotome and dermatomes of the involved spinal

roots. Fasciculations may be present dependent on the temporal
profile. If only one root is involved there may only be paresis
of selected muscles since most muscles, with the exception of
the rhomboids and levator scapulae, are innervated by multi-
ple spinal segments. With only one root involvment, the an-
esthesia may not be detectable due to the overlap of peripheral
dematomes. Radicular pain may be the dominant feature of the
presentation.

Along with the anatomical considerations presented above, the
clinicotemporal profile is also critical in arriving at a diagnosis.
This process should take into consideration the temporal profile of
the signs and symptoms as well as their distribution about the body.
For example, acute onset of focal neurologic signs and symptoms
often is indicative of a vascular or traumatic event. While sub-
acute onset with multifocal distribution can suggest an infection or
and inflammation, the latter especially if the time course is waxing
and waning. Finally insidious onset of a focal event is suggestive
of a mass expanding lesion such as a neoplasm while insidious
onset with diffuse distribution is pointing toward a degenerative
process. The following chart is meant to provide guidance, how-
ever bear in mind that the rules are very flexible.

Figure 2-6: A chart demonstrating the integration of temporal profile and distribution of neurologic signs and
symptoms to arrive at an approximation of the pathophysiology involved in the lesion.
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Case Study 2-2

Chief Complaint
This is a 26-year-old student who is complaining of sharp, burning pain in his right leg with weakness and difficulty
walking

History of Chief Complaint

The young man had enjoyed his usual good health until last Sunday afternoon when he was playing intramural foot-
ball. During a vigorous play he experienced the sharp burning pain down the inside of his right leg. He describes the
pain as feeling like burning gasoline being poured down the inside of his leg and foot. He denies hearing or feeling any
popping or cracking associated with the onset of the pain. He stopped playing football and noticed a mild weakness
in the leg as well. Although he reports that the burning pain has subsided somewhat since then, the weakness has
persisted and he feels that it may even be getting worse.

Family History

Both mother and father are alive and well. He has a sister who is 23 and is well also.

Allergies
NKA

Review of Systems

Due to previous good health and the specificity of the Chief Complaint, the ROS will be focused on the back and
extremities. He denies tics or adventitious movements but admits to weakness in his right lower extremity. He denies
painful or swollen joints but admits to a dull pain in the center of his lower lumbar spine. He admits that it is painful
to stand on the right leg and attempts to unweight the extremity when ever possible. He complains that the pain is
made worse by sitting, walking or standing for long periods of time and by coughing or sneezing.

Physical Examination

This is an alert and cooperative 26-year-old well nourished male. He is standing and leaning to the left and elevating
the right leg. He admits to feeling uncomfortable at this time. Blood pressure is 140/95, heart rate is 75 b/m, respira-
tions are 17 and temperature is 98.6°F. The remainder of the exam will focus on his back and extremities. Extremities
are four in number and without clubbing or cyanosis. Full range of motion is intact in the left lower extremity but the
patient has restricted movement of the right especially in the sagittal plane. There is no tenderness to percussion on
the spinous processes of L1 through LS. Straight leg raising on the right leg is painful at 20 degrees, and right sided
pain is reproduced with left leg rising at 45 degrees. He walks with an antalgic gait, favoring the right leg.

Neurologic Exam
Mental Status. He is awake and oriented to person, place and time. Fund of knowledge and memory appears intact.
Speech is clear.

Cranial Nerves. All cranial nerves 1-12 are intact

Motor Exam. Strength, tendon reflexes and range of motion in the upper extremities and the left lower extremity were
intact. In the right lower extremity, strength in flexion and extension was 5/5 at the knee with a patellar reflex of 2/4.
Strength in plantar flexion and eversion was 2/5 in the right foot, normal in the left. The Achilles tendon reflex was
1/4 to trace in the right. Dorsiflexion of the great toe was 2/5. Minor’s sign was present upon rising from a seated
position and the patient complained of pain in the right leg at this time.

Sensory Exam. All systems were intact throughout the head and body with the exception of the lower extremity on
the right. Reduced sensation to touch and pin-prick was present on the lateral aspect of the calf, lateral aspect of the
ankle and lateral aspect of the foot including the fifth digit. Patient complained of an achy feeling in the lateral calf
muscle extending to the ankle. His gait was markedly antalgic, favoring the right side and he could not walk on his
toes due to his right weakness.
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QUESTIONS:

1. Has the patient experienced any changes in consciousness or cognition, language function or
spatial recognition, personality or emotional behavior, or any loss in memory?

2. Does the patient exhibit any loss of vision and if so, where in the visual field is the loss? Are
there any visual hallucinations present in this patient?

3. Are there any changes in cranial nerve function and if so, are they signs of suprasegmental or
segmental level defects?

4. Are there any changes in motor function such as reflexes, muscle tone, movement, or coordina-
tion and if so, are they signs of suprasegmental or segmental level defects?

5. Are there any changes in sensory function and if so, what levels of the body have experienced
this change?

6. What is the clinical temporal profile of this patient’s neurologic problem: is the onset of neuro-
logic findings acute or insidious ?, Is the course of the neurologic disease chronically progressive,
fluctuant or stable?

7. Based on the presenting signs and symptoms do you think the distribution of the neurologic pa-
thology is focal, multifocal or diffuse?

8. Based on the answers to these questions develop a differential diagnosis of the patient’s neurolog-
ical problem?

9. How could the diagnosis be best established in this patient?
10. What is the prognosis for this patient if the disease is left untreated?

11. What types of assistance can be of help for this patient?
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» Discussion Il

Peripheral nervous system lesions: Position
along a nerve

Radiculopathy Damage to the dorsal and/or ventral roots as they
enter the intervertebral canal, damage that occurs in the interver-
tebral canal or that occurs at the exit of the intervertebral canal
is termed a radiculopathy or root lesion. Radiculopathies char-
acteristically produce pain that refers the peripheral territory of
that segment of the spinal cord. Thus a C5 radiculopathy refers
typically refers pain in the region of the C5 dermatome, myotome
and scleratome. The pain is described as sharp and burning, like
lightening or fire and can be positional. Sensory abnormalities,
such as sensory loss (anesthesia), may occur in dermatomal bands
on the body or extremities. However, due to significant overlap
between successive root territories, it may be difficult to find well
demarcated bands of sensory loss. A weakness of a flaccid nature
can also occur in these patients. The weakness is a paresis and not
a paralysis and involves a variety of muscles, not just one muscle.
Fasciculations may be present, however their abscence does not
rule out radiculopathy.

Plexopathy Damage that occurs to the cervical, brachial or lumbo-
sacral plexus is termed a plexopathy. Penetrating wounds, trauma
and inflammation are significant contributors to plexopathies. The
sensation of pain is wide spread and not confined to a specific der-
matome. The sensory loss is patchy and distributed over a wider
territory than that seen in a radiculopathy; this territory also does
not match the distribution of any given peripheral nerve. Motor
loss can involve a paralysis of a functional group of muscles such
as is seen in Erbs and Klumpke’s paralysis resulting from upper or
lower brachial plexus lesions respectively.

Peripheral Neuropathy Damage that occurs distal to the plexus
affects the peripheral nerves. In this setting, isolated muscle paral-
ysis can occur since a given muscle may be innervated by only one
nerve. Sensory loss is in a peripheral nerve territory and is often
detectable.

Peripheral nervous system lesions: Distribu-
tion amongst nerves

Mononeuropathy Mononeuropathy involve isolated or focal
damage to one peripheral nerve anywhere in the body. As such,
mononeuropathies are most often caused by traumatic injury such
as a blow or penetrating wound, expansion of a focal mass oc-
cupying lesion such as a tumor, or abscess or compression from
a surrounding structure such as a tunnel syndrome (carpal tunnel
syndrome or tarsal tunnel syndrome). Damage to a specific root
could also be termed a monoradiculopathy.

Acute onset of a mononeuropathy is most suggestive of a compres-

sive lesion such as blunt trauma or a herniated intervertebral disc.
Subacute onset of a mononeuropathy can reflect an underlying in-
flammation or an infection. Finally the insidious onset of

a mononeuropathy may result from progressive spinal canal ste-
nosis.

Mononeuropathy multiplex The presence of multiple, isolated
mononeuropathies is termed mononeuropathy multiplex. All of the
neuropathies may be caused by a common disorder however they
are distributed in a multifocal nature about the body and/or head.
Typically mononeuropathy multiplex is related to a vasculopathy
such as those that occur in the setting of diabetes mellitis or polyar-
tieritis nodosa, however it can also be caused by an infection such
as Lyme disease.

Polyneuropathy In general, polyneuropathies occur in the pres-
ence of a diffuse disease process that effect all nerves in a region
or in regions of the body such as the upper or lower extremities or
both. Examples of such processes include autoimmune diseases
such as Guillain-Barre disease, toxic processes such as alcoholic
neuropathy, chemotherapy-induced neuropathy or lead intoxica-
tion neuropathy, metabolic processes porphryia or infectious pro-
cesses such as leprosy. Symmetric polyneuropathies of insidious
onset are suggestive of a degenerative process such as is seen in
Charcot-Marie-Tooth syndrome, a congenital, degenerative poly-
neuropathy. Typically, polyneuropathies affect axons by size class,
therefore large, long fiber polyneuropathies present initally with a
distal pattern (stocking-glove pattern); only very rarely will the
small or short fibers be effected first leading to a proximal initial
presentation.

CLINICAL DISCUSSION A example of damage to the peripheral
nerveous system involves the entrapment of the spinal roots in an
intervertebral foramen generating a monoradiculopathy. General-
ly there are three different causes of this type of lesion:

1. herniated intervertebral disc
2. hypertrophied facet joint capsule

3. osteophyte encroachment on the canal.

Although the herniated disc is the least common form of monora-
diculopathy, it is the most treatable. The nerve root involved de-
pends on the specific disc herniated and the direction in which the
disc fragment is herniated. For example, a lateral herniation (rare)
of the L4/L5 disc will place the fragment in the intervertebral canal
where it can damage the L4 nerve roots (Figure 2-7); a herniation
passing backward (also very rare) could damage roots will still in
the center of the canal (S1 and below); finally the most common
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Figure 2-7: These are posterior views of the laminectomized lumbar spine to illustrate the affects of disc hernia-
tion. The first view (left) shows the most common form of L4/L5 herniation - posterolateral - leading to compression
of the L5 nerve noots. The middle diagram demonstrates a lateral herniation (rare) of the L4/L5 disc leading to an
occlusion of the L4 canal and compression of the L4 roots. Finally the diagram on the right represents a centrally
positioned hernia (rare) that can compromise S1 or below.
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The peripheral nervous system begins with the spinal rootlets and
progresses distally including the roots, dorsal root ganglia, spinal
nerve, and associated plexi and peripheral nerves. Damage to the
peripheral system can happen anywhere along this route. Careful
examination of the neurologic signs and symptoms can lead to an
exact anatomical and neurological diagnosis.

Chad, D. A., Disorders of nerve roots and plexuses. In: Bradley’s Neu-
rology in Clincial Practice, edited by R. B. Daroff, G. M. Fenichel, J.
Jankovic, and J. C. Mazziotta, Philadelphia:Elsevier Saunders, 2012, p.
1890-1914.

Katirji, B. and D. Koontz. Disorders of peripheral nerve. In: Bradley’s
Neurology in Clincial Practice, edited by R. B. Daroff, G. M. Fenichel,
J. Jankovic, and J. C. Mazziotta, Philadelphia:Elsevier Saunders, 2012,
p. 1915-2015.

References

Alberstone, C. D. , E. C. Benzel, I. M. Najm, and M. P. Steinmetz. Ana-
- Page 40 -



Medical Neuroanatomy

Chapter 03

Chapter 3
The Spinal Cord

» INTRODUCTION

The spinal cord represents a caudal extension of the brain stem and
lies within the vertebral canal reaching from the foramen magnum
at the base of the skull to the L1-2 vertebral level. This elongated
portion of the central nervous system functions as a major con-
duction pathway for motor and sensory information and links the
activity of the brain to that of the body. Two different but intercon-
nected levels of neural activity occur in the spinal cord. At each
nerve entry/exit zone, or segmental level, neuronal circuitry exists
that can mediate spinal reflexes. These reflexes function to with-
draw a limb from pain or alter muscle tone in response to shifting
gravitational or inertial forces. Yet daily living requires more than
simple reflexes; consequently, suprasegmental systems arising in
the brainstem and cerebral cortex and extending into the spinal
cord control these more complex activities.

The suprasegmental systems involve ascending connections from
each of the spinal segments to the brain stem and thalamus and are
relayed ultimately to the cerebral cortex. These ascending connec-
tions carry information about activity and position of the body and
its surrounding environment. Conversely, descending connections
from each of these brainstem and cortical areas return to the spinal
cord segments, influencing their output and controlling their in-
take of sensory information. These reciprocal connections mediate

suprasegmental control of the spinal cord and strongly influence
the complex activity patterns that characterize our lives.

The division between segmental and suprasegmental levels in spi-
nal cord organization is both a functional and a clinical distinction.
Damage to the spinal cord can present as intense pain, sensory loss
and weakness. The weakness is characterized by either hypoto-
nia (segmental damage) or hypertonia (suprasegmental damage).
Making the distinction between these two clinical presentations
can provide important information that can help to identify the
locus of damage in a patient.

GENERAL OBJECTIVES

1. To identify cross section profiles of spinal cord taken
through the four major vertebral levels

2. To locate, within a given spinal segment, the circuitry of
the gray matter

3. Toexamine and understand the neuronal circuitry under-
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lying spinal reflexes (segmental level activity)

4. To learn the major spinal tracts and describe their origin,
laterality, termination, and function (supra-segmental
activity) and to describe any deficit associated with their
lesion (supra-segmental activity)

5. To use the clinical manifestations of a lesion to locate ac-
curately the position, level, and extent of any spinal cord
pathology

INSTRUCTIONS

In this chapter you will be presented with one or more clinical case
studies. Each study is followed by a list of questions that can be
best answered by using knowledge of regional and functional neu-
roanatomy and by referring to outside reading material. Following
the questions is a section devoted to structures from a specific re-

gion of the central nervous system. Before you attempt to answer
the questions, compile a list of the patient’s neurologic signs and
symptoms. Then examine the structures and their functions and
study their known deficits as presented in the sections entitled
CLINICAL DISCUSSIONS. After becoming comfortable with the
material, reexamine the list of neurologic signs and symptoms and
answer the questions. Be aware that some of the questions can have
multiple responses or require information beyond the scope of this
manual. It may be necessary to obtain material or advice from ad-
ditional resources such as specialty texts, a medical dictionary, or
clinical personnel.

MATERIALS

1. A human spinal cord and its dural covering

2. Spinal cord histology sections

Chapter Three Topics:

Case Study 3-1

DISCUSSION |

Spinal Cord Segmental Organization
Primary Afferent Fibers
Central Spinal Cord Organization
Dorsal Root Entry Zone

Case Study 3-2
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Raphe-Spinal Tract
Lateral Corticospinal Tract
Rubrospinal Tract
Medullary Reticulospinal Tract
Anterolateral Tract

VENTRAL FUNICULUS - SUPERFICIAL
Lateral Vestibulospinal Tract
Tectospinal Tract

VENTRAL FUNICULUS - DEEP
Pontine Reticulospinal Tract
Anterior Corticospinal Tract
Medial Vestibulospinal Tract

SUMMARY

SPECIAL TOPICS

Sensory Systems
Motor Systems
Flaccid And Spastic Paralysis

Case Study 3-4

DISCUSSION 1l

Blood Supply to Spinal Cord
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CASE STUDY 3-1

Chief Complaint
This 68-year-old, left-handed, retired businessman is complaining of progressive weakness and atrophy of his extremity
musculature.

History of Chief Complaint

He has enjoyed good health up until 9 months prior to the current presentation. At that time the patient had noticed an
abnormal weakness in his arms; over the 9-month period since, the weakness has become progressively worse, spread-
ing to his legs. He also commented that his hands had become much thinner than before. Three months prior to his
current evaluation, his wife noted a change in his speech; in addition, he began to have difficulty swallowing. Recently,
he has experienced difficulty dressing and eating. At present, he no longer feels capable of safely driving the family car.

Family History

He is married, his wife is alive and they have two children, both of whom are no longer residing in the house.

Medical History

Tonsillectomy at age 12 and a hernia repair operation at age 45.

General Physical Examination

He is an awake, oriented, well-hydrated man who appears slightly older than his stated age and of lean habitus. Phar-
ynx was non-reddened and no cervical lymphadenopathy was present. His heart rate was 78 and blood pressure was
125/83; respirations were 18. Peripheral pulses were intact at the wrists and ankles. Abdomen was soft with no masses;
normal bowel sounds were present. Extremities were four in number. Significant loss of muscle mass was noticeable
in the shoulders, arms, and less so in the legs. Muscle loss was most prominent in the thenar eminence of both hands.

Neurologic Examination

Mental Status. He was awake and oriented for time and place. His fund of knowledge and memory were appropriate
for his age. He could recite a list of the last five presidents and accurately follow four-step commands. His speech was
slow and his pronunciation of words was slurred; however, speech patterns and content were meaningful. He gave an
accurate history.

Cranial Nerves. His visual fields were full and he had a complete range of eye movements. Pupillary reflexes were intact
to both direct and consensual light. Facial expressions were intact and bilaterally symmetrical; the corneal, jaw-jerk,
and gag reflexes were trace. He reported that touching the corneal surface hurt. His tongue protruded on the midline,
but was weak; fasciculations were present on the surface of the tongue. Response to pinprick was intact throughout his
face.

Motor Systems. Strength was 3/5 at the shoulder and elbow and 2/5 at the wrist bilaterally; grip strength was 2/5.
Strength was 3/5 at the hip, knee and ankle bilaterally. Deep tendon reflexes were elevated at 3/4 around the knees and
4/4 around the ankles. Deep tendon reflexes were depressed at the elbows and wrists (1/4). Significant atrophy was pres-
ent bilaterally in the forearms and arms and most prominent in the thenar eminences. Widespread fasciculations were
noted at rest in all four extremities. The patient was able to rise from a chair and walk only a short distance unassisted.
A fine tremor was present in the upper extremities when they were held in the extended and pronated position. The
tremor diminished when his arms were lowered into a resting position. He noted that the tremor becomes worse when
he is feeling stressed and when he drinks 2-3 cups of coftee. Finger-to-nose and heel-to-shin testing was normal in all
extremities. No pronator drift was observed. His bowel and bladder functions were intact.

Sensory Exam. Discriminative touch, vibratory sense, proprioception, and pain and temperature sensation were intact
throughout his body.

Follow-Up

Re-examination in six months revealed strength at the shoulder and elbow to be 2/5 and at the wrist 1/5. Grip strength
was also 1/5. Strength at the hip was 3/5 and at the knee and ankle 2/5. Deep tendon reflexes remained trace to 1/4 in the
upper extremity, 2/4 at the knee and 1/4 at the ankle. He lacked any gag response and complained of frequent episodes
of choking when swallowing.
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QUESTIONS

1. Has the patient experienced any changes in consciousness or cognition, language function or spatial recogni-
tion, personality or emotional behavior, or any loss in memory?

2. Does the patient exhibit any loss of vision and if so, where in the visual field is the loss? Are there any visual
hallucinations present in this patient?

3. Are there any changes in cranial nerve function and if so, are they signs of suprasegmental or segmental level
defects?

4. Are there any changes in motor function such as reflexes, muscle tone, movement, or coordination and if so,
are they signs of suprasegmental or segmental level defects?

5.  Are there any changes in sensory function and if so, what levels of the body have experienced this change?

6. What is the clinical temporal profile of this patient’s neurologic problem: is the onset of neurologic findings
acute or insidious ?, Is the course of the neurologic disease chronically progressive, fluctuant or stable?

7. Based on the presenting signs and symptoms do you think the distribution of the neurologic pathology is
focal, multifocal or diffuse?

8. Based on the answers to these questions develop a differential diagnosis of the patient’s neurological problem?

9. If the origin of the pathology is vascular, what arterial supply is most likely involved with the lesion in this
patient
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» DISCUSSION |
Spinal Cord Segmental Organization

Primary Afferent Fibers

The spinal cord receives approximately 32 pairs of spinal nerves.
Each spinal nerve innervates the tissue derived from a specific em-
bryological somite. The entry of each nerve root into the cord de-
fines the spinal segment. The area of skin (cutaneous distribution)
of each spinal nerve is referred to as a dermatome, the muscles in-
nervated by that nerve constitute a myotome, and the connective
tissue structures so innervated belong to the corresponding sclera-
tome. Dermatomes, myotomes, and scleratomes do not necessarily
lie in register in the body even though they innervate tissue derived
from a common somite. Often, because of migration events in the
embryo, considerable distances can separate these three compo-
nents of a given spinal nerve from one another.

As a spinal nerve approaches the spinal cord, it passes through an
intervertebral foramen. Within the foramen, the nerve divides into
dorsal (sensory) and ventral (motor) roots (Figure 3-1). At the
point of this division, the dorsal root contains the dorsal root gan-
glion. This ganglion contains the cell bodies of the sensory neu-
rons or primary afferent neurons. The peripheral process of the
sensory neuron courses in the spinal nerve to reach skin, muscle,
bone, joint, or viscera, while the central process of the sensory neu-
ron runs in the dorsal root to enter the spinal cord. Once inside the
spinal cord, the central process of the sensory neuron can either
form synaptic endings in the gray matter or enter the white matter
and ascend to higher spinal levels.

Primary afferent (sensory) fibers are classified based on their size,
degree of myelination, and the type of ending present in the periph-

ery. Each nerve in the body contains many different primary affer-
ent fibers. The features used in classification of the sensory neuron
are related to its function (Table 2-1). An easy-to-remember clas-
sification of primary afferent fibers simply divides them into two
groups: the big fibers - groups I and II, with heavy myelination and
fast conduction velocities, and the small fibers — groups III and IV,
with little to no myelination and slow conduction velocities. This
latter classification scheme is the most useful in clinical situations
since the tests done in the neurologic exam can usually distinguish
between functional losses in the big versus small fiber systems, but
do not easily distinguish fiber types (e.g., group I from group II or
group III from group IV).

Central Spinal Cord Organization

Within each spinal segment, the cord is composed of an inner col-
umn of gray matter containing nerve cell bodies, surrounded by
an outer sheath of white matter composed of neuronal processes.
A cross section (taken transverse to its long axis) of a fresh spinal
cord preparation reveals a gray, H-shaped area at the center (Plates
1 to 4), which extends the entire length of the cord. The dorsal
portion of the “H” or dorsal horn is involved with processing the
sensations of pain, temperature, and light touch, as well as viscer-
al sensory information. The ventral portion of the “H” or ventral
horn is involved in the motor system, containing the neurons that
innervate skeletal muscle. Between the dorsal and ventral horns is
an intermediate zone composed of interneurons linking the senso-
ry, suprasegmental, and motor systems together. In between spinal
cord segments T1 and L2-3, a lateral horn of the gray matter can

Figure 3-1. Segmental lev-
el of the spinal cord. The
sensory neuron has its cell
body in the dorsal root
ganglion and its central
process terminates on a
neuron in the dorsal horn
of the spinal cord. The
dorsal horn neuron has an
axon that contributes to
the anterolateral tract and
has collateral fbers to the
ventral horn. The ventral
horn neuron provides an
axon to the peripheral
nerve, eventualluy inner-
vating a skeletal muscle.
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be seen; it is involved with the sympathetic outflow from the auto-
nomic nervous system.

In the older literature, the spinal gray matter was described as con-
taining discrete clusters of neurons called nuclei; however, in the
midcentury this structure was divided into several distinct layers
or laminae (Rexed, 1952). Each lamina represents a slab of neu-
rons and fibers that, in most cases, extends the full length of the
spinal cord (Figure 3-2 through Figure 3-4). In general, the in-
dividual laminae of spinal gray matter have a unique cellular and
chemical composition, establish differential connections, and serve
differing functions (Schoenen, 1991;Schoenen and Faull, 1990a;-
Schoenen and Faull, 1990b).

LAMINAI

The first lamina forms a thin cap perched on the apex of the dor-
sal horn. It was referred to previously as the posterior marginal
nucleus (Figure 3-2 through Figure 3-4). Cells in lamina I receive
synapses from small, unmyelinated cutaneous primary afferent fi-
bers carrying the sensations of prickling pain, tickling, and cool-
ness. Axons from some lamina I neurons cross to the contralateral
side of the spinal cord and ascend to the brain stem and thalamus.
These crossed fibers contribute to the perception of painful stimuli,
particularly the fast pain of an acute injury.

LAMINAE IT AND III

The second lamina contains a dense population of small neurons
(Figure 3-2 through Figure 3-4); while lamina III contains larg-
er neurons. Small, unmyelinated, primary afferent fibers carrying
sensations of burning pain, itch, and warming from cutaneous re-

Table 3-1 The characteristics of axons (fibers) found in
a peripheral nerve

Fiber Type Fiber Size | Conduction | Myelination
Velocity
Aa or Group I 12-20 u | 70-120 m/sec | Very heavily
AP or Group II 6-12 35-75 m/sec Heavily
AS or Group IIT 1-5u 5-30 m/sec Lighly
C or Group IV 0.2-1.5p | 0.5-2 m/sec No

ceptors terminate in laminae II and III. (Lamina II corresponds
to the substantia gelatinosa of older terminology.) This type of af-
ferent information is called nociception. Axons from neurons in
these two laminae innervate surrounding neurons or exit the dor-
sal horn and travel up or down the spinal cord for several segments
in a thin band of fibers, the propriospinal tract, which surrounds
the spinal gray matter (Plates 1 to 4). In general, the neurons of
laminae IT and III do not project axons out of the spinal cord, con-
tributing instead to the integration of multiple segments.

LAMINA IV

Laminae IIT and IV correspond to the nucleus proprius of old-
er terminology (Figure 3-2 through Figure 3-4). The afferent fi-
bers to this region are mostly of the large-caliber type, carrying
low-threshold stimuli referred to as light touch. Axons from some

Cervical Spinal Cord

Atlas Plate 4

Figure 3-2. Gray matter of the cervical spinal cord. The dots indicate the relative size
and distribution of neurons within the laminae.
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of these neurons cross to the contralateral side of the spinal cord
and ascend to the brain stem and thalamus.

LAMINAE V AND VI

Laminae V and VI are positioned at the ventral portion of the dor-
sal horn (Figure 3-2 through Figure 3-4). Afferent fibers to these
laminae arise from peripheral cutaneous and visceral sources as
well as from descending fiber systems, such as the corticospinal
and rubrospinal tracts. Some of the large-caliber primary afferent
fibers from muscles, entering the cord in the dorsal roots, end by
projecting into lamina VI; thus, this region receives a mixture of
sensory information. Of note, convergence of somatic and visceral
input onto individual lamina V cells has been documented. Cells
in this lamina contribute to the phenomenon of referred pain. Ax-
ons from cells in laminae V and VI cross to the contralateral side
of the spinal cord and ascend in the anterolateral system to reach
the brain stem and thalamus. Lamina VI is present only in the en-
largements of the spinal cord. Therefore, it is absent from segments
T4 to L2.

LAMINA VII

The seventh lamina receives large-caliber, myelinated primary af-
ferent fibers that originate in the encapsulated receptors of skeletal
muscle and tendon. Its neurons have axons that innervate moto-
neuron cell columns of lamina IX. In addition, several regions of
lamina VII are differentiated into specific cell clusters: the dorsal

nucleus of Clarke (Figure 3-3) and the intermediolateral nucleus.

The dorsal nucleus of Clarke is located in the medial aspect of
lamina VII, at the ventromedial base of the dorsal horn of spinal
segments C8-L3 (Plate 3 and Figure 3-3). It receives large caliber,
myelinated, primary afferent fibers from muscle spindle receptors.
The large neurons in Clarke’s nucleus give rise to axons that ascend
in the dorsal spinocerebellar tract (Plates 3 and 4) to reach the ipsi-
lateral cerebellum. These fibers carry information concerning the
positioning of limb muscles (proprioception).

The nucleus intermediolateralis is found in a lateral protuberance
off of lamina VII, called the lateral horn (Figure 3-3). This region
is present in spinal segments T1 to L2-3 and S2 to S4. These lateral
areas receive information both from visceral and somatic primary
afferent fibers and from descending fibers from the hypothalamus
and brain stem. Preganglionic neurons of the sympathetic nervous
system (T1 to L2-3) and parasympathetic nervous system (S2 to
S4) are contained within the lateral horn.

LAMINA VIII

Lamina VIII surrounds the ventromedial motoneuron column of
lamina IX (Figure 3-2 through Figure 3-4). Its afferent fibers are
derived from descending systems originating in the cerebral cor-
tex, vestibular nuclei, and reticular formation of the brain stem.
Lamina VIII interneurons function to integrate activity in the me-

Thoracic Spinal Cord

Atlas Plate 3

Figure 3-3. Gray matter of the thoracic spinal cord segments. Note the presence of a laterally
positioned intermediolateral lamina (IML) containing components of the autonomic nervous
system and the medially positioned large dorsal nucleus of Clarke (DNC) .
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dial columns of motoneurons, controlling the axial musculature.

LAMINA IX

The columns of motoneurons in the ventral horn constitute lami-
na IX (Figure 3-2 through Figure 3-4). Several prominent cell col-
umns are identified by their position in the ventral horn.

Dorsolateral Motor Columns

The dorsolateral motor columns occupy the dorsal and lateral
portions of the ventral horn and contain alpha and gamma mo-
toneurons. These cells have axons that travel in peripheral nerves
to innervate appendicular muscles. Large, myelinated, primary
afferent fibers from muscle spindles form synaptic endings on the
motoneurons. The monosynaptic connections that are established
between the primary afferent fibers and the ventral horn motoneu-
rons mediate the myotactic reflex. Other inputs to the dorsolat-

eral column of motoneurons include the corticospinal tract and
the medullary reticulospinal tract. The motoneuron columns are
arranged in a topographic fashion with those neurons innervating
proximal limb musculature located medially, and those innervat-
ing distal limb musculature situated laterally. Columns innervat-
ing flexor muscles are found dorsally; those innervating extensor
muscles are located more ventrally in the ventral horn.

Ventromedial Motor Columns

The ventromedial motor column occupies the ventral and medial
portion of the ventral horn. It contains alpha and gamma moto-
neurons whose axons innervate axial (truncal) musculature. Inputs
to this column of motoneurons are complex; it receives descending
projections from the corticospinal, vestibulo-spinal, and pontine
reticulospinal tracts. Coordination with other regions of the spinal
cord is accomplished through its connections with the propriospi-
nal tract. Feedback from the muscles (proprioception) is obtained

Lumbosacral Spinal Cord

Atlas Plate 2

Figure 3-4. Gray matter of the lumbosacral spinal cord segments. The lateral aspect of the ventral horn
has exapnded, similar to that seen in the cervical spinal cord, to accomodate the motoneurons innerva-

tion the lower extremity.
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through large-caliber primary afferent fibers (Table 3-1). Much of
this input does not reach lamina IX directly, but is filtered instead
through the interneurons of lamina VIII.

CLINICAL DISCUSSION: Damage to the dorsal horn or its
efferent projections, which can occur with occlusion of the central
branch of the anterior spinal artery (see section on spinal vascula-
ture), will result in the loss of pinprick and temperature sensation
over the affected body dermatomes, a condition termed analgesia.
Damage to the ventral horn, which occurs in occlusion of the an-
terior spinal artery or in motoneuron disease, can result in the loss
of the ventral horn motoneurons. Death of the motoneurons de-
nervates the skeletal muscle related to that spinal segment. Since
the nerve terminal normally provides a trophic substance(s) to the
muscle, denervated skeletal muscle becomes flaccid and atrophies.
Clinically, flaccid weakness presents as weakness, muscle wasting,
and fasciculations. Affected muscles do not resist passive stretch
and have diminished deep tendon reflexes, or hyporeflexia.

Dorsal Root Entry Zone

Located between the end of the dorsal root and the apex of the
dorsal horn is a complex area termed the dorsal root entry zone. It
can be partitioned into lateral and medial divisions based on a seg-
regation of primary afferent fiber sizes in the dorsal roots (Figure
3-9). The medial division contains large, myelinated fibers (groups
I and II; see Table 3-1) carrying precise sensory information con-
cerning body (muscle and joint) position and discriminatory touch
from the dermis. The lateral division contains small myelinated
(group III) and unmyelinated (group IV) fibers that carry infor-
mation concerning light touch, thermal sense, pain (nociception),
and visceral sensations. Due to this segregation of primary affer-
ent fibers in the dorsal root entry zone, nociception, light touch,
and thermal senses are conducted into the dorsal horn, whereas
proprioception and the discriminative senses are diverted medi-
ally around the apex of the dorsal horn. These large fibers can (1)

Highlight Point

The clinical signs of ventral horn or ventral
root damage include:

Weakness
Hypotonicity
Hyporeflexia

Muscle wasting
Fasciculations

Loss of resistance of passive range of motion

enter the dorsal columns to ascend the length of the spinal cord,
(2) enter the base of the dorsal horn where they can innervate the
dorsal horn neurons, or (3) continue into the ventral horn where
they participate in segmental reflex arcs.

CLINICAL DISCUSSION: The presentation of pain is com-
mon when pathology affects the spinal cord or its roots and spinal
nerves. Often the quality of the pain and its distribution can reveal
its origin. Several different pain presentations have been defined
(Biller and Brazis, 1996). Radicular pain is described as usually
unilateral and dermatomal in its distribution; its quality is lanci-
nating or shooting, sharp pain. This type of pain, typical of extra-
dural (outside the spinal cord) lesions, can be caused by pressure
on the nerve root or spinal nerve in and around the intervertebral
foramen. Surgical lesions of the dorsal root entry zone have been
used to treat intractable pain of peripheral origin (Friedman and
Nashold, 1986). As such, the lesion interrupts the small-caliber
primary afferent fibers as they enter the dorsal horn, thus pre-
venting the transmission of nociceptive information to the spinal
cord from that specific spinal nerve. Funicular (central) pain is
described as a deep, poorly defined painful experience, not related
directly to the distribution of any spinal nerves; it is more charac-
teristic of intramedullary (inside the spinal cord) lesions. Surgical
lesions of the spinal cord, termed cordotomies, have been used in
the past to treat intractable pain of central and peripheral origin
(Gybels and Tasker, 1999). Both types of pain - radicular and fu-
nicular - involve damage to the nervous system and, as such, are
termed collectively as neuropathic pain. This form of pain is the
most difficult to treat clinically since it is often refractory to most
pharmaceuticals.

Neuropathic pain is to be distinguished from pain that arises due
to damage focused on non-neural structures. For example, strain-
ing ligaments or muscles of the vertebral column or damaging the
vertebral facet joints also presents with pain, however this can
occur without necessarily damaging a spinal nerve or root or the
spinal cord itself. In this case the pain typically is non-radiating in
nature. This type of pain is referred to as axial pain and is the most
common source of back pain.

Regional Variation in Spinal Cord Architecture

The spinal cord represents an elongated column of nuclear masses
surrounded by thick fiber tracts. Based on the changing size of
the nuclear masses and the addition and subtraction of fibers,
there is significant regional variation along the entire length of
the spinal cord. In this section we will consider the general fea-
tures of that variation.

Lumbosacral segments

TThe lower lumbar segments (L4 and L5) of the spinal cord
combine with the upper sacral segments (S1-S3) to form the lum-
bosacral enlargement. Plate 01 is taken through the sacral spinal
cord in the upper segments. These segments are characterized by
the thin columns of surrounding white matter and the expand-
ed lateral portion of the ventral horn (representing the lower
extremity) and the enlargement of the substantial gelatinosa in
the dorsal horn. The gray commissure is thick and very short
compared to the higher segments of the spinal cord. The lower
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lumbar segments appear much the same as those in the upper
sacral cord except that both the nuclear masses (gray matter) and
the white matter columns are significantly thicker. Lacking the
spinocerebellar tracts at this level, the corticospinal tract lies on
the lateral surface of the cord. The higher lumbar segments fea-
ture a reduction in the size of the nuclear masses with an increase
in the thickness of the surrounding white matter. Both L1 and
L2 will also contain a small lateral horn containing preganglionic
sympathetic neurons and located between the dorsal and ventral
horns.

Thoracic segments

Ascending from T12 to T1 the white matter surrounding the
spinal cord continues to enlarge in size. Against this background,
the gray matter diminishes significantly in thickness in the tho-
racic region reflecting the diminished sensitivity of the torso to
somatic stimuli and the reduced amount of muscle in the torso
compared to that of an extremity. The lateral enlargements of the
ventral horn disappear leaving only the medial portion of the
horn, an area that represents the axial muscles of the body. The
ventral horn of the lower thoracic segments is slightly thicker,

on average, than that of the upper segments, this accounts of the
increased number of motoneurons needed to innervated the thick
abdominal muscles compared to the much thinner intercostal
muscles. In the dorsal horn the substantia gelatinosa becomes
thin and elongated. At the base of the dorsal, the dorsal nucleus
of Clarke forms a large, rounded nuclear mass throughout most
of the thoracic segments. Small but prominent lateral horns are
typically seen at all thoracic levels.

Cervical segments

Cervical spinal cord segments are large and oval in profile with
massive amounts of white matter tracts surrounding the enlarged
dorsal and ventral horns. The ventral horn features a lateral
enlargement to house the motoneurons for the upper extremity
muscles. Although the dorsal horns are not as broad as those seen
in the lumbar region, that as substantially enlarge and feature an
irregular lateral border, termed the reticular process, that extends
into the surrounding white matter. A notable feature of the mas-
sively enlarged dorsal column system is the presence of a posteri-
or median septum dividing the columns into two fascicli, gracilis
and cuneatus.
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Case Study 3-2

Chief Complaint

A 27-year-old right-handed machinist was brought by ambulance to the emergency room after suffering a knife wound
in the back. He was conscious but somewhat intoxicated. A penetrating wound was present on his back, slightly off the
midline and opposite the superior border of the right scapula.

History of Chief Complaint
He had been involved in an altercation in a local tavern. The knife wound was received at 1:35am, after an evening
spent watching a national sports event and consuming alcoholic beverages.

Family History

He is single and lives in an apartment. He has two brothers and a sister. His mother and father are divorced.

Physical Examination

This is a stable male patient with a penetrating wound on his right back that entered the spinal column. It is located on
the right and approximately one inch above and medial to the spine of the scapula. The patient is an awake, intoxicated
male. He is large, muscular, well nourished, well hydrated, and appears his stated age. Blood pressure, heart rate, and
respirations were slightly elevated; peripheral pulses were intact at the wrists and ankles.

Neurologic Examination

Mental Status. He was awake but somewhat intoxicated. Affect is agitated and bellicose; problems with cooperation
occured. Speech was slurred and rambling; however, no word substitution or word confusion was present. Memory
and knowledge could not be tested adequately because of his level of intoxication.

Cranial Nerves. A full range of eye movements was present. Visual fields were full to confrontation. Hearing was
normal bilaterally. Pupillary, gag, and corneal reflexes were intact; facial movements were full; uvula and tongue were
midline.

Motor Systems. There is a proximal-to-distal, graded diminution of strength in the upper extremity on the right. Pow-
er was 4/5 for shoulder elevation, 3/5 for the forearm flexors and extensors, 1/5 for the flexors and extensors of the wrist
and in the fingers. Grip strength was abolished completely. All strength was absent in the right lower extremity. Deep
tendon reflexes were depressed about the elbow (1/4) and absent about the wrist and in the digits as well as throughout
the lower extremity (0/4).

Sensory Systems. Complete loss of sensation for pinprick and temperature was found over the left trunk below C8 and
in the left lower extremity. Loss of discriminative touch and vibratory sense was found over the right half of the body
below and including C8.

Follow-up

Two weeks later a neurologic examination revealed no change in the distribution of sensory loss. Strength remained
diminished in the forearm, hand, and complete lower extremity on the right, and deep tendon reflexes around the right
elbow remained diminished at 1/4. However, the following changes had occurred: deep tendon reflexes were elevated
at the wrist, finger, knee, and ankle on the right side (approximately 3/4). A positive Babinski sign could be elicited
from the right foot.

QUESTIONS

1. Has the patient experienced any changes in consciousness or cognition, language function or spatial recogni-
tion, personality or emotional behavior, or any loss in memory?

2. Does the patient exhibit any loss of vision and if so, where in the visual field is the loss? Are there any visual
hallucinations present in this patient?

3.  Are there any changes in cranial nerve function and if so, are they signs of suprasegmental or segmental level
defects?
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4.  Are there any changes in motor function such as reflexes, muscle tone, movement, or coordination and if so,
are they signs of suprasegmental or segmental level defects?

5. Are there any changes in sensory function and if so, what levels of the body have experienced this change?

6. What is the clinical temporal profile of this patient’s neurologic problem: is the onset of neurologic findings
acute or insidious, and is the course of the neurologic disease chronically progressive, fluctuant or stable?

7. Based on the presenting signs and symptoms, do you think the distribution of the neurologic pathology is
focal, multifocal or diffuse?

8. Based on the answers to these questions develop a differential diagnosis of the patient’s neurological problem?

9. If the origin of the pathology is vascular, what arterial supply is most likely involved with the lesion in this
patient

Case Study 3-3

Chief Complaint
A 36-year-old man is referred for evaluation by his family physician. He is presenting with progressing weakness and
sensory loss in the upper and lower extremities and with recent onset of dyspnea.

History of the Chief Complaint

He first noticed a mild weakness and loss of sensation to temperature in the upper extremities 12 months previously;
the onset of weakness in the lower extremities has occurred in the past 4 months. He states that both the weakness
and the sensory loss have progressively worsened. He has noticed the onset of shortness of breath in the last month.

Medical History

He had enjoyed good health until 18 months ago when he suffered a road traffic accident. While stopped at an inter-
section he was struck from behind by a driver who was talking on a cell phone. He received a whiplash cervical injury.
Following the accident, a neurological exam was within normal limits, however he complained of persistent headache
as well as neck and arm pain. He wore a cervical collar for two months following the accident and still experiences
neck pain and paraspinal muscle spasms for which he is taking medication. He has no history of blood transfusions,
denies IV drug abuse, and has not been out of the country except for an occasional trip to Canada. He denies any recent
history of noticeable viral or bacterial infections. He denies any history of respiratory tract illnesses. He denies any
change in weight or appetite.

Medications
Voltarin to relieve the neck pain and Flexeril for the paraspinal muscle spasms.

Social History
He is a faculty member at a small liberal arts college, has never married, and lives alone. He does not smoke or consume
alcohol and denies any sexual activity.

Family History

His mother and father are still alive and in good health. He has no siblings.

General Physical Examination

This is an awake, oriented male, appearing older than his stated age and with noticeable muscle wasting in the upper
extremities. His heart rate is 90, blood pressure is 127/85, temperature is 98.7°F, and respirations are 19. His weight is
181 lbs. During respiratory movements his sternum moves anteriorly, but little lateral motion occurs along the sub-
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costal margins. On inhalation, his sternocleidomastoid muscle becomes prominent. Respiratory movements are rapid
but of short duration. His skin is moist and supple. His chest is clear to auscultation and abdomen is soft to palpation
with no tenderness. No lymphadenopathy is detected in the axilla or groin area.

Neurologic Examination
Mental Status. He is awake, oriented for person, place and time, and has an appropriate memory and knowledge base.
Speech is clear and meaningful. He can follow three- and four-step commands, but is hampered by his weakness.

Cranial Nerves. A full range of eye movements is present; visual acuity is 30/20 in the right eye and 40/20 in the left eye
without glasses. Pupillary reflexes are present to direct and consensual light. Hearing is intact to finger rub at both ears.
Gag and corneal reflexes are intact and facial movements are full. The uvula is symmetric and the tongue protrudes on
the midline.

Motor Systems. Strength in the upper right extremity is 4/5 at the deltoid, 3/5 at the triceps, 3/5 at the biceps, and 2/5 at
the brachioradialis; grip strength is 3/5. In the left upper extremity strength is 4/5 at the deltoid, 3/5 at the triceps, 2/5 at
the biceps, and 2/5 at the brachioradialis; grip strength is 4/5. The lower extremity strength exam finds the quadriceps
at 3/5, the gastroc at 3/5 and anterior tibialis at 4/5 on the right. On the left, the quadriceps is 2/5, the gastroc is 3/5 and
anterior tibialis is 4/5. Both upper extremities have diminished deep tendon reflexes at the elbow and wrist; muscular
fasciculations and atrophy are present bilaterally. Both lower extremities have elevated deep tendon reflexes, and the
plantar reflex is extensor bilaterally.

Sensory Exam. Patient lacks sensation to temperature and pinprick in a cape-like distribution over the chest and shoul-
ders, extending throughout the upper extremities to the fingertips. Vibratory sense, discriminative touch, and proprio-
ception were intact throughout his chest and upper extremities. Normal sensation was found elsewhere over the body.

Follow-up

Examination in three months finds analgesia spreading onto his chest wall as low as T3; the weakness in his extremities
has increased, with notable loss of deep tendon reflexes in the upper extremity and increased deep tendon reflexes in
the lower extremity. No change in mental status is noted.

QUESTIONS

1. Has the patient experienced any changes in consciousness or cognition, language function or spatial recogni-
tion, personality or emotional behavior, or any loss in memory?

2. Does the patient exhibit any loss of vision and if so, where in the visual field is the loss? Are there any visual
hallucinations present in this patient?

3. Are there any changes in cranial nerve function and if so, are they signs of suprasegmental or segmental level
defects?

4. Are there any changes in motor function such as reflexes, muscle tone, movement, or coordination and if so,
are they signs of suprasegmental or segmental level defects?

5.  Are there any changes in sensory function and if so, what levels of the body have experienced this change?

6. What is the clinical temporal profile of this patient’s neurologic problem: is the onset of neurologic findings
acute or insidious; is the course of the neurologic disease chronically progressive, fluctuant or stable?

7. Based on the presenting signs and symptoms do you think the distribution of the neurologic pathology is
focal, multifocal or diffuse?

8. Based on the answers to these questions develop a differential diagnosis of the patient’s neurological problem?

9. If the origin of the pathology is vascular, what arterial supply is most likeley involved with the lesion in this
patient
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» DISCUSSION II

Spinal Cord Suprasegmental Organization

The white matter of the spinal cord is partitioned into three large
divisions called dorsal, lateral, and ventral funiculi. Each funicu-
lus is further divided into several smaller bundles, called fasciculi.
Individual fasciculi are composed of fiber tracts containing as-
cending or descending axons. Ascending fiber tracts have their
cell bodies of origin in the spinal gray or dorsal root ganglia and
project their axons up the spinal cord toward the brain stem and
thalamus. Conversely, descending fiber tracts have cell bodies in
the cerebral cortex or brainstem and project their axons down the
spinal cord. Somatic and visceral sensory information passes from
the segmental level of the spinal cord to the brain through the as-
cending fiber tracts. Conversely, motor and sensory control infor-
mation from the cerebral cortex and brain stem is carried down-
ward in the descending fiber tracts. Within a given fiber tract,
the axons tend to share a common function, such as conducting
sensory information of a similar modality or specific aspect of the
motor control signals.

Axons within a tract are often arranged in an orderly fashion, such
that those carrying information from the distal end of the extrem-
ities are found on one border of the tract, and those involved with
the proximal end of the extremity course along the opposite border.
This general organization is called topography or, when referring
specifically to the somatic sensory system, somatotopy. Arranging
axons in an orderly topographic fashion helps the nervous system
maintain fidelity in its sensory and motor pathways. Interruption
of portions of either sensory or motor tracts within the spinal cord
results in neurologic signs and symptoms localized to a specific
region of the body; understanding the somatotopic maps can help
predict the extent to which the central nervous system has been
damaged by a lesion.

DORSAL FUNICULUS

Fasciculus Gracilis and Cuneatus (Ascending)

The axons in the fasciculus gracilis are said to carry propriocep-
tion, two-point discrimination, and vibratory sensation from the
lower extremity to the brain stem for relay into the somatic sensory
portions of the thalamus and cerebral cortex. The cell bodies for
axons in the fasciculus gracilis are located in the dorsal root gan-
glia of vertebral levels T6 and below (Figure 3-5). The tract begins
in the sacral cord (PLATE 1) and ascends to the caudal medul-
la (PLATES 2 to 4), where it terminates in the ipsilateral nucleus
gracilis. In a similar organization, axons of the fasciculus cuneatus
carry information concerning two-point discrimination, vibratory
sense, and proprioception from the upper extremity. The cell bod-
ies of these fibers are found in dorsal root ganglia above T6 (Figure
2-5). The tract first appears as a thin band in the spinal cord at, or
slightly above T6, expanding in thickness as it extends rostrally to
reach the nucleus cuneatus in the caudal medulla (PLATES 3 to 8).

The two tracts, gracilis and cuneatus, are referred to collectively as
the dorsal column system. The cell bodies of neurons giving rise
to the axons in the dorsal column system are located in the dorsal
root ganglia. Their peripheral processes are composed of Af-fibers
(Group II fibers) that arise in encapsulated nerve endings in skin,
fascia, bone, and muscle.

The axons in fasciculus gracilis and cuneatus are organized in a
topographic fashion. The sacral dermatomes, starting with S5, are
represented most medially in the fasciculus gracilis. Successive
ascending dermatomes are added laterally, such that at the cervi-
comedullary junction, the C2 dermatome is located at the lateral
extreme of the fasciculus cuneatus. The division between gracilis
and cuneatus is found at approximately T6. In summary, the so-
matotopic map of the human dorsal column system is arranged
so that the person’s feet are presented toward the midline and the
arms lie laterally (Smith and Deacon, 1984).

CLINICAL DISCUSSION: Pure lesions of either of the dorsal
column tracts will reduce, but not completely eliminate vibratory
or position sense in the human. It appears that these modalities
are also carried by some of the axons in the adjacent dorsolateral
fasciculus and in the anterolateral system (Wall and Noordenbos,
1977;Davidoft, 1989) as well as in the dorsal spinocerebellar tracts
(Ross et al., 1978). The clinically demonstrable deficit resulting
solely from isolated lesions of the dorsal columns appears to be
astereognosis. Thus, tests for stereognosis and graph-esthesia have
been proposed as the only appropriate clinical tests of dorsal col-
umn system integrity (Wall and Noordenbos, 1977;Bender et al.,
1982).

Dorsolateral Fasciculus

The thin band of fibers forming a cap over lamina I represents
the zone of Lissauer, or dorsolateral fasciculus (labeled DLatF in
PLATES 1 to 4). It contains small and large caliber ascending ax-
ons as well as the axons of dorsal horn neurons traveling between
segments. These latter fibers are part of the propriospinal system
for integrating segmental-level activities. The fasciculus contains
a mixture of sensory modalities. The smallest caliber fibers are

Highlight Point

Knowledge of the topography anatomy

of a fiber tract can be of assistance in lo-

calizing a partial lesion within the spinal
cord or brain.
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involved in nociception, whereas some of the larger-caliber fibers
carry modalities similar to those present in the dorsal columns. It
has been proposed, on the basis of lesion studies, that the dorsolat-
eral fasciculus can at least blunt, if not mask, the effects of lesions
restricted to the dorsal column system (Wall and Noordenbos,
1977;Davidoff, 1989). At the level of the medulla, the dorsolateral
fasciculus becomes the tract of the spinal trigeminal nucleus which
is involved in processing nociception from the face (labeled SpTT
in PLATE 5).

LATERAL FUNICULUS—SUPERFICIAL

Dorsal and Cuneate Spinocerebellar Tracts (Ascend-
ing)

The cerebellum utilizes proprioceptive information from muscles
and joints to coordinate sequences of muscle contractions during
limb movement. It receives this information from a complex se-
ries of tracts called the spinocerebellar system. The sensory in-
formation carried in the dorsal spinocerebellar tract informs the
cerebellum of the position in space of individual muscles in the
lower extremity. This proprioceptive information is gathered from
large-caliber, primary afferent fibers that innervate muscle spindles
and Golgi tendon organs located in the lower extremity muscles.
The cell bodies of origin for this tract are located in the dorsal nu-
cleus of Clarke, which extends from spinal segments L3 to C8 (Fig-
ure 3-6 and PLATE 3). Primary afferent fibers entering the spinal
cord below L3 ascend to this level in the fasciculus gracilis to reach
the caudal border of Clarke’s nucleus. Axons from Clarke’s neurons
gather into the dorsal spinocerebellar tract located in the lateral
fasciculus (DSCT in PLATES 3 to 7). In the medulla, these axons
join the inferior cerebellar peduncle and ascend into the ipsilateral
cerebellum (see PLATES 8 to 14).

Since the nucleus of Clarke does not extend rostral to C8, it cannot
receive primary afferent fibers from the upper extremity. Instead,
the large caliber, primary afferent axons from these upper spinal
levels join the fasciculus cuneatus, where they form the cuneospi-
nocerebellar tract, and course upward to terminate in the lateral
cuneate nucleus of the medulla (PLATES 8 and 9) in the caudal
brainstem. Axons from the lateral cuneate nucleus enter the inferi-
or cerebellar peduncle, delivering proprioceptive information from
the upper extremity to the ipsilateral cerebellum.

Many of the axons in the dorsal spinocerebellar tract send collater-
al branches to the nucleus Z located in the lower medulla close to
the cuneate nucleus. Neurons in this nucleus project their axons
to the contralateral thalamus through the medial lemniscus along
with those from the cuneate and gracile nuclei. From the thala-
mus, this proprioceptive information is relayed to the cerebral cor-
tex. Thus, the spinocerebellar projections to the cerebellum pro-
vide this structure with proprioceptive information, but because
we are not aware of any ongoing neural activity in the cerebellum,
this activity is termed unconscious proprioception. Conversely,
the collateral branches of the spinocerebellar fibers that innervate
nucleus Z and that structure’s subsequent projections to thalamus
and its relay to the cerebral cortex provide the cerebral cortex with
similar proprioceptive information, but since we are aware of this
information, it is termed conscious proprioception.

CLINICAL DISCUSSION: Lesions of the spinocerebellar
tracts have received little attention in the clinical literature; how-
ever, the few that have been reported demonstrate ataxia (Gudes-
blatt et al., 1987) and loss of vibratory and position sense (Ross et
al., 1978) as presenting symptoms. Lesions of the spinocerebellar
fibers in the brain stem also contribute to dysmetria, ataxia, and a
loss of position sense of the extremities. Based on these and other
studies (Wall and Noordenbos, 1977;Ross et al., 1978), it has been
speculated that vibratory and position senses are also carried in the
spinocerebellar system rather than being completely contained in
the dorsal column system. The conduction of vibratory and po-
sition sense in both the dorsal column system and the spinocer-
ebellar tracts represents a form of redundancy. Profound ataxia
and intense loss of position and vibratory senses are the salient
symptoms of combined spinocerebellar and dorsal column de-
generation. Such sensory losses are present in syphillis and oth-
er degenerative diseases that affect the large-caliber fibers of pe-
ripheral nerve and spinal cord. The patient is effectively stripped
of somatic proprioceptive information. Although visual cues can
combine with vestibular information to mask the deficit created
by the loss of these fibers during the day, affected individuals will
become unstable and ataxic at night or when asked to close their
eyes (Schoene, 1985). This phenomenon is called sensory ataxia
and forms the basis of the Rhomberg Test.

Ventral (Anterior) and Rostral Spinocerebellar Tracts
(Ascending)

A second component of the spinocerebellar system carries infor-
mation concerning the activity of local circuit neurons in the gray
matter of the spinal cord to the cerebellum. This information re-
flects the spinal pattern of motor activity and is referred to as the
“efference copy” of the spinal motor instructions. The ventral spi-
nocerebellar tract carries this information from the lower extrem-
ities, and the rostral spinocerebellar tract carries it from the upper
extremities. Thus, the cerebellum receives data concerning where
the limb muscles are in space (dorsal and cuneo-spinocerebellar
tract) as well as information concerning what these muscles are

Highlight Point:

Cardinal manifestations of dorsal column system
injury:

Diminution of vibratory and
discriminative touch

Astereognosis
Agraphesthesia
Topography of the dorsal column system:

Feet medially; arms laterally
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being told to do (ventral and rostral spinocerebellar tracts). All
of these data are used to coordinate muscle activity during limb
movement (See Chapter 5).

The cell bodies of origin for the ventral spinocerebellar tract are
located in the deeper laminae of the dorsal horn in the lumbar and
sacral spinal cord. Their axons cross the midline to form a fascicu-
lus in the ventral and lateral aspect of the spinal cord, medulla, and
pons (VSCT on PLATES 3 to 14). In the cervical region this tract
is joined by axons from cervical interneurons forming the rostral
spinocerebellar tract. In the rostral pons, both spino-cerebellar
tracts join the superior cerebellar peduncle to enter the cerebellum
(PLATE 15). Upon entering the cerebellum, some of the spinocer-
ebellar fibers cross back to the opposite side; others do not. Thus,
the termination of these spino-cerebellar tracts is considered to be

bilateral in the cerebellum.

LATERAL FUNICULUS—DEEP

Raphe-Spinal Tract (Descending)

The raphe-spinal system plays a role in the modulation of nocicep-
tion transmission through the dorsal horn as well as in controlling
motor activity in the ventral horn. It also influences the activity of
preganglionic neurons in the lateral horn. The cell bodies of origin
for the raphe-spinal tract are located along the midline in the cau-
dal portion of the medulla (PLATES 11 to 14). Some of their axons
descend into the spinal cord coursing in the dorsolateral fasciculus.
In the spinal cord, axons from the raphe nuclei innervate cells in
the dorsal, ventral, and lateral horns.

Cervical

Thoracic

Lumbar

Sacral

Upper
Extremity

Dorsal
Column
System

Lower
Extremity

Figure 3-5 Diagram of the dorsal column pathway. (Source: large, primary afferent, group II fibers; Function:
discriminative touch, vibratory sense and position sense; Laterality: crosses the midline in the internal arcuate

fibers of the caudal medulla.)
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CLINICAL DISCUSSION: Information on isolated lesions

of the raphe-spinal system in humans is unavailable; however,
chemically blocking this system with naloxone in human subjects

can decrease their threshold of pain (Basbaum and Fields, 1978).

Lateral Corticospinal Tract (Descending)

The lateral corticospinal tract controls mastery of fine motor move-
ments in the distal extremities (Kennedy, 1990). This descending
system contains the axons of pyramidal neurons located in the pre-
central gyrus of the cerebral cortex and to a lesser extent, the post-
central gyrus. Upon reaching the caudal medulla in the pyramidal
tract, these axons cross the midline in the pyramidal decussation
and shift laterally in the brainstem to form the lateral corticospi-
nal tract (Figure 3-7 and PLATES 4 to 6). Since it has crossed the
midline at the cervicomedullary junction, axons of corticospinal
tract terminate in the ventral horn, contralateral to their cell bodies
located in the cerebral cortex.

The corticospinal neurons are part of a complex array of descend-
ing projections controlling the ventral horn motoneurons of the
spinal cord. Collectively cells in these descending systems are re-
ferred to as upper motoneurons, thus distinguishing them from
the lower motoneurons located in the ventral horn. Upper mo-
toneurons represent the suprasegmental level of control and, by
definition, innervate lower motoneurons (or their surrounding
interneurons). Lower motoneurons represent the segmental lev-
el of control. They directly innervate skeletal muscle through the
neuromuscular junction. The distinction between upper and lower
motoneuron is of clinical significance in localizing damage on the
neuraxis and requires careful study (See Chapter 2).

CLINICAL DISCUSSION: The clinical results of damaged
corticospinal fibers in the human spinal cord have been the subject
of controversy. Lesions restricted to the primary motor cortex, the
origin of the corticospinal system, in nonhuman primates have re-
sulted in a flaccid paresis of the affected limbs with no accompany-
ing spasticity (Lawrence and Kuypers, 1968a) and the corticospinal
role, if any, in the genesis of spasticity has been questioned (Da-

Dorsal
Spinocerebellar
Svstem

Darsal

Mucleus
of Clarke

b Cerebellum

Lower Extremity

Figure 3-6. Diagram of the dorsal spinocerebellar tract. (Source: large, primary
afferent, group I fibers; Function: proprioception; Laterality: uncrossed.)
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vidoff, 1990). However, recent reports of seemingly isolated lesions
of the human pyramidal tract in the medulla, involving destruction
of axons in the lateral corticospinal tract, have demonstrated ipsi-
lateral spastic paresis (Paulson et al., 1986;Jagiella and Sung, 1989);
suggesting that the corticospinal tract in humans has more control
over the spinal cord than that seen in non-human primates.

Clinically, spasticity is defined as decreased dexterity, loss of
strength, increased deep tendon reflexes, increased resistance to
slow passive muscle stretch, and hyperactive flexor spasms (Lan-
dau, 1980). The intense spastic paralysis that follows severe brain
stem or high spinal cord transection involves destruction of not
only the corticospinal fibers, but the other descending motor sys-
tems as well.

A complex pattern of suprasegmental and segmental-level moto-
neuron degeneration can occur in diseases such as amyotrophic
lateral sclerosis (see Case Study 3-1). Typically, the loss of ventral

horn cells initially strikes heaviest in the cervical enlargement, with
only mild loss occurring in the lumbosacral region during the early
stages of the disease. Meanwhile, a broader spectrum of cortico-
spinal fiber loss occurs that involves those fibers to both upper and
lower extremities. Consequently, the lower extremities initially
present with signs of spacticity: elevated tendon reflexes and a feel
of stiffness; however, these signs of suprasegmental level involve-
ment are masked in the upper extremities, where ventral horn cell
loss results in decreased tendon reflexes and flaccid paralysis. Since
motoneurons are dying throughout the ventral horns at all levels,
there are fasciculations present throughout all the skeletal muscu-
lature of the body. This disease process does not affect sensory
neurons or autonomic neurons, thus the sensory modalities are
intact throughout the body. In summary, flaccidity in the upper
extremities, spasticity in the lower extremities with fasciculations
present throughout the body and no sensory changes is considered
pathognomonic for motor neuron disease or amyotrophic lateral
sclerosis.

[ateral
Corticospinal -
Tract

Lumbosacrl

Lovwer
Ext |'|.,'I:IIi1}

Upper
Extremity

§

Figure 3-7. Diagram of the lateral corticospinal tract. (Source: cerebral cortex; Function: volitional
movements of the extremities and fine movements of the distal extremities; Laterality: crosses the mid-
line in the spinomedullary junction in the decussation of the pyramidal tract)
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Rubrospinal Tract (Descending)

The rubrospinal tract regulates ventral horn motoneuron activity,
especially that of neurons innervating proximal flexor musculature
of the upper extremity. In the spinal cord, this tract courses in
close association with the lateral corticospinal tract (PLATES 3 to
5). It has been proposed that the rubrospinal tract is primarily in-
volved in automated movements, whereas the lateral corticospinal
tract is involved in the learning and mastering of new movements
(Kennedy, 1990).

The rubrospinal tract arises from neurons in the red nucleus of the
midbrain (PLATE 20). Axons from these neurons cross the mid-
line while still in the midbrain and then de-scend toward the spinal
cord in the rubrospinal tract. Most of the axons in the rubrospinal
tract terminate in the caudal portions of the brain stem; however,
a few of them descend into the cervical spinal cord, where they
end in the contralateral gray matter between the dorsal and ven-
tral horn (Nathan and Smith, 1982). Thus, the human rubrospinal
tract can directly influence control of musculature in the upper ex-
tremity; however, any influence it has over the lower extremity has
to be indirect or multisynaptic at best.

CLINICAL DISCUSSION: In terms of clinical signs and
symptoms, the loss of the rubrospinal tract in humans is masked in
large part by the function of the corticospinal tract. In non-human
primates, isolated destruction of the rubrospinal tract results in
some proximal limb weakness that eventually resolves (Lawrence
and Kuypers, 1968b). Combined lesions of both tracts in non-
human primates can result in a more severe weakness and spastic
paralysis.

Medullary Reticulospinal Tract (Descending)

The medullary reticulospinal tract is involved in regulating somatic
motor activity in the spinal cord. Its cell bodies of origin are lo-
cated in the reticular formation of the medulla (PLATES 8 to 11),
and their axons form a tract that descends along the ventrolateral
aspect of the ipsilateral ventral horn (PLATES 1 to 4). At each seg-
ment, axons from the medullary reticulospinal tract enter the gray
matter and terminate in the lateral aspect of the ventral horn. These
axons can have either excitatory or inhibitory influences on mo-
toneurons controlling limb muscles, depending on the particular
phase of the locomotion cycle (Martin et al., 1990).

CLINICAL DISCUSSION: Isolated lesions of the medullary
reticulospinal tract have not been reported for humans; however,
lesions of the spinal cord involving this tract present with increased
spasticity. Most likely, the loss of this tract enhances the expression
of spasticity by lessening the brain stem control over motoneurons
involved in the myotactic reflex.

Anterolateral Tract or System (Ascending)

The anterolateral system (a portion of which is termed the
spinothalamic tract) extends from the segmental level of
the spinal cord to the brainstem and thalamus. It carries
the modalities of crude touch in the anterior portion of the
tract and nociception (pain) in the more lateral portions of
the tract. The distinction between light and crude touch is

poorly made in the neurologic literature and often texts use
the two terms synonymously. These modalities of touch sen-
sation are carried in both anterolateral and dorsal column
systems. Pain and temperature are carried in the lateral por-
tion of the anterolateral tract. In addition, it most likely car-
ries some fibers with discriminative touch, vibratory sense,
and proprioception (Wall and Noordenbos, 1977;Davidoft,
1989). The cell bodies of origin for the anterolateral system
are found in laminae I, IV and V of the dorsal horn (Figure
3-8). These tract cells receive information from small caliber,
unmyelinated or lightly myelinated primary afferent fibers
(Ad-fibers or Group III fibers and C-fibers or Group 1V fi-
bers) carrying the sensory modalities of pain, crude touch,
and temperature. Their axons cross the midline in the anteri-
or white commissure at or near the segmental level of origin
and join the contralateral anterolateral system to ascend the
spinal cord (PLATE 1 to 4). Termination of these axons oc-
curs in the medullary and mesencephalic reticular formation
as well as in the thalamus (PLATES 5 to 20).

CLINICAL DISCUSSION: Lesions of the anterolateral sys-
tem result in diminished sensation to pinprick, touch, and tem-
perature below the segmental level of lesion, a condition termed
analgesia. The dermatome where the patient reports sensory dim-
inution is referred to as a sensory level. Because of the overlap in
dermatome distribution of primary afferent fibers for this system,
the lesion can be one or two segmental levels above the presenta-
tion of the sensory level. Surgical lesions of the anterolateral sys-
tem have been used to relieve intractable pain. Although initially
successful, the pain often returns to these unfortunate patients in
a matter of weeks or months. The return of pain may be related to
the presence of small caliber, primary afferent fibers coursing in
other ascending fiber tracts (Briner et al., 1988) such as the dorsal
columns and propriospinal system.

Highlight Point:

Cardinal manifestations of lateral corticospinal
tract damage are:
Weakness with spasticity
Hypertonicity
Hyperreflexia

Velocity-dependent resistance
to passive range of motion

Topography of the Lateral Corticospinal Tract:

Feet laterally; arms medially
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An expanding lesion of the central canal of the spinal cord, termed
a syrinx, can compromise the anterior white commissure. When
this happens in the cervical spinal cord, it is called cervical syrin-
gomyelia. Initially, the patient can experience the loss of pain and
temperature sensation over the shoulders and upper extremities
in a cape-like distribution. This is a progressive disease, often re-
lated to cervical whiplash or other traumatic injuries (Krammer
and Levine, 1997), and with time further expansion of the syrinx
infringes upon the ventral horns, thus adding flaccid paralysis to
the presenting signs of the patient. Finally, in extreme cases, the
expanding syrinx, which often grows laterally more than anteriorly
or posteriorly, reaches the anterolateral tract. At this point a senso-
ry level develops; below this segmental level the patient loses pain
and thermal sensation, but retains discriminative and propriocep-
tive senses. Typically, the dorsal column system and dorsolateral
fasciculus are not affected in this disease. Because the syrinx first
impinges on the medial aspect of the anterolateral system and then
pushes laterally across the tract, the sensory level clinically presents
cervically in the patient and marches sacrally. This effect is due to
the medial (cervical) to lateral (sacral) topography of the anterolat-
eral system (Biller and Brazis, 1996).

VENTRAL FUNICULUS—SUPERFICIAL

Lateral Vestibulospinal Tract (Descending)

The lateral vestibulospinal system functions to maintain posture
against gravity. Stimulation of this tract results in facilitation of
motoneurons to extensor muscles and inhibition of motoneurons
to flexor muscles. The cell bodies of origin for the lateral vestib-
ulospinal tract are located in the ipsilateral lateral vestibular nu-
cleus of the medulla (PLATES 11 to 14). These cells receive input
from primary afferent fibers that arise in the utricle of the vestibu-
lar apparatus and carry information on head position with respect
to gravity. Axons of the lateral vestibulospinal tract extend into
the spinal cord to terminate in the medial portion of the ipsilateral
ventral horn (PLATES 1 to 10).

CLINICAL DISCUSSION: Isolated lesions of the vestibulo-

Highlight Point:

Clinical manifestations pathognemonic for
amyotrophic lateral sclerosis include:

Flaccidity in the upper extremities
Spasticity in the lower extremities
Fasciculations present throughout the body

All sensory systems intact

spinal tract in humans have not been reported. However, lesions
of the spinal cord involving the lateral vestibulospinal tract present
with the signs of damage to the suprasegmental control systems:
weakness and spasticity. Conversely, loss of suprasegmental con-
trol of the lateral vestibulospinal nucleus, such as occurs when the
cerebral cortex and upper brainstem are damaged (see Case Study
1-1 in Chapter 1), contributes to decerebrate posturing in humans
and is an ominous sign in an unconscious patient.

Tectospinal Tract (Descending)

The tectospinal tract mediates neck reflexes, especially those re-
lated to visual and acoustic stimuli. The cell bodies of origin for
the tectospinal tract are located in the midbrain (also termed the
tectum or superior colliculus; PLATES 18 and 19). The midbrain
receives afferent fibers carrying visual, auditory, and somatic sen-
sory information. These sensory modalities are combined into a
neuronal map of external space used to guide the tectospinal neu-
rons in mediating appropriate reflex responses. Tectospinal axons
cross to the contralateral side in the brain stem and descend into
the cervical and thoracic spinal cord where they terminate in the
medial aspect of the ventral horn (PLATES 4 to 16).

VENTRAL FUNICULUS—DEEP

Pontine Reticulospinal Tract (Descending)

The pontine reticulospinal tract mediates facilitation of the gamma
motoneurons controlling muscle spindles involved in the myotac-
tic reflex. It is particularly excitatory to moto-neurons influencing
spindle organs in extensor muscles. The cell bodies of origin for the
pontine reticulospinal tract are in the pontine reticular formation
(PLATES 12 to 16). Their axons form a tract descending along
the ventromedial aspect of the medulla and spinal cord (PLATES
1to 10). Most of these axons terminate in the medial aspect of the
ipsilateral ventral horn.

CLINICAL DISCUSSION: Isolated lesions of this tract in
humans have not been reported, however, lesions of the spinal
cord involving the pontine reticulospinal tract result in increased
spasticity. This tract, as with the other descending tracts from the
brain stem reticular formation, red nucleus, and cerebral cortex,
contributes to control of segmental (lower) motoneurons. Damage
to these tracts deregulates the spinal segment, resulting in muscles
with tone, but diminished power (termed spasticity). Conversely,
loss of suprasegmental control of the pontine reticulospinal tract,
such as occurs when the cerebral cortex and upper brainstem are
damaged (see Case Study 1-1 in Chapter 1), contributes to decer-
ebrate posturing in humans and is an ominous sign in an uncon-
scious patient.

Anterior (or Ventral) Corticospinal Tract (Descending)
The anterior corticospinal tract influences the medial motor col-
umns of the ventral horn, thereby controlling the axial muscula-
ture. Its cell bodies of origin are located in the motor area of the
cerebral cortex; their axons travel with the corticospinal tract to
the pyramidal decussation (PLATE 6). The majority of corticospi-
nal axons cross the midline and shift laterality; however, a small
number (approximately 8%) remain ventrally positioned to enter
the cervical spinal cord in the ventral funiculus near the midline.
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These axons form the anterior corticospinal tract; they terminate
bilaterally in the medial portion of the ventral horn of the cervical
to lumbar cord (PLATES 2 to 5).

Medial Vestibulospinal Tract (Descending)

The medial vestibulospinal tract is involved in coordinating neck
and head movement with eye position. The cell bodies of origin
for this tract are in the medial vestibular nucleus of the brain stem
(PLATE 9 to 13). These nuclei receive input from primary afferent
fibers that arise in the semicircular canals and carry information
concerning the angular velocity of head movement. Axons from
the medial vestibular nucleus join other fibers to form a tract along
the midline of the brain stem, termed the medial longitudinal fas-
ciculus. As this tract enters the spinal cord, it is referred to as the
medial vestibulospinal tract; its fibers terminate bilaterally in the
ventral horn of the cervical cord. The caudal extent of this tract in
humans is not known.

» SUMMARY

This section has presented the details of a number of fiber tracts in
the spinal cord from a regional perspective. Each tract has been
described within the context of the three large funiculi of the spinal
cord: dorsal, lateral, and ventral. Table 3-2 represents a summary
of those tracts significant in clinical diagnosis. It is important that
each tract, its origin, termination, topography, function, and deficit
be thoroughly understood. It is also instructive to consider cer-
tain aspects of the spinal cord suprasegmental organization from a
systematic perspective. This summary section reviews the general
organization of sensory and motor systems.

» SPECIAL TOPICS

Sensory Systems

Three major ascending systems for somatic sensory information
have been presented: the dorsal columns (FG&C), the spinocere-
bellar tracts (DSCT & CSCT), and the anterolateral system (ALS;
Figure 3-9). Although each of these systems has been assigned dis-

tinct functions in the tertiary literature (Table 3-2), there is little in
the primary literature to support this concept. Rather, it appears
that vibration and position (both conscious and unconscious)
sense are carried in all three systems, but primarily in the spinoc-
erebellar tracts (Ross et al., 1978). Nociception is primarily carried
in the anterolateral system, but is also represented in the dorsal
column system (Wall and Noordenbos, 1977) and the only unique
function of the dorsal column system may be stereognosis along
with its action as a high-speed feedback pathway for fine move-
ments (Davidoft, 1989).

Motor Systems

Two fundamentally different types of movements are possible in
humans. The discrete and delicate movements of the distal extrem-
ities give us the ability to write, play musical instruments, or oper-
ate complex machinery. Conversely, postural and balance move-
ments involve the axial and proximal limb musculature and serve
to maintain our station, thus building a platform for the discrete
movements of the distal limb musculature. To manage these two
categories of movements, two motor systems, termed lateral and
medial, are contained in the brain and spinal cord (Kuypers, 1981).
The lateral motor system consists of the lateral corticospinal and
rubrospinal tracts and the lateral reticulospinal tract. Their axons
terminate in the lateral portion of the ventral horn, influencing the
motoneurons that innervate the distal musculature of the limbs.
Although both descending systems influence musculature in the
arm and hand, only the corticospinal tract controls the fine move-
ments of the digits.

The medial motor system involves the anterior corticospinal tract,
the medial reticulospinal tracts, and both vestibulo-spinal tracts.
Axons from these tracts terminate on the medial portion of the
ventral horn, influencing primarily the motoneurons that inner-
vate the axial and proximal limb musculature. These tracts func-
tion in balance and postural movements.

Flaccid And Spastic Paralysis

The descending somatic motor system can be divided into two
operational and anatomic levels: segmental and suprasegmental
(Figure 3-10). The segmental level contains the neuronal circuits
between muscle spindle apparatus, ventral horn motoneurons, and

Highlight Point:

Cardinal manifestations of Anterolateral Tract injury
are:

Analgesia located contralateral to
and below the level of the lesion

Pain and paresthesias at the
level of the lesion

Tract Modality Function
LCST Motor Fine volitional motor control
DCs Sensory Discriminative touch, vibratory
and position sense
ALS Sensory Pain and temprature
SCTs Sensory Vibratory and position sense

Table 3-2. A summary of fiber tracts in the spinal cord and thein
ascribed functions (Abbreviations: ALS, anterolateral system;
DCs, dorsal columns including the fasciculus gracilis and cunea-|
tus; LCST, lateral corticospinal tract; SCTs, spinocerebellar tracts
including the dorsal and cuneospinocerebellar tracts)
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extrafusal muscle fibers, whereas the suprasegmental level includes
the cortico-, rubro-, vestibulo-, and reticulospinal tracts that con-
trol the segmental-level circuits. These two levels reflect not only
operation distinctions, but also differences in their clinical presen-
tation subsequent to damage.

Damage to portions of the somatic motor system will present clini-
cally as diminished strength or power and altered reflex tone in the
affected muscles. The altered tone in affected muscles can be either

hypotonic (flaccidity) or hypertonic (spasticity); the specific type is
contingent on the location of damage in the motor system.

Interruption of a spinal segment interferes with the circuits con-
taining ventral horn motoneurons (segmental level or lower mo-
toneurons), thus denervating the musculature. Damage to the
segmental level results in a loss of power or strength. Denervated
muscles lack tone and control and are said to be in flaccid paralysis
(lesion “B” in Figure 3-10). In addition, the nerve terminal (neu-

Anterolateral
System

Upper
Extremany

Lower
Extremity

Figure 3-8. Diagram of the anterolateral tract (Source: small, primary afferent, group III or group IV fibers; Function: pain, tempera-
ture and crude touch; Laterality: crosses the midline at the segmental level)
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romuscular synapse) normally supplies a trophic substance to the
muscle, in the absence of which the muscle atrophies.

Interruption of suprasegmental control pathways (upper motoneu-
ron) will also result in a loss of strength or power. However, in this
case there is diminished control over the segmental circuit, but the
lower motoneurons are still intact. The muscle is still connected
to its ventral horn motoneurons, and these cells are still receiving
information from the muscle spindle apparatus. Although the pa-
tient cannot control the muscle, it still has an intrinsic tone and is
said to be in spastic paralysis (lesion ‘A” in Figure 3-10). Since the
circuit connecting spindle apparatus, motoneurons and extrafusal
muscle fiber is intact, tendon reflexes can still be elicited; however,
the lack of control from suprasegmental sources renders the reflex
hyperactive. The uncontrolled neural circuit is resistive to change;
hence, the patient’s limbs resist passive stretch.

Suprasegmental level lesions can also unmask primitive reflexes
that have been suppressed by the descending control systems. An
example of this is the extensor reflex or Babinski response of the

great toe following strong stimulus to the sole of the foot. This
reflex is normally expressed in neonatal children and suppressed as
the corticospinal tract develops its myelin sheaths. Damage to the
corticospinal system can unmask the reflex.

The signs of suprasegmental, or upper motoneuron lesions are
pathognomonic for damage to the central nervous system, how-
ever, those of the segmental, or lower motoneuron lesions can
result from either central or peripheral nervous system damage.
Although the presence of segmental- and suprasegmental-level
signs in a patient strongly suggests a central nervous system lesion,
it cannot rule out the possibility of an extradural process (e.g., a
herniated disk) that has progressed into a central lesion (Biller and
Brazis, 1996).

Flaccid and spastic paralysis are important concepts in clinical
medicine. The anatomic principles behind each of these clinical
presentations need to be fully understood. Reread Case Study 3-3
and determine which portions of the patient’s body are showing
signs of suprasegmental-level injury and which are showing signs
of segmental-level injury.

Major Ascending & Descending
Spinal Cord Tracts

Proprioception

iscrim. Touch
Medial Discrim. Touc

division
i

)

Lateral
division

Muscular
reflexes

"

DCs LCST ALS DSCT

b 4

Figure 3-9. Diagram of the clinically important spinal cord pathways and nuclei. The left side of the diagram illustrates the segmen-
tal division of the primary afferent fibers to the spinal cord and their modalities; the right side illustrates the major suprasegmental
tracts. The direction of the arrows indicates whether the tract is ascending (up-arrows) or descending (down-arrows). (Abb: A, arms;
ALS, anterolateral tract; F, feet; DCs, dorsal columns; LCST, lateral corticospinal tract; T, trunk)
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Transition Segment - The cervicomedullary junction
Atlas Plate 05

The rostral end of the spinal cord transitions into the medulla of
the brainstem. Unlike the spinal cord, the medulla is bulbous in
shape with several external expansions. Dorsally, the midline of
the spinal cord opens and falls laterally to form the walls of the
fourth ventricle. The medulla contains numerous nuclear struc-
tures that are not represented in the spinal cord. Tubercles on the

dorsal and lateral surfaces of the medulla house the enlargements
created by several of the more prominent nuclei.

This transition segment is best represented by Atlas Plate 05. The
thick fiber tracts of the cervical spinal cord are still present on this
section. The dorsal columns are well separated by the posterior
median septum. In the next section, Atlas Plate 06, large masses of
neurons forming the dorsal column nuclei, will be present ventral-
ly in each of these columns.

The corticospinal tract has begun to shift from its lateral position
between the dorsal and ventral horns to a ventral position in the
medulla. In doing this the tract passes ventrally and medially, sep-
arating the ventral from the dorsal horn. Medially in Atlas Plate 05
darkly staining corticospinal axons are seen in clusters moving to-
ward the midline. By Atlas Plate 06, these fibers will cross the mid-
line, a process termed decussation, and form the pyramidal tract of
the medulla. These tracts are visible on the external portion of the
ventral surface of the medulla.

The nucleus proprius is shifted laterally and dorsally embedding
into the base of the substantia gelatinosa. Together, these two
structures form the spinal trigeminal nucleus. Essentially, the spi-

-CST

Segmental level

Figure 3-10. Diagram of the spinal cord segment illustrating the

Segmental &
Suprasegmental
Lesion Analysis

— Suprosegmental level

pathophysiological differences between spastic and flaccid weakness.

A suprasegmental lesion at “A” interrupts descending control of segmental-level circuits and results in spastic paralysis. A segmen-
tal-level lesion at “B” (either within the cord or in the peripheral nerve) denervates the muscle and results in flaccid paralysis. (Abb:
CST, corticospinal tract; LCST, lateral corticospinal tract; VH, ventral horn)

- Page 64 -



Medical Neuroanatomy Chapter 03

nal trigeminal nucleus is the dorsal hron of the medulla. As such,
the spinal trigeminal nucleus processes nociceptive information
(pain, temperature) from the face. Lateral to the spinal trigeminal
nucleus lies the spinal trigeminal tract. This tract, which carries
small, unmyelinated primary afferent fibers, represented the rostral
continuation of the tract of Lissaur in the spinal cord.

Case Study 3-4

Chief Complaint
An 82-year-old, right-handed man with a long history of illness was brought to the emergency room by his family;
he was in acute distress with back pain, and unable to walk.

History of Complaint

Two days prior, the patient experienced severe back pain radiating into both legs that remitted promptly when
lying down. The next day he experienced similar transient pain in the back and the legs. Later that day, while ex-
periencing an episode of severe back pain, he lost all strength in his legs and was rushed to the hospital.

Medical History

The patient had a previous history of transurethral prostatectomy and bilateral orchiectomy for carcinoma of the
prostate, left hemicolectomy for adenocarcinoma of the rectum, and arteriosclerotic heart disease and congestive
heart failure.

General Physical Examination

He was stable and reclining in bed. He was awake, cooperative, afebrile, and appeared older than his stated age.
Funduscopic examination revealed bilateral ocular opacities obscuring visualization of the fundi. External audito-
ry canals were patent. No cervical lymphadenopathy was detected. Blood pressure was 160/90 mmHg, pulse rate
was 48 beats per minute with occasional premature beats. There was a grade 2 blowing apical systolic murmur.
Bilateral basilar crackles were present in the lungs on inspiration and bilateral jugular venous distention was de-
monstrable in the neck. Peripheral pulses were intact and equal at the wrists and ankles. Pitting pretibial edema
was present. A colostomy stoma was present in the lower left quadrant of the abdomen. Otherwise the abdomen
was soft to palpation with normal bowel sounds and no aortic bruits.

Neurologic Examination
Mental Status. He was alert and oriented to person, place and time; memory and affect were appropriate for his
age. Speech was clear and meaningful. He showed appropriate concern for his condition and was a good historian.

Cranial Nerves. His visual fields were intact and eye movements were full; hearing, to finger rub, was diminished
bilaterally. His pupillary, corneal, and gag reflexes were intact; facial expressions were appropriate; uvula elevated
symmetrically and tongue protruded on the midline. When asked, he could elevate his shoulders symmetrically
with appropriate strength.

Motor Systems. His strength and muscle tone were absent in both lower extremities and deep tendon reflexes were
absent at the knee and ankle. His strength and reflexes in the upper extremities were appropriate for his age. Grip
strength was intact. His urinary bladder was atonic, however, this had been present since his last surgery.

Sensory Exam. There was a well-defined sensory level at T10, below which he had lost sensation to pinprick and
temperature. Touch, vibratory, and position sense were intact throughout his body and face.
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Follow-up
He was treated with steroids and supportive measures without improvement. Five weeks after the onset of paraplegia
he died from a sudden cardiorespiratory arrest.

QUESTIONS

1. Has the patient experienced any changes in consciousness or cognition, language function or spatial recogni-
tion, personality or emotional behavior, or any loss in memory?

2. Does the patient exhibit any loss of vision and if so, where in the visual field is the loss? Are there any visual
hallucinations present in this patient?

3. Are there any changes in cranial nerve function and if so, are they signs of suprasegmental or segmental level
defects?

4.  Are there any changes in motor function such as reflexes, muscle tone, movement, or coordination and if so,
are they signs of suprasegmental or segmental level defects?

5.  Are there any changes in sensory function and if so, what levels of the body have experienced this change?

6. What is the clinical temporal profile of this patient’s neurologic problem: is the onset of neurologic findings
acute or insidious? Is the course of the neurologic disease chronically progressive, fluctuant or stable?

7. Based on the presenting signs and symptoms do you think the distribution of the neurologic pathology is
focal, multifocal or diffuse?

8. Based on the answers to these questions develop a differential diagnosis of the patient’s neurological problem?

9. If the origin of the pathology is vascular, what arterial supply is most likely involved with the lesion in this
patient?
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» DISCUSSION I

Blood Supply to Spinal Cord

The spinal cord receives its blood supply from an array of spinal
arteries. As each spinal artery passes through the intervertebral
foramen, it gives off several branches to perfuse the spinal cord,
spinal roots, and surrounding meninges (Figure 2-11). Spinal ar-
teries represent a series of branches derived from the vertebral ar-
tery, thyrocervical trunk, intercostal arteries, lumbar arteries, and
iliolumbar artery. In total, these branches supply the spinal cord,
spinal roots, meninges, and vertebral column. As the spinal artery
negotiates the intervertebral foramen, it divides into radicular and
medullary branches (Gillilan, 1958). Radicular branches follow
the nerve roots to the spinal cord supplying the roots, dorsal root
ganglia and dura. Eventually the radicular branches end as small
contributions to the arterial vasocorona surrounding the cord.
These branches do not form major contributions to the blood sup-
ply of the spinal cord proper. Medullary branches are larger than
the radicular branches and travel along with the spinal nerve and
roots to reach the anterior spinal artery or posterior spinal arteries.
There are from seven to ten of these arteries; the largest is the great
medullary artery of Adamkiewicz, which can occur at vertebral
levels T8 to L4, typically on the left side, and supplies the anterior
spinal artery.

Three arteries (the anterior and two posterior spinal arteries) are in
close juxtaposition to the spinal cord and form the spinal plexus.
This plexus distributes small branches internally to perfuse the spi-
nal parenchyma. The posterior spinal artery is in reality a network
of small, anastomotic vessels providing penetrating branches into
the dorsal columns and a portion of the dorsal horn. The anterior
spinal artery is well formed, and its occlusion or rupture can result
in a distinct syndrome (Moossy, 1988), termed the Anterior Spi-
nal Artery Syndrome. The major penetrating branch of the ante-
rior spinal artery is the central (or sulcal) artery that perfuses the
central portion of the spinal cord supplying the ventral horn and

anterior white commissure. The distal extreme of the central arte-
rial territory can include the lateral corticospinal tract. An outer
vascular ring called the arterial vasocorona connects the posterior
plexus and anterior spinal artery. These vessels form an anasto-
motic channel surrounding the spinal cord. Venous drainage of
the spinal cord occurs through the epidural (Batson’s) plexus of
veins.

CLINICAL DISCUSSION: Occlusion of a medullary artery
can deprive the anterior spinal artery of blood over several seg-
ments of the spinal cord. Most notable is that of the medullary
artery of Adamkiewicz, where occlusion can deny blood supply to
the anterior spinal artery over a large portion of the lumbar spinal
cord (Laguna and Cravioto, 1973). The location of the artery of
Adamkiewicz becomes an important issue in spine surgery and
in surgery involving the posterior body wall such as the repair of
an abdominal aortic aneurysm. Since the posterior spinal artery
is a narrow anastomotic plexus, a defined posterior spinal artery
syndrome has rarely been reported. However, when detectable,
the posterior spinal artery syndrome can present with diminished
vibratory sense and loss of proprioception (Moossy, 1988). Dam-
age to the anterior spinal artery or its central branch can present
as paralysis and paresthesia below the level of the lesion (Moossy,
1988). Initially, the paralysis is flaccid due to the accompanying
spinal shock, but subsequently resolves into a spastic form over a
few weeks. Infarction of the anterior spinal vessels usually occurs
in a watershed area (e.g., the anastomotic region between two
medullary arteries). The paresthesia can present as an all-abrupt
onset of a girdle of intense pain around the torso. A flaccid paral-
ysis follows within minutes to hours and is bilateral. These symp-
toms can be accompanied by loss of bowel and bladder function
as well as a sensory level to pinprick below the level of the lesion
(Biller and Brazis, 1996).

Highlight point:

The initial clinical manifestations of the an-
terior spinal artery syndrome can include:

Flaccid paralysis below the level of the
lesion

Prominent sensory level for analgesia

Loss of bladder and bowel functions

Preservation of discriminative
touch, vibratory and position sense
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ant Soindal O

Modulory 4

The Arterial Supply to
the Spinal Cord

Figure 3-11. Arterial supply of the spinal cord. The spinal cord has been sectioned through a spinal root
and dorsal root ganglion and the blood supply has been plotted onto the section.
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Chapter 4
The Medulla

» INTRODUCTION

The medulla oblongata, the caudal extreme of the brain stem, is
located in the posterior cranial fossa. This portion of the brain stem
contains neural circuits regulating respiration, blood pressure, and
cardiac rhythm, as well as nuclei for five cranial nerves: hypoglos-
sal, accessory, vagus, glossopharyngeal and portions of the acousti-
co-vestibular. The medulla receives its blood supply from branches
of the vertebral and spinal arteries. The medulla is very sensitive to
displacement, thus mass-expanding lesions in the posterior cranial
fossa can be disastrous. This chapter examines the organization of
nuclei and tracts in the medulla. The blood supply to the medul-
la will be studied and several clinicopathologic cases concerning
medullary lesions will be considered.

GENERAL OBJECTIVES

1. To learn the location and function of major nuclei and
ascending and descending fiber tracts in the medulla

2. To learn the presenting signs and symptoms consequent
to lesions involving major nuclei and tracts in the medulla

3. To apply the preceding knowledge to an understanding of
the clinical manifestations of medullary vascular lesions

4. To distinguish between two vascular syndromes: the me-
dial and lateral medullary syndromes

INSTRUCTIONS

In this chapter you will be presented with one or more clinical case
studies. Each study is followed by a list of questions that can be
answered best by using knowledge of regional and functional neu-
roanatomy as well as referring to outside reading material. Follow-
ing the questions is a section devoted to structures from a specific
region of the central nervous system. Before you attempt to answer
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the questions, compile a list of the patient’s neurologic signs and
symptoms; then examine the structures and their functions and
study their known clinical deficits. After becoming familiar with
the material, reexamine the list of neurologic signs and symptoms
and answer the questions. Be aware that some of the questions can
have multiple responses or require information beyond the scope
of this manual. It may be necessary to obtain material or advice
from additional resources such as specialty texts, a medical dictio-
nary, or clinical personnel.

MATERIALS

1. A human brain stem model
2. An atlas of the human brain stem

3. A medical dictionary

Chapter Four Topics:

Case Study 4-1

DISCUSSION |

Medullary Structures

Atlas Plate 6

GRACILE FASCICULUS AND NUCLEUS (FGr AND NuGr)
AND CUNEATE FASCICULUS AND NUCLEUS (Fcu AND
NuCu)

SPINAL TRIGEMINAL NUCLEUS (SpTNu) AND TRACT
(SpTT)

ACCESSORY NUCLEUS (AccNu)

PYRAMIDAL DECUSSATION (decPy)

DORSAL SPINOCEREBELLAR TRACT (DSCT)
VENTRAL SPINOCEREBELLAR TRACT (VSCT)
ANTEROLATERAL SYSTEM (ALS)
RUBROSPINAL TRACT (RuSp)

VESTIBULOSPINAL AND RETICULOSPINAL TRACTS
(VesSp ond RetSp)

MEDIAL LONGITUDINAL FASCICULUS (MLF)
TECTOSPINAL TRACT (TecSp)
CENTRAL GRAY (CeGy)

MEDULLARY RETICULAR FORMATION (MRetF)

Atlas Plate 7
NUCLEUS AMBIGUUS (NuAm)
SOLITARY NUCLEUS (SolNu)
DORSAL MOTOR NUCLEUS OF THE VAGUS (DMNu)
HYPOGLOSSAL NUCLEUS (HyNu)
PYRAMIDAL TRACT (Py)
INTERNAL ARCUATE FIBERS (IAF)
MEDIAL LONGITUDINAL FASCICULUS (MLF)

MEDIAL ACCESSORY INFERIOR OLIVE NUCLEUS (MA-
ONu)

Atlas Plate 8

LATERAL (ACCESSORY OR EXTERNAL) CUNEATE NU-
CLEUS (LCNu)

PRINCIPAL INFERIOR OLIVARY NUCLEUS (PONu)

MEDIAL LEMNISCUS (ML)

CENTRAL TEGMENTAL TRACT (CTT)
INFERIOR CEREBELLAR PEDUNCLE (ICP)
DORSAL LONGITUDINAL FASCICULUS (DLF)

Atlas Plates 9 & 10
MEDIAL VESTIBULAR NUCLEUS (MVNu)
SPINAL VESTIBULAR NUCLEUS (SpVNu)
LATERAL RETICULAR NUCLEUS (LRNu)
PREPOSITUS HYPOGLOSSAL NUCLEUS (NuPP)

DORSAL ACCESSORY INFERIOR OLIVARY NUCLEUS
(DAONu)

Atlas Plate 11
COCHLEAR NUCLEUS (CoNu)
SUPERIOR VESTIBULAR NUCLEUS (SVNu)
INFERIOR SALIVATORY NUCLEUS (ISNu)
RAPHE NUCLEI (RaNu)
LATERAL VESTIBULAR NUCLEUS (LVNu)

Atlas Plate 12
VESTIBULOCOCHLEAR NERVE ROOT (VCNr)
LATERAL VESTIBULAR NUCLEUS (LVNu)
PONTOBULBAR NUCLEI (PBNu)

Case Study 4-2

DISCUSSION I
Medullary Vasculature

Medullary Vascular Syndromes
Medial Medullary Syndrome
Lateral Medullary Syndrome
Unilateral Medullary Syndrome

Lateral Pontomedullary Syndrome
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Case Study 4-1

Chief Complaint
A 59-year-old, right-handed male was admitted to the hospital with a chief complaint of occipital headaches of 4 days
duration accompanied by dizziness and ataxia.

History of Chief Complaint

Three days prior to admission, the patient noted a sudden onset of diplopia on forward gaze and a sensation of dizzi-
ness. These complaints resolved within twenty-four hours. He experienced several episodes of dizziness and diplopia
over the next 24 hours. One day prior to admission he noted a relatively sudden onset of dizziness, diplopia and
clumsiness in the right hand. These complaints have persisted since that time.

Medical History
The patient had been under treatment for hypertension for 6 years duration, with observed blood pressures in the
range of 180/110.

General Physical Examination

The patient was alert, oriented, and cooperative; he was a well-nourished man of medium height who appeared

his stated age. Funduscopic examination revealed clear optic discs with sharp borders. The external auditory canal
was patent and uninflamed. Pharynx and larynx were non-reddened. A grade II/VI bruit was present over the right
carotid artery. His blood pressure was elevated (192/96). Peripheral pulses were intact at the ankle and wrist. Respira-
tions were normal. His chest was clear to auscultation; skin was warm and of normal texture; abdomen was soft with
no tenderness, lumps, or masses. Extremities were four in number with no edema present; no lymphadenopathy was
present in the cervical or inguinal areas.

Neurologic Examination
Mental Status. The patient was awake and oriented with respect to person, place, and time. Memory was appropriate
for his age. Speech was hoarse, but articulate and meaningful. He could follow three- and four-step commands.

Cranial Nerves. Extraocular movements were full, but he complained of diplopia made worse by lateral gaze to the
left. Nystagmus was present on left lateral gaze. The right pupil measured 3 mm, the left was 5 mm, but both re-
sponded to light and accommodation. Ptosis of the right eyelid and decreased sweating on the right side of the face
(anhidrosis) were also present. Hearing was diminished in both ears to high frequencies. He admitted to a feeling
of dizziness that he described as the world moving around him. Pain, but not touch sensation, was decreased on the
right side of the face with the exception of some sparing around the lips and nasal region. The right corneal reflex
was diminished. He complained of a paroxysmal tingling sensation on the left side of his face that he described as
occasionally being painful. Facial expressions were full and symmetric. The uvula deviated to the left, and there was
deficient elevation of the right side of the palate. There was also a suggestion of hoarseness in his speech.

Motor System. Strength was intact throughout his body; deep tendon reflexes were intact and symmetric in all
extremities. An ataxia was evident in the right upper extremity on finger-tapping, hand-patting, and finger-to-nose
tests. An intention tremor was present. Ataxia was also present in the right lower extremity on heel-to-shin and
tibia-tapping tests.

Sensory Exam. He had a mild analgesia to pinprick on the left side of the body, the left arm, and the left leg. Position,
vibration, and touch modalities were intact throughout the entire body.

Follow-Up

Examination of the patient two months after this event found most of his complaints have resolved with the excep-
tion of a mild right-sided facial analgesia, greatest along the angle of his jaw. Although he no longer complained of
clumsiness, finger-to-nose testing demonstrated a mild persistent dysmetria.

QUESTIONS:

1. Has the patient experienced any changes in consciousness or cognition, language function or spatial recog-
nition, personality or emotional behavior, or any loss in memory?
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2. Does the patient exhibit any loss of vision, and if so, where in the visual field is the loss? Are there any visual

hallucinations present in this patient?

3.  Are there any changes in cranial nerve function and if so, are they signs of suprasegmental or segmental

level defects?

4.  Are there any changes in motor function such as reflexes, muscle tone, movement, or coordination and if so,
are they signs of suprasegmental or segmental level defects?

5. Are there any changes in sensory function and if so, what levels of the body have experienced this change?

6. What is the clinical temporal profile of this patient’s neurologic problem: is the onset of neurologic findings
acute or insidious, is the course of the neurologic disease chronically progressive, fluctuant or stable?

7. Based on the presenting signs and symptoms do you think the distribution of the neurologic pathology is

focal, multifocal or diffuse?

8. Based on the answers to these questions develop a differential diagnosis of the patient’s neurological prob-

lem?

9. Ifthe origin of the pathology is vascular, what arterial supply is most likely involved with the lesion in this

patient?

» DISCUSSION |

Medullary Structures

The medulla has several distinctive external features including the
pyramids, olivary tubercule and the posterior aspect of the fourth
ventricle as well as the roots of the facial, vestibulocochlear, glosso-
pharyngeal, vagus, and hypoglossal cranial nerves. These external
features have been described in Chapter 1. Perhaps most charac-
teristic of the medulla is its bulb-like shape, thus its cranial nerves
have been termed the bulbar nerves and when they are damaged, it
is termed a bulbar palsy.

Internally, the medulla contains several long tracts inter-connect-
ing spinal cord, brain stem, and thalamus as well as numerous in-
trinsic nuclei related to the medullary cranial nerves and reticular
formation. The pertinent internal medullary structures, illustrated
on each atlas plate, are described in this chapter. The abbreviation
following the name of the structure corresponds to that used on
the atlas plate. In reading through the material, you will find that
the first time a given structure is encountered, a description will be
provided along with comments on its function and, where possible,
any clinical deficit consequent to its destruction. For subsequent
sections, the structure will be listed by name and abbreviation only,
unless significant changes have occurred in its location or compo-
sition to merit further comment.

Atlas Plate 6

Go to the Atlas

Atlas Plate 6 is taken from the cervicomedullary junction. Its sa-
lient features are the presence of the pyramidal decussation and
three major sensory nuclei: spinal trigeminal, gracilis, and cunea-
tus.
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FASCICULUS AND NUCLEUS GRACILIS (FGr AND
NuGr) AND FASCICULUS AND NUCLEUS CUNEA-
TUS (Fcu AND NuCu)

The fasciculus gracilis and fasciculus cuneatus (dorsal columns)
comprise the large, dorsal funiculus of the spinal cord (Figure 4-1).
They contain the central axons of the group I and II primary af-
ferent fibers from the dorsal roots as well as smaller-caliber axons
from cells in the ipsilateral dorsal horn. The role of these two fas-
ciculi in carrying discriminative touch and detecting motion, as
well as in providing feedback to the corticospinal system, has been
discussed in Chapter 2.

Although traditionally described as containing large caliber, heavi-
ly myelinated fibers, the segregation of axons by size into the dorsal
columns is not as homogeneous as previously thought. In addition
to the large group I and II axons, numerous small caliber primary
afferent axons are present. These smaller fibers represent around
25% of those present in either fasciculus and are similar in size to
fibers found in Lissauer’s tract (Briner et al., 1988). Thus, the dorsal
columns also carry information concerning noxious stimuli. Re-
cent studies have demonstrated that this system is involved in vis-
ceral pain, particularly that from the pelvis (Al-Chaer et al., 1996).

At the cervicomedullary boundary, ascending axons in the fascicu-
lus gracilis form a cusp around the nucleus gracilis. This nucleus is
an oblong mass of neurons receiving the synaptic terminals of the
axons in the fasciculus gracilis. Because of its large size, it forms the
gracile tubercle on the dorsolateral surface of the brain stem. At a
slightly more rostral level, the fasciculus cuneatus engulfs its nucle-
us and terminates. As such, this large nucleus and its surrounding
fiber tract form the cuneate tubercle on the dorsolateral surface of
the brain stem.

The gracile and cuneate nuclei (dorsal column nuclei) give rise to
axons that cross the midline forming the internal arcuate fibers (see
Plate 7) and ascend through the brain stem in the medial lemniscus

Highlight Point

Cardinal manifestations of dorsal column
system injury:

Diminution of vibratory
and discriminative touch

Astereognosis
Agraphesthesia
Topography of the dorsal column system:

Feet medially; arms laterally

(see Plates 8 to 20). These axons terminate in the ventroposterior
lateral thalamic nucleus (see Plate 21). Ultimately, the information
that they carry is relayed to the somatic sensory portion of the ce-
rebral cortex.

CLINICAL DISCUSSION: Pure lesions of either of the dorsal
column tracts will reduce, but not completely eliminate vibratory
or position sense in the human. It appears that these modalities
are also carried by some of the axons in the adjacent dorsolateral
fasciculus and in the anterolateral system (Wall and Noordenbos,
1977;Davidoft, 1989) as well as in the dorsal spinocerebellar tracts
(Ross et al., 1978). The clinically demonstrable deficit resulting
solely from isolated lesions of the dorsal columns appears to be
astereognosis. Thus, tests for stereognosis and graph-esthesia have
been proposed as the only appropriate clinical tests of dorsal col-
umn system integrity (Wall and Noordenbos, 1977;Bender et al.,
1982).

SPINAL TRIGEMINAL NUCLEUS (SpTNu) AND
TRACT (SpTT)

The spinal trigeminal nucleus is located in the lateral aspect of the
medulla, surrounded dorsolaterally by its tract (Figure 3-2). This
prominent nucleus is divided into an external marginal portion
(labeled g in Plate 6) and an inner magnocellular portion (labeled
m in Plate 6); these two regions are continuous with the substan-
tia gelatinosa and nucleus proprius of the spinal cord, respective-
ly. The spinal trigeminal tract is a direct continuation of Lissauer’s
tract in the spinal cord. Thus, the spinal trigeminal complex of the
medulla replaces, in function, the dorsal horn of the cervical spinal
cord. This portion of the trigeminal complex is also termed the
“medullary dorsal horn.”

Axons from neurons in the spinal trigeminal nucleus group togeth-
er in scattered fascicles, cross the midline in the medulla, and form
the ventral trigeminothalamic tract in the pons (see Plate 15 and
Figure 4-2). This tract follows the medial lemniscus into the thala-
mus (see Plates 16 to 20), where it terminates in the ventroposteri-
or medial nucleus (see Plate 21).

The spinal trigeminal system, like its counterpart, the dorsal horn
of the spinal cord, processes pain, thermal sense, and crude touch.
It receives primary afferent fibers from the trigeminal nerve, car-
rying information from the face, scalp, oral cavity, ear, mastoid air
cells, and sinuses as well as dura mater of the anterior and middle
cranial fossae.

CLINICAL DISCUSSION: Damage to the spinal trigemi-
nal system results in loss of pain and thermal sensation from the
ipsilateral face. Irritation of the spinal trigeminal complex in the
medulla can present as hyperalgesia, taking the form of sharp,
stabbing pains in the ipsilateral eye and face (Caplan and Stein,
1986;Caplan, 1989). Irritation of the trigeminothalamic fibers,
such as from ischemic lesions, can present as a sensation of “salt
and pepper” rubbed into the skin on the contralateral side of the
face (Caplan and Gorelick, 1983).

ACCESSORY NUCLEUS (AccNu)

A column of motoneurons is present in the gray matter, lateral to
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the pyramidal decussation (Figure 4-3). These neurons, forming
the spinal accessory nucleus of cranial nerve XI, represent a rostral
continuation of the ventral horn of the cervical spinal cord. Their
axons give rise to the spinal portion of the accessory cranial nerve,
innervating the ipsilateral sternomastoid and trapezoid muscles.
The so-called “cranial portion” of the accessory nerve actually aris-
es from the nucleus ambiguus.

The accessory nucleus receives an innervation from corticonu-
clear fibers. The suprasegmental control of the trapezoid muscle
arises from the contralateral cerebral cortex, whereas that for the
sternomastoid muscle appears to be bilateral but has its strongest
component from the ipsilateral motor cerebral cortex (Thompson
et al,, 1997). There is clinical evidence that the ipsilateral connec-
tions are quite complex, possibly involving a double-crossing of
the corticonuclear axons (Brazis, 1996a). The ipsilateral control

of the sternomastoid muscle makes some sense since the left side
of the brain, due to the crossing of the corticospinal tract, controls
activity in the right side of the body. The left sternomastoid
muscle rotates the head and visual attention into the surrounding
right hemisphere. Thus, the left side of the brain, by activating the
left sternomastoid muscle, directs attention towards the right side

of the body and its surrounding environment.

CLINICAL DISCUSSION: Damage to the accessory nucleus
or its nerve results in flaccid paralysis of the ipsilateral trapezoid
and sternomastoid muscles. Clinically, paralysis of the trapezius
presents as an inability to elevate the ipsilateral shoulder and as
downward and lateral displacement of the scapula (Haymaker and
Kulhlenbeck, 1976). Paralysis of the sternomastoid muscle pres-
ents as weakness in rotating the head to the side contralateral to the

Dorsal Column -
Medial Lemniscal
System

Lower
Extremity

Figure 4-1. The dorsal column-medial lemniscal system
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lesion. On attempted flexion of the neck, the chin deviates slightly
to the lesioned side because of the unopposed actions of the con-
tralateral muscle. Fasciculations and atrophy can be seen in both
of these muscles when damage is done to the accessory nucleus or
its nerve.

Suprasegmental lesions (cerebral cortex or descending corticonu-
clear fibers in the upper brain stem) can result in spastic paresis of
the contralateral trapezoid and the ipsilateral sternomastoid mus-
cles (Brazis, 1996a). The patient can present with weakness in the
shoulder contralateral to the lesion (trapezoid muscle) and with
weakness when turning the head away from the lesion (ipsilateral
sternomastoid muscle).

PYRAMIDAL DECUSSATION (decPy)

The corticospinal axons arise in the cerebral cortex and descend
past the thalamus in the internal capsule (see Plates 22 to 25) to
enter the brain stem. At the level of the medulla (see Plates 7 to 13),
these axons are coursing in the medullary pyramids, from which
they emerge to cross the midline and form the lateral corticospinal
tract. Pyramidal decussation (decPv) is a salient feature of Plate 6,
with crossing fibers distributed from the central gray area (CeGy)
dorsally to the ventral border of the brain stem. A caudal portion
of the decussation can also be seen in Plate 5. Within the decussa-
tion, fibers controlling upper-extremity musculature cross rostrally
at the level of the hypoglossal nerve; those controlling lower-ex-
tremity musculature decussate more caudally at the level of C1-2.
Corticospinal tract axons arise in motor portions of cerebral cortex
and function to control fine, discriminative movements of the ex-
tremities, particularly of the distal musculature.

Highlight Point

The clinical manifestations of spinal trigeminal
nucleus and tract and trigeminothalamic tract
damage can include:

Ipsilateral facial analgesia

Rostral lesions can involve analgesia
across the entire hemiface.

Caudal lesions can involve only a band
of analgesia stretching from the tip of
the jaw to the vertex of the head.

Contralateral paresthesia and analgesia

A sensation of prickle pain, described
as salt and pepper rubbed on the
skin isa common paresthesia for this
lesion.

CLINICAL DISCUSSION: Destruction of the pyramidal de-
cussation is similar to section of both pyramidal tracts. The initial
presentation involves flaccid quadraparesis with eventual resolu-
tion into hyperreflexia and spastic paralysis in all four extremities.
Contrary to this clinical observation, experimentally placed lesions
of the pyramidal tract in monkeys led to permanent hypotonia and
flaccid paralysis of the distal extremity muscles (Lawrence and
Kuypers, 1968a). The possible distinctions between the result of
pyramidal tract section in monkeys and the clinically observable
results in humans are discussed in Jagiella and Sung (Jagiella and
Sung, 1989).

Rostrally positioned lesions of the decussation, restricted to the
midline can result in damage to the crossing fibers related to the
upper extremity only (Dickman et al., 1990). The result is bilateral
spastic paralysis of the upper extremities and normally functioning
lower extremities, a syndrome known as cruciate paralysis. This
form of paralysis has been reported in upper cervicomedullary le-
sions consequent to rheumatoid arthritis (Zeidman and Ducker,
1994).

DORSAL SPINOCEREBELLAR TRACT (DSCT)

The dorsal spinocerebellar tract (DSCT) is a thin band of fibers
along the lateral border of the medulla. It contains axons from cells
in the dorsal nucleus of Clarke (see Chap. 3); these axons carry
proprioceptive information to the cerebellum (Figure 4-4). At the
level of the inferior olive (see Plate 8), this tract separates from its
position close to the ventral spinocerebellar tract and begins rap-
idly increasing in size as it receives olivocerebellar fibers from the
contralateral inferior olivary nucleus (see Plates 8 to 12). Collec-
tively, these axons contribute to the inferior cerebellar peduncle (or
restiform body), which curves superiorly to enter the cerebellum
(see Plates 8 to 14).

CLINICAL DISCUSSION: Lesions in the spinal cord that
have involved the dorsal spinocerebellar tract, but not the dor-
sal column system, have presented with diminished position and
vibratory sense (Ross et al., 1978) and ataxia (Gudesblatt et al.,
1987;Biller and Brazis, 1996a). Damage to the lateral aspect of the
brain stem or the inferior cerebellar peduncle can also present with
ataxia in the ipsilateral lower extremity (Caplan, 1989;Peterman
and Siekert, 1960). The ataxia from medullary lesions presumably
results from destruction of dorsal spinocerebellar fibers in the in-
ferior cerebellar peduncle, thus depriving the cerebellum of its pro-
prioceptive input from the lower extremity. Since the cerebellum
itself is still functioning correctly, the deficit is termed a “sensory
ataxia” as opposed to a cerebellar ataxia.

VENTRAL SPINOCEREBELLAR TRACT (VSCT)

The ventral spinocerebellar tract is a thin band of fibers wrapping
around the lateral aspect of the medulla, ventral to the dorsal spi-
nocerebellar tract. These fibers originate from neurons in the con-
tralateral dorsal horn, cross the midline, and ascend to the superior
cerebellar peduncle (see Plates 3 to 15), eventually terminating in
the cerebellum. Upon entering the cerebellum, many of the spinoc-
erebellar fibers cross back to the opposite side. Thus, functionally
the tract influences the cerebellum bilaterally. The ventral spinoc-
erebellar tract carries information concerning the activity of ven-
tral horn motor circuits.
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ANTEROLATERAL SYSTEM (ALS)

Fibers of the anterolateral system (ALS) are found in the lateral
aspect of the medulla, ventral to the spinal trigeminal complex
and rubrospinal tract (Figure 4-5). These axons originate along the
entire length of the spinal cord from cells in the first, fourth and
fifth laminae of the contralateral dorsal horn. At each segmental
level, axons cross the midline in the anterior white commissure
and join the anterolateral system, to ascend through the brain
stem (see Plates 6 to 20) eventually reaching the ventroposterior
lateral nucleus and interlaminar nuclei of the thalamus (see Plate
21). This system contains fibers carrying pain, thermal sense, and
crude touch from the contralateral side of the body.

CLINICAL DISCUSSION: Damage to the anterolateral sys-
tem results in a diminution of pain and thermal sense from the
contralateral body. Given the tract’s close proximity to the spinal
trigeminal complex, vascular lesions can affect both structures; in
such cases, the presentation involves decrease of pain and ther-
mal sense from the ipsilateral face (spinal trigeminal system) and
contralateral body (anterolateral system), a constellation of signs
termed alternating analgesia.

RUBROSPINAL TRACT (RuSp)

The rubrospinal tract (RuSp) is located between the spinal trigem-
inal complex and the anterolateral system. It contains fibers from
the contralateral red nucleus (see Plates 20 and 21) traveling to the
ventral horn of the cervical and thoracic spinal cord. This tract is
involved in controlling flexor muscle tone in the proximal portion
of the upper extremity.

CLINICAL DISCUSSION: The loss of the rubrospinal tract
in humans is masked in large part by the function of the cortico-
spinal tract (Kennedy, 1990); in non-human primates its isolated
destruction results in some proximal limb weakness that eventu-
ally resolves (Lawrence and Kuypers, 1968a). Combined lesions of
the corticospinal axons and rubrospinal tract in nonhuman pri-
mates can result in a more severe weakness and spastic paralysis.

VESTIBULOSPINAL  AND

TRACTS (VesSp ond RetSp)

The vestibulospinal and reticulospinal tracts (VesSp and RetSp)
are closely associated in the ventral aspect of the medulla, where
they are located between the pyramidal tract and the anterolateral
system. The vestibulospinal tract arises in the lateral vestibular nu-
cleus (see Plates 12 to 15), whereas the reticulospinal tract arises in

RETICULOSPINAL

Highlight Point

The clinical manifestations of damage to the
anterolateral system in the brainstem can in-
clude:

Contralateral analgesia

the pontine and medullary reticular formation (see Plates 6 to 16).
These tracts innervate the medial aspect of the ventral horn of the
spinal cord and modulate tone and posture in axial and proximal
limb musculature; thus, they regulate body-limb movements. As
such, they represent components of the medial motor system.

CLINICAL DISCUSSION: Isolated lesions of these tracts
have not been reported in humans; however, their destruction in
monkeys leads to decomposition of body posture (Lawrence and
Kuypers, 1968b). Although these primates could still use their
arms and hands they lacked a righting reflex and had few orien-
tating reflexes.

MEDIAL LONGITUDINAL FASCICULUS (MLF)

The medial longitudinal fasciculus (MLF) extends from the level
of the oculomotor nucleus in the midbrain (see Plate 20) into the
cervical spinal cord. It serves to interconnect the vestibular nu-
clei with the oculomotor, trochlear, and abducens nuclei as well
as motoneurons controlling the cervical musculature. Along its
route through the brain stem, the fasciculus is located close to the
midline; however, at the cervicomedullary junction (see Plate 6),
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Figure 4-2. Origin of the trigeminal nerve and the
trigeminal nuclei in the pons
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it is pushed laterally by the pyramidal decussation. As the medial
longitudinal fasciculus enters the cord, its name is often changed to
the medial vestibulospinal tract. (In this atlas the term medial lon-
gitudinal fasciculus is used throughout the length of this tract, in-
stead of changing nomenclature as the tract enters the spinal cord.)

In the caudal medulla, the medial longitudinal fasciculus contains
axons from the medial vestibular nucleus that are destined to in-
nervate the medial aspect of the ventral horn of the ipsilateral cer-
vical spinal cord. Thus, this portion of the tract is a component of
the medial motor system controlling axial musculature.

CLINICAL DISCUSSION: Isolated section of the medial
longitudinal fasciculus in the brain stem below the abducens nu-
cleus has not been reported in humans. Section of this tract above
the level of the abducens nucleus can result in disassociated move-
ments of the eyes, called internuclear ophthalmoplegia. This will
be further discussed in Chapter 5.

TECTOSPINAL TRACT (TecSp)

A small cluster of axons close to the medial longitudinal fascicu-
lus represents the tectospinal tract (TecSp). These axons arise from
neurons in the deep layers of the contralateral superior collicu-
lus of the midbrain (see Plate 19), cross the midline, and descend
through the brain stem into the cervical spinal cord. The tectospi-
nal tract is involved in mediating head and neck reflexes to unex-
pected stimuli.

CENTRAL GRAY (CeGy)

The gray (cell bodies) area surrounding the central canal of the
spinal cord expands at the level of the caudal medulla to form the
central gray (CeGy). At slightly more rostral levels the hypoglossal
and vagal nuclei will be contained within this region (see Plates 7
t09).

MEDULLARY RETICULAR FORMATION (MRetF)

The medullary reticular formation (MRetF) is a centrally locat-

N
o

Mucleus
ambiguus

Foraamen
magnum

Accessory
riucleus

Vagal &

4 Accessory
B\ Nerves
[ N,
i
Jugular

faramen

Wagus
e ve

Cranial
ACCESS0rY
nerye

Spinal
BACCESSOTY
nervie

Figure 4-3. The origin of the spinal and cranial portions of the accessory
nerve and the origin of portions of the vagus nerve
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ed collection of cells and fibers lacking distinct nuclear borders.
It extends throughout the rostrocaudal length of the medulla (see
Plates 6 to 11), continuing through the pons (see Chapter 5), and
into midbrain (see Chapter 7). Clusters of neurons in the reticular
formation are involved in regulating cardiovascular and pulmo-
nary functions as well as other autonomic nervous system pro-
cesses. Descending autonomic fibers are found coursing along the
dorsolateral aspect of the reticular formation, in close juxtaposi-
tion with the spinal trigeminal complex and the rubrospinal fibers.
These fibers originate in the hypothalamus (see Plate 22) and brain
stem and terminate in the nucleus intermediolateralis of the tho-
racic (see Plate 3) and upper lumbar spinal cord. They provide
central control over spinally mediated autonomic functions.

CLINICAL DISCUSSION: Lesions of the reticular formation
can present with dysautonomia, such as tachycardia and non-rhyth-
mic respiration rates (Caplan, 1989). Lesions of the descending au-
tonomic fibers can present as Horner’s syndrome—ptosis, miosis,
and anhidrosis—on the ipsilateral face (Caplan and Stein, 1986).
Unilateral lesions in the medullary reticular formation, positioned
between the inferior olive medially and the inferior cerebellar pe-
duncle laterally at the pontomedullary junction, can interrupt au-
tonomic breathing (Bogousslavsky et al., 1990). Large, unilateral
lesions in the medullary reticular formation can disrupt automated
breathing control and produce “Ondine’s Curse”, in which patients
cease breathing when they fall asleep. These lesions are invariably
lethal at some stage in the disease.
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Figure 4-4. The origin and course of the spinocerebellar

system
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Atlas Plate 7

Go to the Atlas

Atlas Plate 7 is positioned between the pyramidal decussation cau-
dally and the obex (the opening of the central canal into the fourth
ventricle) rostrally. The prominent features of this section are three
large sensory nuclei located dorsally (nucleus gracilis and cunea-
tus and the spinal trigeminal nucleus), decussation of the medial
lemniscus centrally, and the medullary pyramidal tract ventrally.

NUCLEUS AMBIGUUS (NuAm)

The nucleus ambiguus, a long, thin column of motoneurons in the
lateral medulla, is associated with the vagal complex (Figure 3-6
and Figure 4-7). It extends from the level of the decussation of the
medial lemniscus (see Plate 7) to the rostral portion of the inferior
olive (see Plate 11). Motoneurons in this nucleus provide innerva-
tion to muscles in the pharynx and larynx via the ipsilateral vagus
and glossopharyngeal nerves (Figure 4-6) and contribute to the
cranial portion of the ipsilateral spinal accessory nerve. This nu-
cleus plays a critical role in phonation and de-glutition. Portions
of the nucleus ambiguus and the dorsal motor nucleus of the vagus
supply parasympathetic innervation to the heart (Natelson, 1985).

CLINICAL DISCUSSION: A unilateral lesion of the vagal
complex (including the nucleus ambiguus) or its efferent fibers
results in hoarseness or dysphonia (which can be expressed as a
nasal twang), dysphagia (difficulty swallowing), dyspnea (difficul-
ty breathing), diminished gag reflex, and perhaps hiccups (Caplan
and Stein, 1986). The palatine arch is flattened ipsilateral to the
lesion and fails to elevate on that side. A bilateral lesion of the vagal
nerve can produce bilateral palatine droop and profound dyspha-
gia and dyspnea to the point of respiratory embarrassment (Bo-
gousslavsky et al., 1990; Brazis, 2001). The feeling of dyspnea or
“shortness of breath” secondary to vocal cord hemiparesis has been
termed pseudoasthma.

SOLITARY NUCLEUS (SolNu)

The solitary nucleus (SolNu) is a long column of cells oriented cau-
dal-to-rostral and located in the dorsocentral medulla (Figure 4-6
and Figure 4-7), extending from the level of the decussation of the

medial lemniscus (see Plate 7) to that of the rostral portion of the
inferior olivary nucleus (see Plate 11). In all but the extreme cau-
dal portion of the solitary nucleus, it surrounds the solitary tract.
It is through this tract that the solitary nucleus receives afferent
fibers carrying visceral sensory information from the facial, glos-
sopharyngeal, and vagus nerves. The rostral pole of the solitary
complex, called the gustatory nucleus, receives afferent fibers from
taste buds in the tongue through cranial nerves VII, IX, and X.
The more caudal portions of the nucleus receive visceral afferent
fibers from the pharyngeal and laryngeal walls, as well as from the
cardiovascular and gastrointestinal systems. Closely related to the
solitary complex are the chemical trigger zone and vomit center.

Rostrally in the medulla, the solitary tract (see Plates 8 to 11) is
seen as a compact fiber bundle surrounded by solitary nucleus;
caudally, the tract diminishes and the nucleus approaches the mid-
line to fuse with its counterpart from the opposite side (see Plate
7), forming the commissural nucleus of the vagus. The solitary
tract is composed of primary afferent fibers from the facial, glosso-
pharyngeal, and vagal nerves.

Cells in the solitary nucleus send axons to many regions of the sur-
rounding brain stem such as the nucleus ambiguus, dorsal motor
nucleus of the vagus, and hypoglossal nucleus, as well as ascending
projections to the hypothalamus and thalamus. From the thala-
mus this information is sent to the primary visceral cortex located
in the insula of the cerebral cortex. As such, the solitary nucleus is
a major relay of visceral sensory information to the upper brain-
stem and ventral forebrain.

CLINICAL DISCUSSION: Dyspnea, pseudoasthma, vomit-
ing and possibly coughing due to interruption of the vagal reflex
arcs are signs of damage in the vicinity of the solitary nucleus or its
connections. Diminution or loss of the gag reflex can result from
lesions of the vagal afferent fibers or the solitary nucleus or tract.
Loss of taste can result from damage to the gustatory component
of the solitary nucleus.

Highlight Point
The clinical manifestations of unilateral
damage to the nucleus ambiguus or its
radiations, or the vagus nerve, can in-
volve:
Dysphonia
Dysphagia

Dyspnea
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DORSAL MOTOR NUCLEUS OF THE VAGUS

(DMNu)

The dorsal motor nucleus (DMNu) is a long column of cells locat-
ed in the central gray area between the solitary complex and the
hypoglossal nucleus (Figure 4-6 and Figure 4-7). It extends from
the caudal medulla (see Plate 7) to the level of the rostral portion of
the inferior olivary nucleus (see Plate 10). The dorsal motor nucle-
us is composed of preganglionic, parasympathetic neurons of the
vagus nerve and provides innervation to the viscera of the thoracic
and abdominal cavities. It receives afferent fibers from the solitary
nucleus as well as descending fibers from the hypothalamus.

CLINICAL DISCUSSION: Bilateral lesions involving the
dorsal motor nucleus can result in loss of parasympathetic outflow
to the viscera. Clinical indications of this are tachycardia and dila-
tion of the stomach.

HYPOGLOSSAL NUCLEUS (HyNu)

The hypoglossal nucleus (HyNu) is a long column of motoneurons
located in the ventral aspect of the central gray and extending from
the caudal border of the medulla (see Plate 7) to the midpoint on
the long axis of the inferior olivary nucleus (see Plate 9 and Figure
4-8). Its cells constitute the motoneurons of cranial nerve XII, pro-
viding innervation to the intrinsic muscles of the tongue. Portions
of this nucleus receive a bilateral innervation from corticonuclear
fibers; however, those motoneurons controlling the genioglossus
muscle are predominantly innervated by the contralateral cerebral
cortex.

CLINICAL DISCUSSION: Damage to the hypoglossal nu-
cleus (or the radiations of its nerve) results in denervation of the
tongue. Clinically, the tongue deviates toward the side of the lesion
on attempted protrusion. In addition, atrophy and fasciculations
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Figure 4-5. The origin and course of the anterolateral system in the brainstem
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are present in the muscles of the tongue on the side of the lesion
(Haymaker and Kulhlenbeck, 1976).

Lesions of the cerebral cortex or corticonuclear fibers can also
cause dysfunction in the hypoglossal nucleus. The genioglossus
muscle is mainly innervated by crossed corticonuclear fibers; it
will weaken with supranuclear lesions. The tongue deviates to the
side opposite the supranuclear lesion; however, fasciculations and
atrophy are not present (Brazis, 1996b).

PYRAMIDAL TRACT (Py)

The pyramidal tract (Py) is located in the ventromedial aspect of
the medulla next to the medial accessory olivary nucleus. Its fibers
originate from neurons in the motor area of the cerebral cortex.
These fibers control the mastery of fine, discriminative movements
of the extremities, particularly the distal musculature (Kennedy,
1990). At the cervicomedullary junction (see Plate 6), the pyrami-
dal tract decussates to the contralateral side and divides to form
the lateral and anterior corticospinal tracts (see Plate 5).

CLINICAL DISCUSSION: A lesion of the pyramidal tract
in humans can initially result in flaccid paralysis that eventually
resolves into hypertonia and spastic paralysis (Jagiella and Sung,
1989;Paulson et al., 1986;Milandre et al., 1990), as well as the
Babinski sign. The deficits appear in the limbs on the side con-
tralateral to the lesion. In the medulla, the pyramidal tract passes
close to the radiations of the hypoglossal nerve. Damage to one
can involve damage to the other simultaneously. The clinical sce-
nario for this situation features ipsilateral flaccid paralysis of the
tongue and contralateral paralysis of the extremities, a presenta-

Highlight Point

The clinical manifestations of damage
to the hypoglossal nucleus, its radia-
tions or the hypoglossal nerve can in-
clude:

Ipsilateral flaccid paralysis of
the tongue

Deviation of the tongue to the
injured side on attempted pro-
trusion

Fasciculations of the surface of
the tongue

tion termed medial medullary syndrome or inferior alternating
hemiparesis.

INTERNAL ARCUATE FIBERS (IAF)

The dorsal column nuclei (nucleus gracilis and cuneatus; Plates 6
to 8) project axons to the contralateral thalamus. As these axons
leave the ventral surface of their nucleus, they swing medially in a
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Figure 4-6. A medullary section (similar to Plate 11) illustrating the origin of the
motor and sensory components of the glossopharyngeal nerve (modified from

Barr and Kiernan, 1988)
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prominent arc, forming the internal arcuate fibers (IAF), decussate
over the midline, and gather into the medial lemniscus (see Plate
8). This latter tract ascends through the brain stem to reach the
ventroposterior lateral nucleus of the thalamus (see Plate 21).

CLINICAL DISCUSSION: Damage to the internal arcuate
fibers can present with loss of discriminative touch and vibratory
sense as well as a loss of position sense without the accompany-
ing ataxia. These results are similar to those involving damage to
the medial lemniscus, however, unlike the situation with the me-
dial lemniscus, the clinical signs all appear ipsilateral to the lesion.
Damage to the decussation of the medial lemniscus on the midline
can result in deficits that present bilaterally.

MEDIAL LONGITUDINAL FASCICULUS (MLF)

The medial longitudinal fasciculus (MLF or medial vestibulospinal
tract) has moved from its lateral position on the previous plate (see
Plate 6) into its more typical position along the midline of the brain
stem, dorsal to the tectospinal tract. For the remaining sections
through the rostral medulla (see Plates 7 to 11), these two tracts,
plus the medial lemniscus and pyramidal tract, form a midline col-
umn of white matter.

MEDIAL ACCESSORY INFERIOR OLIVARY NU-
CLEUS (MAONu)

A thin, angular band of cells in the ventral medulla is the first in-
dication of the large inferior olivary complex (see Plates 8 to 12).
The medial accessory inferior olivary nucleus (MAONu), visible
in Plate 7, will be replaced laterally, at more rostral levels by the
principal nucleus of the inferior olive. Like the principal nucleus,
the medial accessory nucleus projects its axons to the cerebellum.

Review Structures From Preceding Plates

Identify the following structures from preceding sections:
o Gracile fasciculus and nucleus (FGr and NuGr)
o  Cuneate fasciculus and nucleus (FCu and NuCu)
o Spinal trigeminal nucleus (SpTNu) and tract (SpTT)
o Anterolateral system (ALS)
o Dorsal spinocerebellar tract (DSCT)
o Ventral spinocerebellar tract (VSCT)
o Rubrospinal tract (RuSp)
o Tectospinal tract (TecSp)
o Vestibulospinal and reticulospinal tracts (VesSp and
RetSp)

Atlas Plate 8

Go to the Atlas

The section in Plate 8 is located in the caudal medulla, rostral to
the obex and passing through the olivary tubercle. Its salient fea-
tures are the opening of the fourth ventricle and the presence of the
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Figure 4-7. A medullary section (similar to Plate 10) illustrating the origin of the motor and sensory components of the
vagus nerve in the medulla (modified from Barr and Kienan, 1988)
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principal inferior olivary nucleus.

LATERAL (ACCESSORY OR EXTERNAL) CUNEATE
NUCLEUS (LCNu)

The lateral cuneate nucleus appears as swirled masses of gray em-
bedded in the lateral portion of the fasciculus cuneatus. It receives
large-caliber, primary afferent fibers from peripheral nerves in the
ipsilateral upper extremity. These fibers convey proprioceptive in-
formation from individual muscles. Lateral cuneate neurons give
rise to axons that join the ipsilateral inferior cerebellar peduncle
(see Plates 8 to 14) and terminate in the cerebellum. The lateral
cuneate nucleus performs a function similar to that of the dorsal
nucleus of Clarke in the spinal cord (see Plate 3), with the excep-
tion that its source of proprioception is large-caliber primary affer-
ent fibers from the upper extremity, whereas the dorsal nucleus of
Clarke receives its sensory information from the lower extremity.

CLINICAL DISCUSSION: Damage to the lateral aspect of
the spinal cord or to the inferior cerebellar peduncle in which lat-
eral cuneocerebellar fibers course can result in ataxia in the up-
per extremity on the side ipsilateral to the lesion (Peterman and
Siekert, 1960).

PRINCIPAL INFERIOR OLIVARY NUCLEUS (PONu)

The highly convoluted principal inferior olivary nucleus (PONu)
extends throughout most of the ventrolateral medulla (see Plates

Highlight Point

The clinical manifestations of damage to the py-
ramidal tract can involve:

Contralateral weakness
and spasticity

8 to 12). The massive expansion in size of this nucleus in primates
has created an enlargement, the olivary tubercle, on the external
surface of the medulla. Two additional structures are in close jux-
taposition with the principal nucleus: the dorsal accessory nucleus
and the medial accessory nucleus of the inferior olive.

The principal nucleus receives input ipsilaterally from the red nu-
cleus, contralaterally from the spinal cord and dorsal column nu-
clei, and bilaterally from the cerebral cortex. Its axons, known as
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Figure 4-8. The origin of the hypoglossal nerve and cranial portion of the accessory nerve

from the caudal medulla
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climbing fibers, have a powerful influence on the activity of Pur-
kinje cells in all parts of the contralateral cerebellum. It is part of
the cerebellar system of motor control and training.

CLINICAL DISCUSSION: Clinical evaluation of the inferior
olive in humans is not done routinely. Destruction of the inferior
olivary nucleus in nonhuman primates diminishes the ability of the
animal to learn new skilled motor activities (Ito, 1984).

The concept that the inferior olive is involved in motor learning has
received additional support in recent studies where motor learning
defects were described in patients with degenerative disease of the
inferior olive (Sanes et al., 1990;Thach et al., 1992).

MEDIAL LEMNISCUS (ML)

Large, myelinated axons from cells in the dorsal column nuclei
cross the midline as the internal arcuate fibers and coalesce into
a long, narrow bundle called the medial lemniscus (ML). These
fibers are joined by axons from nucleus Z in the caudal medulla
(Figure 4-4). The fibers of the medial lemniscus proceed rostrally
(see Plates 8 to 20) through the medulla, pons, and midbrain to ter-
minate in the ventroposterior lateral nucleus of the thalamus (see
Plate 21), contralateral to its origin. Throughout most of its course,
the medial lemniscus occupies a position dorsal to the pyramidal
tract and close to the midline. Since this tract is composed of out-
put from the dorsal column nuclei and nucleus Z, it contains most
of the ascending information on two-point discrimination as well
as vibratory and position sense.

CLINICAL DISCUSSION: The medial lemniscus contains
the output from the dorsal column nuclei and nucleus Z. Thus,
damaging this tract is similar to combined lesions of the dorsal
columns of the spinal cord and the cuneo- and dorsal spinocere-
bellar tracts. The patient experiences loss of two-point discrimina-
tion, position, and vibratory sense. Since, however, the axons of the
medial lemniscus have crossed the midline in the internal arcuate
fibers, its clinical signs localize on the side of the body contralateral
to the lesion. Finally, the finding of a small lesion in the ventral
portion of the medial lemniscus has been used to demonstrate the
topographic order of the medial lemniscal fibers (Lee et al., 2001).
The ventral portion of the fiber pathway contains representation of
the lower extremity and the dorsal portion, the upper extremity.

CENTRAL TEGMENTAL TRACT (CTT)

The central tegmental tract (CTT) is a large bundle of fibers form-
ing the major ascending and descending pathways for intrinsic
structures of the brain stem. It links the rostral brain stem with
the medulla. Among other things, the tract carries axons from the
gustatory nuclei in the rostral portion of the solitary complex to
the thalamus.

The caudal extreme of this tract surrounds the inferior olivary nu-
cleus (see Plate 8); rostrally, it extends beyond the red nucleus of
the midbrain to reach the intralaminar nuclei of the thalamus (see
Plate 21). Throughout the brain stem, it courses approximately in
the center of the reticular formation.

CLINICAL DISCUSSION: Destruction of the central teg-

mental tract is reported to result in palatal myoclonus, which pres-

ents as rhythmic contractions of the palate.

INFERIOR CEREBELLAR PEDUNCLE (ICP)

The inferior cerebellar peduncle (ICP) is a massive fiber bundle
formed by the union of the dorsal spinocerebellar tract and the ol-
ivocerebellar fibers from the contralateral inferior olive, that passes
upward from the dorsolateral surface of the medulla to enter the
cerebellum (see Plates 8 to 14). In its ascent it is joined by cuneo-
cerebellar axons from the accessory cuneate nucleus. These fiber
tracts carry proprioceptive information from the musculoskeletal
system and terminate primarily in the anterior lobe of the cerebel-
lum.

CLINICAL DISCUSSION: The destruction of the inferior
cerebellar peduncle can result in ataxic movements of the extrem-
ities on the ipsilateral side of the body (Adams et al., 1997). Clin-
ically, this presents as veering or leaning to the side of the lesion,
and clumsiness with the ipsilateral hand (Caplan and Stein, 1986).

DORSAL LONGITUDINAL FASCICULUS (DLF)

A small fiber bundle located in the dorsal and medial portion of the
medulla represents the dorsal longitudinal fasciculus (DLF). This
composite tract extends from the hypothalamus (see Plate 22) to
the caudal aspect of the medulla. Fibers from the hypothalamus,
descending in this fasciculus, influence the brain stem nuclei in-
volved in regulating the autonomic nervous system.

Review Structures From Preceding Plates

Identify the following structures from preceding sections:
o  Cuneate nucleus (NuCu) and fasciculus (FCu)
o Nucleus ambiguus (NuAm)
«  Hypoglossal nucleus (HyNu)
o Spinal trigeminal nucleus (SpTNu) and tract (SpTT)
+  Pyramidal tract (Py)
o Internal arcuate fibers (IAF)
o Anterolateral System (ALS)
o Rubrospinal tract (RuSp)
o Vestibulospinal and reticulospinal tracts (VesSp and
RetSp)
o Medial longitudinal fasciculus (MLF)
o Tectospinal tract (TecSp)
o Dorsal motor nucleus of the vagus (DMNu)
o Medial accessory nucleus of the inferior olive (MAONu)
o Ventral spinocerebellar tract (VSCT)
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Atlas Plates 9 and 10

Go to the Atlas

Go to the Atlas

Atlas Plates 9 and 10 are taken from the central portion of the me-
dulla. The salient features of these sections are the expanded size of
the inferior cerebellar peduncle and the prominent inferior olive.

MEDIAL VESTIBULAR NUCLEUS (MVNu)

The medial vestibular nucleus (MVNu) is located dorsolateral to
the dorsal motor nucleus and solitary complex of the vagus. It is
involved in coordinating head, neck, and eye movements. The nu-
cleus receives primary afferent fibers from the semicircular canals
of the ipsilateral vestibular apparatus and projects ascending and
descending fibers into the medial longitudinal fasciculus. The de-
scending fibers are distributed bilaterally to the spinal cord. At the
cervicomedullary junction, this fiber tract is often renamed the
medial vestibulospinal tract. Some of the ascending fibers from the
medial vestibular nucleus reach the contralateral abducens nucle-
us; this connection is a major component of vestibular control over
horizontal gaze (see Chapter 5).

CLINICAL DISCUSSION: Damage to the medial vestibular

spinal tract in the medulla has been noted to produce a nystagmus.

SPINAL VESTIBULAR NUCLEUS (SpVNu)

The spinal (or inferior) vestibular nucleus (SpVNu) is located
between the medial vestibular and the lateral cuneate nuclei.
It is the most caudal nucleus of the vestibular complex. Pri-
mary afferent fibers to the spinal vestibular nucleus arise in
the saccule and utricle of the ipsilateral vestibular apparatus;

the efferent fibers of this nucleus enter the inferior cerebellar
peduncle and terminate in the ipsilateral cerebellum. It also
innervates the ipsilateral inferior olivary nucleus.

CLINICAL DISCUSSION: Damage to the vestibular nuclei
or their tracts in the medulla can result in the central vestibular
syndrome. The three signs are nystagmus, vertigo, and the presence
of a Romberg sign. Unlike the peripheral vestibular syndrome, the
central vestibular syndrome is said to be more permanent in na-
ture. It also differs in the consistency of its presentation. The nys-
tagmus can be of multiple different types: unilateral, bilateral, hor-
izontal, rotary, or vertical. Nystagmus of central vestibular origin
usually is not altered by visual fixation. The vertigo experienced in
central vestibular syndrome can be ill defined and continuous, and
the Romberg sign, elicited by closing the eyes while standing, can
occur to either side (Biller and Brazis, 1996b).

LATERAL RETICULAR NUCLEUS (LRNu)

The lateral reticular nucleus (LRNu) is found in the ventrolateral
medulla, positioned between the rubrospinal tract (dorsally) and
the anterolateral system (ventrally). It receives fibers from a variety
of sources (e.g., the spinal cord, cerebral cortex, and red nucleus)
and projects its axons, via the inferior cerebellar peduncle, to the
ipsilateral cerebellum.

PREPOSITUS HYPOGLOSSAL NUCLEUS (NuPP)

The nucleus prepositus hypoglossi (NuPP; Plates 10 and 11) is lo-
cated in the dorsal medulla between the hypoglossal (see Plate 9)
and abducens nuclei (Plate 12). It receives information from the
cerebellum, accessory optic nuclei in the midbrain, and vestibular
nuclei. It projects to all the extraocular eye muscle motor nuclei:
abducens, trochlear, and oculomotor, as well as to the paramedi-
an pontine reticular formation, a region that controls conjugate
horizontal eye movements (see Chapter 4). The prepositus hypo-
glossal nucleus participates in controlling eye movements, possibly
by stabilizing the eyes in their new position following a saccade.
Electrical stimulation of the nucleus results in ipsilateral conjugate
horizontal movement of the eyes.

CLINICAL DISCUSSION: Lesions in this area of the brain
stem, of nonhuman primates, disturb optokinetic eye movements
(Bender, 1980).

DORSAL ACCESSORY INFERIOR OLIVARY NU-
CLEUS (DAONu)

The dorsal inferior accessory nucleus is a narrow band of olivary
neurons on the dorsomedial border of the inferior olive. Like the
principal nucleus of the olive, it projects its axons to the cerebel-
lum.

Review Structures From Preceding Plates

Identify the following structures from preceding sections:
o Lateral cuneate nucleus (LCNu)
o Solitary nucleus (SolNu) and tract (SolTr)
o Dorsal motor nucleus of the vagus (DMNu)
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o Nucleus ambiguus (NuAm)

o Hypoglossal nucleus (HyNu)

o Spinal trigeminal nucleus (SpTNu) and tract (SpTT)

o  Principal olivary nuclei (PONu)

o Inferior cerebellar peduncle (ICP)

o  Central tegmental tract (CTT)

o Pyramidal tract (Py)

e  Medial lemniscus (ML)

o Anterolateral system (ALS)

o Rubrospinal tract (RuSp)

o Vestibulospinal and reticulospinal tracts (VesSp and
RetSp)

o Medial longitudinal fasciculus (MLF)

o Dorsal longitudinal fasciculus (DLF)

o  Tectospinal tract (TecSp)

Atlas Plate 11

Go to the Atlas

Atlas Plate 11 passes through the medulla as the inferior cerebellar
peduncle begins its ascent into the cerebellum. The cochlear nu-
cleus, overhanging the inferior cerebellar peduncle, is a prominent
feature of this section.

COCHLEAR NUCLEUS (CoNu)

The cochlear nucleus (CoNu) is the first nucleus in the central au-
ditory pathways. It receives primary afferent fibers from the ipsilat-
eral auditory nerve and its projections reach the superior olivary
nuclei bilaterally (Plate 14) as well as the contralateral inferior col-
liculus (Plate 17).

CLINICAL DISCUSSION: Destruction of a cochlear nucle-
us can result in unilateral sensorineural deafness, ipsilateral to the
lesion.

SUPERIOR VESTIBULAR NUCLEUS (SVNu)

The superior vestibular nucleus (SVNu) is a small cluster of neu-
rons positioned dorsal to the lateral vestibular nucleus along the
lateral wall of the fourth ventricle. The superior vestibular nucle-
us receives primary afferent fibers from the semicircular canals of
the ipsilateral vestibular apparatus as well as axons from the cere-
bellum. It projects ascending axons into the medial longitudinal
fasciculus to innervate the extraocular eye muscle motor nuclei.

This nucleus and its connections are a part of the vestibular system
involved in coordinating head and eye movements.

INFERIOR SALIVATORY NUCLEUS (ISNu)

The inferior salivatory nucleus (ISNu) is located at the rostral end
of the dorsal motor nucleus of the vagus and ventral to the me-
dial vestibular nucleus. It contains preganglionic, parasympathetic
neurons that innervate the otic ganglion and control secretions of
the parotid gland.

CLINICAL DISCUSSION: Lesion of the inferior salivatory
nucleus or of its efferent fibers in the glossopharyngeal nerve re-
sults in loss of salivary release from the ipsilateral parotid gland.

RAPHE NUCLEI (RaNu)

The raphe nuclei (RaNu) are located along the midline of the me-
dulla, sandwiched between the two fiber bundles of the medial
lemniscus. Many cells in this complex produce the neuromodu-
lator serotonin. Their fibers form diffuse tracts that descend in the
dorsolateral funiculus of the spinal cord and innervate the dorsal
and ventral horns. One function of the raphe-spinal system is to
modulate the processing of pain in the dorsal horns. Appropriate
production of serotonin also seems to be necessary for the onset
of sleep.

CLINICAL DISCUSSION: Information on isolated lesions of
the raphe nuclei or raphe-spinal system in humans is unavailable;
however, chemically blocking this system with naloxone in human
subjects can decrease their threshold of pain (Basbaum and Fields,
1978).

Review Structures from Preceding Plates

Identify the following structures from preceding sections:
o Nucleus ambiguus (NuAm)
o Principal olivary nucleus (PONu)
o Solitary nucleus (SolNu) and tract (SolTr)
o Spinal trigeminal nucleus (SpTNu) and tract (SpTT)
o Spinal vestibular nucleus (SpVNu)
¢ Medial vestibular nucleus (MVNu)
o Prepositus hypoglossal nucleus (NuPP)
o Inferior cerebellar peduncle (ICP)

Highlight Point

The clinical manifestations of the pe-
ripheral vestibular system can involve:

Vertigo
Nystagmus
Limb drift
Rhomberg sign
Tinnitus
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o Central tegmental tract (CTT)

o  Medial lemniscus (ML)

o Anterolateral system (ALS)

o Pyramidal tract (Py)

o Rubrospinal tract (RuSp)

o Medial longitudinal fasciculus (MLF)

o Dorsal longitudinal fasciculus (DLF)

o Dorsal accessory olivary nucleus (DAONu)

Atlas Plate 12

Go to the Atlas

Atlas Plate 12 straddles the pontomedullary junction. The dorsal
portion of the section, containing the abducens motor nucleus and
facial motor nucleus, enters the pons; the ventral portion passes
through the olivary tubercle and pyramids of the medulla. The
pontine portion will be examined in Chapter 5.

VESTIBULOCOCHLEAR NERVE ROOT (VCNr)

The vestibulocochlear nerve (VCNr) can be seen entering the brain
stem laterally. It is positioned ventral to the middle cerebellar pe-
duncle and in close juxtaposition with the pontobulbar nucleus.
This nerve carries primary afferent fibers from the cochlea and the
vestibular apparatus (utricle, sacculus, and three ampullae of the
semicircular canals) to the brain stem. The cell bodies of origin
for axons in this composite nerve are found in the spiral ganglion
(cochlear portion of the nerve) and Scarpas ganglion (vestibular
portion of the nerve).

CLINICAL DISCUSSION: Damaging the vestibulo-cochlear
nerve or the roots of the nerve as it enters the brainstem can re-
sult in unilateral deafness sometimes accompanied by tinnitus; it
also can result in the peripheral vestibular syndrome featuring nys-
tagmus, vertigo, limb drift, and a Romberg sign. Unlike the previ-
ously described central vestibular syndrome, vestibular syndrome
arising from peripheral damage is usually short-lived, but can be
accompanied by a severe, paroxysmal vertigo. Also, all of its signs
tend to be aligned in one direction. The slow component of the
ocular drift in nystagmus, the fall in the Romberg test, and the drift
in the outstretched arm are to the side of the lesioned nerve (Biller
and Brazis, 1996b).

LATERAL VESTIBULAR NUCLEUS (LVNu)

The lateral vestibular nucleus (LVNu) is wedged between the me-

dial vestibular nucleus and the inferior cerebellar peduncle. It is
penetrated by myelinated fibers and hence appears darkened in
myelin-stained preparations. This nucleus receives primary affer-
ent fibers from the utricle of the ipsilateral vestibular apparatus;
it also receives a significant projection from the Purkinje cells in
the ipsilateral cerebellum. Its axons innervate motoneurons in the
limb portions of the ventral horn of the spinal cord via the lateral
vestibulospinal tract. These fibers convey information with regard
to posture and gravity to the motoneurons of the limb extensor
muscles.

CLINICAL DISCUSSION: Isolated lesions of the lateral
vestibular nucleus or its tract in humans have not been reported.
However, damage done to this system in experimental situations
with nonhuman mammals decreases the tone in the extensor mus-
cles of the extremities (Lawrence and Kuypers, 1968b).

PONTOBULBAR NUCLEI (PBNu)

A thin band of cells under the inferior cerebellar peduncle is seen
at the pontomedullary border. These cells form the pontobulbar
nucleus (PBNu) and represent the caudal extension of the pontine
nuclei. The nucleus receives axons from the contralateral cere-
bral cortex and forms projections to the contralateral cerebellum
(Olszewski and Baxter, 1982). Its function is similar to that of the
pontine nuclei and will be discussed in Chapter 5.

Review Structures From Preceding Plates

Identify the following structures from preceding sections:
o  Principal olivary nuclei (PONu)
o  Spinal trigeminal nucleus (SpTNu) and tract (SpTT)
o Cochlear nucleus (CoNu)
e  Medial vestibular nucleus (MVNu)
o  Superior vestibular nucleus (SVNu)
o Prepositus hypoglossal nucleus (NuPP)
o Inferior cerebellar peduncle (ICP)
o  Central tegmental tract (CTT)
o  Medial lemniscus (ML)
o Anterolateral system (ALS)
+  Pyramidal tract (Py)
o Rubrospinal tract (RuSp)
«  Medial longitudinal fasciculus (MLF)
« Dorsal longitudinal fasciculus (DLF)
«  Medial accessory inferior olivary nucleus (MAONu)
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Case Study 4-2

Chief Complaint
This was a 43-year-old, right-handed man with a chief complaint of headaches, slurred speech, and weakness in his
right arm and leg.

History of Chief Complaint

The headaches began 3 weeks ago, and 2 weeks ago he noticed the onset of limb weakness and slurred speech. These
symptoms resolved in 12 hours and reccurred several times in the next 48 hours. Twelve days ago the neurologic
symptoms reappeared rapidly. Currently, the headaches have abated, but the weakness and dysarthria remain.

Medical History

The patient was an accountant in a large business firm and regularly worked 60 to 70 hours per week. He was being
treated for hypertension, but admitted to recently decreasing his medications without the consent of his physician. He
had a 30-pack-year history of smoking and consumed several ounces of alcohol daily. He denied the use of alcohol
during the past 24 hours.

General Physical Examination

This a stable, well-nourished, alert, oriented man who appeared his stated age. He could comprehend spoken and
written language, but had dysarthria. His speech was thickened, as if his tongue was swollen. Heart sounds were nor-
mal, blood pressure was high (150/99). Pulse rate and respirations were normal; chest was clear to auscultation and
percussion. Abdomen was soft with no lumps, masses, or tenderness.

Neurologic Examination

Mental Status. He was alert and oriented with respect to person, time and place. His speech was dysarthric; however,
word-finding ability, comprehension, and repetition were all normal. His reading and writing were appropriate. His
fund of knowledge was intact.

Cranial Nerves. His tongue deviated to the left on attempted protrusion. The surface of the tongue on the left side was
wrinkled, and muscular fasciculations were present. All other cranial nerves were intact.

Motor Systems. His right upper and lower limbs were noticeably weaker than those on the left. He had elevated deep
tendon reflexes in the right limbs and increased muscle tone in both right limbs. A Babinski reflex was present on the
right. All other regions were intact.

Sensory. All sensory systems were intact. There was no loss of pinprick or thermal sensation, no loss of vibratory, dis-
criminative sensation, and no loss of proprioception throughout his body.

Follow-up
Re-examination at 3 months following discharge finds that his speech has completely cleared and gross motor strength
has returned to normal. His deep tendon reflexes remain elevated on the right upper and lower extremities.

QUESTIONS

1. Has the patient experienced any changes in consciousness or cognition, language function or spatial recogni-
tion, personality or emotional behavior, or any loss in memory?

2. Does the patient exhibit any loss of vision and if so, where in the visual field is the loss? Are there any visual
hallucinations present in this patient?

3. Are there any changes in cranial nerve function and if so, are they signs of suprasegmental or segmental level
defects?

4.  Are there any changes in motor function such as reflexes, muscle tone, movement, or coordination and if so,
are they signs of suprasegmental or segmental level defects?
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5. Are there any changes in sensory function and if so, what levels of the body have experienced this change?

6.  What is the clinical temporal profile of this patient’s neurologic problem: is the onset of neurologic findings acute or insidious,?
Is the course of the neurologic disease chronically progressive, fluctuant or stable?

7. Based on the presenting signs and symptoms do you think the distribution of the neurologic pathology is focal, multifocal or

diffuse?

8. Based on the answers to these questions develop a differential diagnosis of the patients neurological problemIf the origin is
vascular, what arterial supply is involved with the lesion in this patient?

9. If the origin of the pathology is vascular, what arterial supply is most likely involved with the lesion in this patient?

» DISCUSSION I

Medullary Vasculature

The medullary vasculature is derived from the vertebral and spi-
nal arteries. These two sources represent the posterior circulatory
contributions to the circle of Willis. Plates 6 through 12 illustrate
the general distribution of these vessels in the medulla. Each vessel
has perforating branches that perfuse a longitudinal zone of tissue.
Although the spinal cord has only two vascular zones—anterior
and posterior—supplied by separate arteries, a third or lateral zone
has developed in the medulla (Duvernoy, 1978). Although sharp
boundaries have been depicted for these zones in the atlas plates, it
should be understood that considerable overlap and anastomosis
could exist in vivo.

The anterior zone (fine screen shading, Plates 6 to 12) is perfused
by medial branches of the anterior spinal artery caudally and me-
dial branches of the basilar artery rostrally. This zone can be parti-
tioned into anteromedial and anterolateral bundles of penetrating
arteries. In total, the anterior zone supplies the midline structures,
including the pyramidal tract, medial lemniscus, medial longitudi-
nal fasciculus, and hypoglossal nucleus and its radiations.

In the caudal medulla, the lateral zone (no shading, Plates 6 to 12)
receives its perfusion by the lateral branches from the vertebral
and posterior inferior cerebellar artery. At more rostral levels, the
circumferential or lateral branches of the basilar artery and the
anterior inferior cerebellar artery perfuse this zone. The lateral
circulation supplies the nucleus ambiguus of the vagus, portions
of the spinal trigeminal nucleus and tract, ventral portions of the
inferior cerebellar peduncle, the anterolateral system, and portions
of the medullary reticular formation, including the descending fi-
bers modulating the autonomic nervous system of the spinal cord.

The posterior zone (small crosses, Plates 6 to 12) is perfused by the
posterior spinal artery and by posterior branches of the posteri-

or inferior cerebellar artery caudally. Rostrally this zone is absent
(Plate 13). The posterior circulation supplies the dorsal columns
and their nuclei (gracilis and cuneatus), the caudal portion of the
vestibular nuclei, the dorsal motor nucleus of the vagus, the in-
ferior cerebellar peduncle, and portions of the spinal trigeminal
nucleus and its tract.

Medullary Vascular Syndromes

Infarction or occlusion of a specific artery can lead to loss of func-
tion in the zone serviced by the damaged vessel and its branches.
When this occurs in a penetrating vessel in a non-cortical por-
tion of the cerebrum or brain stem, it is called a lacunar infarction.
There are numerous constellations of presenting neurologic signs
and symptoms that can be related to lacunar infarctions in the dis-
tribution of specific arteries. Such constellations are referred to as
arterial syndromes. Adams and Victor present a detailed review
of brain stem arterial or neurovascular syndromes (Adams et al.,
1997). Four vascular-related sets of neurologic constellations are
described in the clinical literature for the medulla: the medial, lat-
eral, and unilateral medullary syndromes plus a lateral pontomed-
ullary syndrome.

Medial Medullary Syndrome

Medial medullary syndrome (Table 4-1) involves reduced perfu-
sion in the anterior zone of the medulla. It can result from damage
to the vertebral or anterior spinal artery or their medial branches.
Tissue destruction centers on midline structures. The neurologic
presentation can involve spastic paralysis, weakness, and elevated
tendon reflexes in the extremities on the contralateral side; flaccid
paralysis, weakness, and fasciculations in the ipsilateral muscula-
ture of the tongue; and loss of primary sensory systems (tactile
and proprioceptive sense) from the contralateral side of the body
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(Adams et al., 1997). The combination of ipsilateral tongue paral-
ysis and contralateral limb paralysis is referred to as inferior alter-
nating hemiplegia. Presentation of the medial medullary syndrome
is rare; however, when it does occur it can be bilateral in distribu-
tion (Bassetti et al., 1997;Gan and Noronha, 1995;Ho and Meyer,
1981;Kim et al., 1995;Toyoda et al., 1996). It also has been observed
to occur consequent to intervenous injection of nonprescription
drugs (Mizutani et al., 1980).

Lateral Medullary Syndrome

Lateral medullary syndrome (Table 4-2) involves reduction in per-
fusion to the lateral and/or posterior zones in the medulla. It can
result from damage to the vertebral artery or its lateral branches,
such as the posterior inferior cerebellar artery. The focus of tis-
sue destruction lies in the upper lateral quadrant of the medulla
(Baker, 1961). The neurologic presentation can involve numerous
structures in the upper lateral quadrant of the medulla, such as the
inferior cerebellar peduncle, spinal trigeminal complex, nucleus
ambiguus, vestibular nuclei and anterolateral tract (Peterman and
Siekert, 1960;Currier et al., 1961). The patient can present with any
or all of the following: loss of pain and temperature sensation from
the ipsilateral face and contralateral body, Horner’s syndrome,
hoarseness and dysphagia, ataxia of the ipsilateral limbs, vertigo,

diplopia, nausea and vomiting, and nystagmus. The initial presen-
tation may also include sharp, burning pains from the face pre-
sumably due to irritation of the trigeminothalamic fibers (Caplan
and Gorelick, 1983). The loss of pain and temperature sensation
from the ipsilateral face and contralateral body is called alternating
analgesia.

Unilateral Medullary Syndrome

The unilateral medullary syndrome can result from complete oc-
clusion of a vertebral artery. A caudal hemisection of the medulla is
involved in the lesion, with restricted perfusion to all three zones:
anterior, lateral, and medial. The neurologic presentation combines
part or all of the medial and lateral medullary syndromes.

Lateral Pontomedullary Syndrome

The lateral pontomedullary syndrome can result from occlusion of
the lateral perfusion branches of the basilar artery rostrally, at the
pontomedullary junction. It presents with many of the same signs
as seen in the lateral medullary syndrome: alternating analgesia,
appendicular ataxia, and dysarthria; however, an ipsilateral facial
paresis (facial nerve or nucleus) as well as vestibular dysfunction
such as nystagmus (Fisher, 1989) and/or diminished hearing func-
tions (cochlear nucleus and its efferent fiber tracts) can also occur
(Brazis, 1996¢).

NEUROLOGIC SIGN ANATOMIC SOURCE

CONTRALATERAL

Body hemianalgesia

Medullary corticospinal tract

IPSILATERAL

Hemifacial analgesia

Spinal trigeminal nucleus and
tract

Limb ataxia Inferior cerebellar peduncle or

spinocerebellar tracts

NEUROLOGIC SIGN ANATOMIC SOURCE
CONTRALATERAL
Spastic paralysis Medullary corticospinal tract

Diminished tactile and pro-
prioceptive sense

Medial Lemniscus

Nystagmus

Medial Longitudinal Fascic-
ulus

IPSILATERAL

Tongue hemiparalysis with
atrophy

Hypoglossal nucleus, radia-
tions or nerve

Nystagmus

Medial longitudinal fasciculus

Nystagmus with diplopia

Medial Longitudinal Fascic-
ulus

Horner’s syndrome

Descending fibers controlling
the autonomic nervous system

Hiccups

Medullary respiratory control
system

Dysphagia, dysphonia and
dyspnea

Vagal and glossopharyngeal
structures

Body hemiparesthesias

Irritation of the dorsal col-
umn-medial lemniscal system

Headache in upper cervical
region

Arterial irritation

Table 3-1. Possible origins of neurological signs in the
medial medullary syndrome (modified from Adams and
Victor, 1997; Caplan and Stein, 1986)

Table 3-2. Possible origins of neurologic signs in the lateral
medullary syndrome (modified from Adams and Victor,

1997; Caplan and Stein, 1986)
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Chapter 5
The Pons

» INTRODUCTION

The word pons means “bridge,” an image evoked in reference to
the middle cerebellar peduncle, which forms a prominent span
across the ventral aspect of this portion of the brain stem. Within
the pons are longitudinal fiber tracts connecting the spinal cord
with midbrain and thalamus as well as the nuclei and radiations
of four cranial nerves: trigeminal, abducens, facial, and portions
of the vestibulocochlear. Pontine functions include the control of
horizontal eye movements and participation in the ascending acti-
vation system, which controls cerebral cortical neural activity. The
major blood supply to the pons arises from branches of the basilar
artery and creates a series of perfusion zones similar to those pres-
ent in the medulla. Cerebrovascular accidents in specific perfusion
zones of the basilar arterial branches can present as recognized
pontine syndromes. In this chapter the nucleus and tracts of the
pons will be examined, its blood supply will be studied, and several
clinicopathologic cases related to the pons will be considered.

GENERAL OBJECTIVES

1. To learn the location and function of major ascending
and descending fiber tracts in the pons

2. To learn the location and function of the cranial nerves
and their nuclei in the pons

3. To learn the presenting signs and symptoms consequent
with lesions involving major tracts and cranial nuclei in
the pons

4. To apply the preceding knowledge to an understanding
of the clinical manifestations of major pontine vascular
lesions

INSTRUCTIONS

In this chapter you will be presented with one or more clinical case
studies. Each study will be followed by a list of questions that can
best be answered by using a knowledge of regional and functional
neuroanatomy and by referring to outside reading material. Fol-
lowing the questions will be a section devoted to structures from
a specific region of the central nervous system. Before attempting
to answer the questions, compile a list of the patient’s neurologic
signs and symptoms; then examine the structures and their func-
tions and study their known clinical deficits. After becoming fa-
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miliar with the material, reexamine the list of neurologic signs and
symptoms and formulate answers to the questions. Be aware that
some of the questions can have multiple responses or require infor-
mation beyond the scope of this manual. It may be necessary to ob-
tain material or advice from additional resources, such as specialty
texts, a medical dictionary, or clinical personnel.

MATERIALS
1. A human brain stem or model
2. An atlas of the human brain stem

3. A medical dictionary

Chapter Five Topics:
Case Study 5-1

DISCUSSION |

Pontine Structures

Atlas Plate 12
MIDDLE CEREBELLAR PEDUNCLE (MCP)
ABDUCENS NUCLEUS (AbNu) AND ITS RADIATIONS
FACIAL NUCLEUS (FacNu) AND ITS RADIATIONS (FacNr)
COCHLEAR NUCLEUS (VCNu)
PONTINE RETICULAR FORMATION (PRetF)

Atlas Plate 13
SUPERIOR SALIVATORY NUCLEUS (SSNu)
SUPERIOR OLIVARY NUCLEI (SONu)
TRAPEZOID BODY (TrapB)

MESENCEPHALIC TRIGEMINAL NUCLEUS AND TRACT
(MesNu and Tr)

SUPERIOR CEREBELLAR PEDUNCLES (SCP)
ARCUATE NUCLEUS (ArcNu)

CENTRAL TEGMENTAL TRACT (CTT)
INFERIOR CEREBELLAR PEDUNCLE (ICP)

Atlas Plate 14
PONTINE NUCLEI (PonNu)
PONTOCEREBELLAR FIBERS (PCeF)
RADIATIONS OF THE ABDUCENS NERVE (AbNr)

CHIEF SENSORY NUCLEUS OF THE TRIGEMINAL
NERVE (CSNu)

TRIGEMINAL MOTOR NUCLEUS (TriMoNu)
SUPERIOR OLIVE (MSO, LSO)
LATERAL LEMNISCUS (TRACT AND NUCLEJ) (LL)

PARAMEDIAN PONTINE RETICULAR FORMATION
(PPRF)

CORTICOSPINAL TRACT (CST)

Atlas Plate 15
CENTRAL GRAY (CeGy)
LOCUS COERULEUS (LoCer)
RAPHE COMPLEX (RaNu)
VENTRAL TRIGEMINOTHALAMIC TRACT (VTTr)
VENTROSPINOCEREBELLAR TRACT (VSCT)
RADIATIONS OF THE TRIGEMINAL NERVE (TriNr)

Atlas Plate 16
SUPERIOR CEREBELLAR PEDUNCLE (SCP)
LATERAL LEMNISCUS AND NUCLEI (LL, LLNu)
TRIGEMINAL NERVE (TriNr)
CORTICONUCLEAR FIBERS (CoNF)

Atlas Plates 17 to 20
CORTICOPONTINE FIBERS (CoPF)

Case Study 5-2
DISCUSSION I

Pontine Vasculature

Arterial Distribution

Arterial Anastomosis

Arterial Syndromes
Medial Pontine Syndrome
Lateral Pontine Syndrome

Compression Syndromes

Reference List
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Case Study 5-1

Chief Complaint
A 55-year-old right-handed man was brought to the emergency room by his wife because of the sudden onset of slurred
speech and extreme difficulty in walking.

History of Chief Complaint

He had experienced several episodes of weakness over a two-day period prior to his presentation. On the morning of
his presentation he experienced a sudden onset of weakness and had fallen in the bathroom. He was unable to get up
without his wife’s assistance. Once he was upright, he found that his right leg felt very weak and dragged slightly as he
attempted to walk. He also found that his right arm would not support him as he attempted to lean on the wall. He also
complained of difficulty looking to the left, but he denies any double vision. His wife stated that the left side of his face
looked different.

Medical History

The patient was a professional accountant involved in management. He was married, with three children, one of whom
was still living with him. He had enjoyed good health except for elevated blood pressure since turning 45 years of age.
He had a 10-pack-year history of smoking but quit all smoking at age 47. He is currently taking no medication.

Family History
His father died at 52 from cardiovascular disease and his mother at 49 from breast cancer. He has a 57-year-old brother
who had coronary artery bypass surgery at age 53.

General Physical Examination

This was a stable, alert, oriented, cooperative, male, appearing his stated age and reclining in bed. He demonstrated
appropriate concern about his condition. He had an asymmetric facial expression. His eyes were clear with no pap-
illedema; his chest was clear to auscultation and percussion; his respirations and temperature were normal. His blood
pressure was 193/98 and pulse rate was 90. Peripheral pulses were present at the wrists but absent bilaterally at the
ankles. His abdomen was soft with no signs of tenderness or masses; a large scar in the lower right quadrant of the
abdomen was residual from an old appendectomy. His skin was soft and warm, with normal turgor.

Neurologic Examination

Mental Status. The patient was alert, oriented for person, place and time, and cooperative. His speech was dysarthric
but fluent. Memory, language, and comprehension were intact. He could follow three-step commands. He gave a co-
herent history.

Cranial Nerves. There was no evidence of double vision, and his visual fields were intact to confrontation. His pupils
were 3 to 4 mm in diameter and reactive to light, both direct and consensual. The patient had volitional conjugate
vision vertically in both directions and to the right, but not to the left. Both eyes could be deflected to the left with the
doll's head maneuver. Convergence movements in both eyes were intact. He had normal hearing (tested to finger rub)
in both ears. His corneal reflex was present on the right but diminished on the left; however, brushing the left cornea
was painful to him. His facial expression was asymmetric. The left side of his mouth was open slightly and did not move
when he spoke, his left eyelid would not shut as tightly as the right, and the wrinkles of the left side of the forehead were
less pronounced than those on the right. When he attempted to puff out his cheeks, air escaped from the left side of his
mouth. The jaw-jerk and gag reflexes were intact. His palate elevated along the midline

Motor Systems. Strength was reduced in both extremities on the right compared to those on the left. Tendon reflexes
were elevated at the wrist, elbow, knee, and ankle on the right (+3/4) and were normal in all places in the left extrem-
ities. Plantar reflexes were extensor on the right and flexor on the left. No past-pointing was present on the left, and
finger-to-nose and heel-to-shin tests were normal for that extremity. He was unable to execute these tests with the right
extremities. His right upper extremity was flexed at the elbow and resisted passive movement; his right lower extremity
was extended and resisted flexion, even as he attempted to walk. Normal tone and station were present in the left limbs.

Sensation. Pinprick, light touch, and position and vibratory senses were intact throughout body and face.

Follow-up
He remained in the hospital for 3 days and was discharged home with assistance from a day nurse. A re-evaluation
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done at 2.5 months post hospital discharge found almost complete recovery of gross motor strength in the right ex-
tremities with power at +4/5 for flexion and extension at the elbow, wrist, knee, and ankle. Grip strength was +4/5 on
the right and 5/5 on the left. Deep tendon reflexes remained elevated at +3/4 at the elbow, wrist, knee and ankle. There
was a very mild lack of coordination in the fine motor control of the right arm. Eye movements were complete in all
fields. He had a mild residual facial asymmetry involving the area around his eye and his mouth.

QUESTIONS

1. Has the patient experienced any changes in consciousness or cognition, language function or spatial recogni-
tion, personality or emotional behavior, or any loss in memory?

2. Does the patient exhibit any loss of vision and if so, where in the visual field is the loss? Are there any visual
hallucinations present in this patient?

3. Are there any changes in cranial nerve function and if so, are they signs of suprasegmental or segmental level
defects?

4. Are there any changes in motor function such as reflexes, muscle tone, movement, or coordination and if so,
are they signs of suprasegmental or segmental level defects?

5. Are there any changes in sensory function and if so, what levels of the body have experienced this change?

6. What is the clinical temporal profile of this patient’s neurologic problem: is the onset of neurologic findings
acute or insidious, and is the course of the neurologic disease chronically progressive, fluctuant or stable?

7. Based on the presenting signs and symptoms, do you think the distribution of the neurologic pathology is
focal, multifocal or diffuse?

8. Based on the answers to these questions develop a differential diagnosis of the patient’s neurological problem?

9. If the origin of the pathology is vascular, what arterial supply is most likely involved with the lesion in this
patient
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» DISCUSSION I

Pontine Structures

The word “pons” means bridge, and the pons is a bridgelike struc-
ture that spans the brainstem between the two cerebellar hemi-
spheres (see Chapter 1). The pons is traversed by several of the long
ascending and descending tracts; in addition, there are numerous
intrinsic nuclei related to the trigeminal, abducens and vestibulo-
cochlear cranial nerves, and the surrounding reticular formation.
These items are listed on the slides described later; the abbrevia-
tion following the name of each item corresponds to that used to
identify the structure on the atlas plate. The first time you encoun-
ter a given structure, its description will be provided along with
comments on function and any clinical deficit consequent to its
destruction. For subsequent sections, the structure will be men-
tioned by name only unless significant changes have occurred in
its location or composition.

Atlas Plate 12

Go to the Atlas

Atlas Plate 12 straddles the pontomedullary junction. The dorsal
portion of the section, containing the abducens and facial nuclei,
has passed through the pons. The ventral portion of the section,
containing the olivary tubercle and pyramidal tract, has remained
in the medulla. The medullary portion has been examined in
Chapter 3.

MIDDLE CEREBELLAR PEDUNCLE (MCP)

The middle cerebellar peduncle (MCP) is a thick band of fibers vis-
ible on the external surface of the pons. It is composed of axons
that arise in the pontine nuclei (see Plates 14 to 20) and innervate
the contralateral cerebellar hemisphere. As these fibers cross the
midline they are called the pontocerebellar or transverse pontine
fibers. Laterally, they coalesce to form the middle cerebellar pe-

duncle (as seen on this plate). The transverse pontine fibers are in-
tersected at right angles by bundles of the descending corticospinal
and corticonuclear axons (see Plates 14 to 20). The ventral portion
of the pons, containing the pontine nuclei, pontocerebellar fibers,
and corticospinal fibers, is referred to as the basis pontis or basilar
pons.

Information from the cerebral cortex passes through corticopon-
tine axons to reach the pontine nuclei. From here it is projected
across the midline and into the cerebellar hemispheres through
the middle cerebellar peduncle. This circuit is referred to as the
cortico-ponto-cerebellar pathway. It serves as a conduit through
which the cerebral cortex instructs the cerebellum of impending
movements.

CLINICAL DISCUSSION: Damage to the middle cerebellar
peduncle is similar to that of the cerebellar hemisphere and presents
with limb ataxia on the side ipsilateral to the lesion. Small lesions
in the basis pontis, close to the midline, can produce a complicat-
ed syndrome of contralateral hemiparesis and hemiataxia (Fisher,
1978). In such cases, the extremity contralateral to the lesion is
both weakened and ataxic. Additional information on cerebellar
dysfunction can be found in Chapter 5.

ABDUCENS NUCLEUS (AbNu) AND ITS RADIATIONS

The abducens nucleus (AbNu) is a short column of motoneurons
in the dorsal pons, lying along the floor of the fourth ventricle, in
close juxtaposition with the medial longitudinal fasciculus (Figure
5-1). Its radiations proceed ventrally across the pons where they
exit the brainstem in close juxtaposition with the fiber bundles of
the corticospinal tract (Figure 5-1). The abducens nucleus receives
bilateral projections from the medial vestibular nuclei and ipsilat-
eral projections from the paramedian pontine reticular formation
(see Plate 14). Primary afferent fibers to the medial vestibular nu-

Highlight Point

The clinical manifestations of isolated le-
sions in the middle cerebellar peduncle
can include:

Ipsilateral limb ataxia
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clei arise in the ampulla of the ipsilateral horizontal semicircular
canals. Motoneurons in the abducens nucleus innervate the later-
al rectus muscle of the ipsilateral eye. Other neurons in abducens
nucleus project axons via the medial longitudinal fasciculus to the
contralateral oculomotor nucleus (Figure 5-2), where they specifi-
cally target that portion of the nucleus controlling the medial rec-
tus muscle.

The abducens nucleus serves to coordinate conjugate horizontal
movements of the eyes (Figure 5-2). Stimulation through vestibu-
lar input to the ipsilateral (right) abducens nucleus excites the right
lateral rectus muscle and, through its projections to the contralat-
eral oculomotor nucleus, the left medial rectus muscle. As both
muscles contract, the eyes are deflected to the right, maintaining
conjugate vision.

CLINICAL DISCUSSION: Damage to the abducens nerve
results in an infranuclear (segmental or lower motoneuron) form
of paralysis of the lateral rectus muscle and failure of the ipsilateral
globe to abduct on attempted lateral gaze to the side of the lesion
(lesion 1, Figure 5-2). This is termed a lateral rectus palsy. Since the
contra-lateral medial rectus is still receiving a signal from abdu-
cens nucleus via the oculomotor nucleus, it adducts on attempted
lateral gaze, conjugate vision is compromised, and the patient re-

ports diplopia on attempted lateral gaze.

Damage to the abducens nucleus is more complicated (lesion 2,
Figure 5-2). Such a lesion can remove control of the ipsilateral lat-
eral rectus by denervation (segmental level). In addition, loss of
the communication from abducens to contralateral oculomotor
nucleus results in a supranuclear (suprasegmental level) form of
paralysis expressed in the contralateral medial rectus muscle.

The result is horizontal gaze paresis to the ipsilateral side, as both
globes fail to move into that visual hemisphere. The patient expe-
riences diminished ability to look into the field of vision ipsilat-
eral to the damaged abducens nucleus, but should not experience
diplopia. This eye movement disorder is called lateral gaze palsy.
Since the oculomotor nucleus or its radiations are not damaged,
the patient should be able to demonstrate convergence movements.

Finally, damage to the medial longitudinal fasciculus produces a
third type of eye movement palsy (lesion 3; Figure 5-2). If the le-
sion damages the medial longitudinal fasciculus on the left, axons
from the right abducens nucleus to the left oculomotor nucleus are
disrupted. The patient still has conjugate gaze to the left; however,
when attempting gaze to the right, the medial rectus on the left
fails to respond, producing diplopia on attempted right lateral gaze.

The Abducens Mucleus
and its Radiations

I Wantricle

Figure 5-1. A caudal pontine section (similar to Plate 13) illustrates the location of the abducens nucle-
us and the course of its radiations across the pons to form the abducens nerve as it exits the brainstem.
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This type of supranuclear palsy of the oculomotor nucleus is called
intranuclear opthalmo-plegia (Masdeu and Brazis, 1996).

FACIAL NUCLEUS
(FacNr)

A large cluster of motoneurons lying dorsomedial to the spinal trigeminal
nucleus and anterolateral systems represents the facial nucleus (FacNu).
These neurons innervate the muscles of facial expression and the stapedi-
us, auricularis, and stylohyoid muscles as well as the posterior belly of the
digastric muscle. Axons of these neurons form the radiations of the facial
nucleus. The radiations of the facial nucleus (FacNr) leave the nucleus and
pass dorsally to reach the floor of the fourth ventricle (Figure 5-3 and Plate
13), from which they turn in a ventrolateral direction—forming the inter-
nal genu—to course diagonally across the pons and exit the brain stem in
close juxtaposition with the acousticovestibular nerve (see Plate 14).

(FacNu) AND ITS RADIATIONS

As the fibers of the facial nerve begin their ventral descent from the floor
of the fourth ventricle they pass by the superior salivatory, gustatory, and
spinal trigeminal nuclei. It is from these nuclei that the facial nerve ac-
quires its additional somatic and visceral sensory as well as visceral motor
components (Figure 5-3).

Concerning volitional movement of the facial muscles, the facial nucleus
is innervated by corticonuclear fibers from the frontal (motor) cortex (A
in Figure 5-4). Neurons controlling the musculature in the lower half of
the face are innervated primarily by fibers from the contralateral cortex (E
in Figure 5-4). Those neurons innervating muscles in the upper portion
of the face receive a bilateral cortical innervation (D in Figure 5-4). Con-
versely emotional control of the facial muscles is accomplished through a
different pathway, which passes from the prefrontal cortex, through the
hypothalamus, to the facial nucleus in the brainstem. Separation of the
volitional and emotional control of the facial muscles means that these two
pathways can be differentiated clinically.

CLINICAL DISCUSSION: The most notable deficit in lesions

Highlight Point
The clinical manifestations of a lesion
in the radiations of the abducens nucleus
can involve:

Ipsilateral lateral rectus palsy

Diplopia worsening on
ipsilateral gaze

The clinical manifestations of a lesion in
the abducens nucleus can involve:

Ipsilateral horizontal gaze palsy

Diplopia is not necessarily
associated

of the facial nucleus, its radiations within the brain stem, or its
nerve peripherally, is paralysis of the ipsilateral muscles of facial
expression—termed a peripheral-type cranial nerve seven palsy
(Brazis, 1996a). Lesions affecting the corticonuclear fibers to the
facial nucleus produce paralysis of muscles in the lower half of the
contralateral face, with much less involvement of the upper half of
the face (Figure 5-4). Maintenance of muscle function in the up-
per portion of the face consequent to cortical destruction is due to

Figure 5-2. Schematic diagram of
the efferent fibers from the abdu-
cens nucleus illustrates their con-
trol of conjugate lateral gaze (see
the text for explanation).

vl
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the bilateral innervation of these motoneurons by corticonuclear
fibers. In this situation, emotional facial movements can be pre-
served since they involve a spatially separate pathway. Thus, hemi-
facial paralysis in a patient suggests a segmental-level lesion involv-
ing the ipsilateral facial nerve or nucleus, whereas lower-quadrant
facial paralysis suggests a suprasegmental-level lesion of the con-
tralateral cerebral cortex or its corticonuclear fibers to the facial
nucleus. Finally, lesions in the hypothalamus can damage the path-
way involved in emotional control of the facial musculature. The
patient can demonstrate facial emotions on command but fails to
show them spontaneously.

COCHLEAR NUCLEUS (VCNu)

A small cluster of cells forming the rostral pole of the co-
chlear nucleus (VCNu) is embedded in the fibers of the ves-
tibuloacoustic nerve. The cochlear nucleus receives primary
afferent fibers from the auditory nerve and has efferent pro-
jections to the superior olivary nuclei (bilaterally) and the
inferior colliculus (contralaterally; Figure 5-5).

CLINICAL DISCUSSION: Lesions of the lateral pons
affecting the cochlear nucleus can result in ipsilateral
diminution of hearing functions (Parker et al., 1976).
This is referred to as sensorineural hearing loss (Biller

Highlight Point

The clinical manifestations of a lesion in the
facial nucleus or its radiations involve:

Ipsilateral hemifacial paralysis

Loss of volitional and
emotional facial movements

Inability to close the ipsilateral eye

Inability to close the ipsilateral
corner of the mouth

and Brazis, 1996).

PONTINE RETICULAR FORMATION (PRetF)

The reticular formation (PRetF) of the medulla extends rostrally
into the pons. It is composed of a collection of nuclei embedded in
a dense matrix of fibers in the core of the brain stem. Descending

e
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Figure 5-3. A pontine section (similar to Plate 13) illustrates the origin of the motor sensory components in

the facial nerve.

- Page 101 -



Medical Neuroanatomy

Chapter 05

pontine reticulospinal projections from these nuclei are involved
in control of autonomic functions and motor activity. In addition,
ascending efferent fibers from the rostral portion of the reticular
formation participate in the ascending reticular activating system.
This latter system serves to regulate neural activity in the thalamus
and cerebral cortex; it also influences the sleep-wake cycle.

CLINICAL DISCUSSION: Lesions of restricted size in the
pontine reticular formation can present with disturbances in para-
doxical (REM) sleep (Autret et al., 1988). Large lesions of the pon-
tine reticular formation, especially those disrupting the ascending
reticular activating system, can result in coma often culminating
in death (Kushner and Bressman, 1985;Plum and Posner, 1982).
Fatal outcome is more common for lesions occurring in the rostral
portion of the pons.

Review Structures From Preceding Plates

Identify the following structures from previous sections:
o Lateral vestibular nucleus (LVNU)
o Medial vestibular nucleus (MVNU)
o Superior vestibular nucleus (SrNu)
« Medial longitudinal fasciculus (MLF)
+ Dorsal longitudinal fasciculus (DLF)

o Spinal trigeminal nucleus and tract (SpTNu,
SPTT)

Atlas Plate 13

Go to the Atlas

The dorsal portion of this section is midpontine in location, pass-
ing through the facial colliculus (a mound on the floor of the fourth
ventricle for the abducens nucleus and the radiations of the facial
nerve). The ventral portion of the section is located at the ponto-
medullary junction. Critical to recognizing this section is the close
juxtaposition of the radiation of the facial nerve and the abducens
nucleus.

SUPERIOR SALIVATORY NUCLEUS (SSNu)

The superior salivatory nucleus (SSNu) is a small cluster of cells
lying along the radiations of the facial nerve, just distal to its inter-
nal genu. This nucleus is considered a rostral extension of the dor-
sal motor nucleus of the vagus and is composed of preganglionic,
parasympathetic neurons. Axons from this nucleus exit the brain
stem in conjunction with the facial nerve (Figure 5-3) and inner-
vate the submandibular and pterygopalatine ganglia.

CLINICAL DISCUSSION: Loss of the superior salivatory
nucleus can result in diminished production of saliva in the oral
cavity and reduced lacrimation in the ipsilateral eye. Aberrant re-
generation of these autonomic systems can lead to fibers previously
involved in salivation reinnervating postganglionic cells that con-
trol lacrimation. The result is the formation of “crocodile tears” in
response to attempted salivation.

SUPERIOR OLIVARY NUCLEI (SONu)

Ventral to the facial nucleus are several clusters of cells called the
superior olivary nuclei (SONu) (Figure 5-5), which are involved in
the process of sound localization. Afferent fibers to the superior
olive come from the cochlear nuclei bilaterally; efferent projections
from these nuclei innervate primarily the contralateral superior ol-
ive and the inferior colliculus of the midbrain.

CLINICAL DISCUSSION: Pontine lesions involving the su-
perior olivary nuclei in humans diminish hearing functions in the
ipsilateral ear; in cats, lesions of the superior olive produce a deficit
in the ability to localize sound (Jenkins and Masterton, 1982).

TRAPEZOID BODY (TrapB)

The trapezoid body (TrapB) is located between the two superior
olivary nuclei, dorsal to the basilar pons. It is composed of decus-
sating auditory fibers from the cochlear and superior olivary nuclei
(Figure 5-5).

CLINICAL DISCUSSION: Section of the trapezoid body
interrupts the ascending fibers of the auditory pathways and re-
sults in bilateral diminution of hearing functions (Parker et al.,
1968). Lesions positioned caudal to the trapezoid body present
as diminished hearing in the ipsilateral ear, whereas those rostral
to the trapezoid fibers present as diminished hearing in the con-
tralateral ear. Thus, the trapezoid body is described as functioning
somewhat similar to the optic chiasm of the visual system or the
decussation of the medial lemniscus in the somatic sensory system
(Jenkins and Masterton, 1982). Lesions in the pontine tegmentum,
near or involving trapezoid body fibers from the cochlear nuclei,
can present with unilateral auditory hallucinations (Cascino and
Adams, 1986).

MESENCEPHALIC TRIGEMINAL NUCLEUS AND TRACT
(MesNu and Tr)

The mesencephalic trigeminal nucleus (MesNu) is a thin column
of cells extending rostrally along the lateral wall of the fourth ven-
tricle from the pons (Figure 5-6 and Plate 13) into the midbrain
(also see Plate 16). This nucleus is surrounded by primary affer-
ent axons from the trigeminal nerve, which form the tract (Me-
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sTr) of the mesencephalic trigeminal nucleus. The neurons of the
mesencephalic trigeminal nucleus represent displaced trigeminal
ganglion cells (primary afferent neurons) with peripheral process-
es innervating mechanoreceptors in the periodontal tissue, teeth,
hard palate, and joint capsules as well as the spindle-organs in the
muscles of mastication. Their central processes innervate the tri-
geminal motor nucleus. Thus, the neurons of the mesencephalic
trigeminal nucleus form a monosynaptic reflex arc controlling the
force exerted by the jaw during chewing.

Figure 5-4. Diagram illustrates the organization of the
facial nerve and nucleus. (A) Corticonuclear fibers in-
nervating the facial nucleus (B) Facial nucleus (C) Le-
sion of corticonuclear fibers (D) Innervation of upper
face (E) Innervation of lower face (Modified from Po-

CLINICAL DISCUSSION: Damage to the mesencephalic tri-

geminal nucleus or its tract results in a diminished jaw-jerk reflex
ipsilateral to the lesion (Olszewski and Baxter, 1982).

SUPERIOR CEREBELLAR PEDUNCLES (SCP)

The superior cerebellar peduncle (SCP) forms the major output
pathway for the cerebellum. It arises in the dentate nucleus of the
cerebellum (see Chapter 5), courses along the roof of the fourth
ventricle through the pons (see Plates 13 to 16), and descends into
the reticular formation of the midbrain to decussate (see Plates 17
to 19) before extending into the thalamus as the cerebellothalamic
fibers (CThF), which contribute to the thalamic fasciculus (ThaFas;
see Plates 20 to 22).

CLINICAL DISCUSSION: Lesions of the superior cerebellar
peduncles produce neurologic sequelae similar to those of the cere-
bellar hemisphere: ataxia and clumsiness expressed in the extremi-
ties. Deficits from lesions in the portions of the peduncle caudal to
the decussation (nearest the cerebellum) present on the ipsilateral
side. Conversely, lesions rostral to the decussation of the peduncle
(closest to the thalamus, Plates 18 to 21) present on the contralat-
eral side of the body.

ARCUATE NUCLEUS (ArcNu)

The arcuate nucleus (ArcNu) is located at the caudal end of the
pons and extends around the medial aspect of the pyramidal tract.
It represents displaced cells from the pontine nuclei and shares
similar connections to those of the pontine nuclei.

CENTRAL TEGMENTAL TRACT (CTT)

At this level, the central tegmental tract (CTT) is a diffuse bundle
of fibers, positioned lateral to the medial lemniscus and coursing
along the long axis of the brain stem. It extends from the inferior
olivary nuclei (see Plate 8) to the red nucleus of the midbrain (see
Plate 20). Its connections and functions are discussed in Chapter 4.

INFERIOR CEREBELLAR PEDUNCLE (ICP)

The inferior cerebellar peduncle (ICP) has passed dorsally into
the cerebellum. At this level, it is located lateral to the walls of the
fourth ventricle. It will terminate in the anterior lobe of the cere-
bellum. Its connections and functions are discussed in Chapter 4.

Highlights Point

The clinical manifestations of a lesion in the
superior cerebellar peduncle can involve:

Ipsilateral Limb Ataxia
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Review Structures From Preceding Plates .

Identify the following structures from previous sections:

Medial lemniscus (ML)

Medial longitudinal fasciculus (MLF)
Anterolateral system (ALS)
Rubrospinal tract (RuSp)

. Lateral vestibular nucleus (LVNu) . Ventral spinocerebellar tract (VSCT)

. Medial vestibular nucleus (MVNu) * Middle cerebellar peduncle (MCP)

. Superior vestibular nucleus (SvNu) * D (?rsal lo'ngitllldinal fasciculus (DLF)

. Inferior olivary nucleus (IONu) . Spinal trigeminal nucleus and tract (SpTNu, SpTT)
. Pyramidal tract (Py)

Inferior
Colliculus

Lateral

Auditory
Cortex

Medial
Geniculate
Nucleus

Nuclei of the

Lemniscus

Cochlear
Mucleus

Acoustic
Ganglion

Lateral Lemniscus

Superior Olivary
Nucleus

Acoustic
Radiations

Figure 5-5. The organization of the auditory pathways (Barr ML, Kiernan JA. The human nervous system: An
anatomical viewpoint. 5th ed. Philadelphia: JB Lippincott, 1988:320)
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Atlas Plate 14

Go to the Atlas

This section is taken through the caudal portion of the pons. Dis-
tinguishing features of the section are the rearrangement of the
medial lemniscus from its vertical orientation in the previous sec-
tion to a horizontal disposition, and the appearance of pontocere-
bellar fibers.

PONTINE NUCLEI (PonNu)

The pontine nuclei (PonNu) form the large mass of gray surround-
ing the pontocerebellar and corticospinal fibers in the basilar pons.
Pontine neurons receive projections (corticopontine fibers) from
most regions of neocortex. Their axons form the pontocerebel-
lar (transverse pontine) fibers that cross the midline, traverse the
contralateral pontine nuclei, and at the lateral border of the pons,
coalesce to form the middle cerebellar peduncle. The cortico-pon-
to-cerebellar pathway has been discussed previously.

CLINICAL DISCUSSION: Section of the middle cerebellar
peduncles (which contain pontocerebellar fibers from the contra-
lateral pontine nuclei) results in ataxia of the limbs ipsilateral to
the lesion, similar to the situation when the cerebellar hemisphere
is damaged (see Chapter 6). Lesions involving the pontine nuclei
are more complex in their clinical presentation. Unilateral lesions
involving cell bodies in the pontine nuclei should result in contra-
lateral limb ataxia, because these axons will cross the midline to af-
fect the opposite cerebellar hemisphere. However, such a lesion can
also damage the descending corticospinal tract in the pons, with
the resulting contralateral hemiparalysis masking any expression
of ataxia in the affected limb.

In a few cases small lacunar infarcts have occurred in the dorsolat-
eral basilar pons, neurons of the pontine nuclei were destroyed, but
the underlying corticospinal fibers, although compromised by the
ischemia, were not completely destroyed. These patients presented
with a mild, contralateral pure motor hemiparesis, because of the
partially damaged corticospinal axons, and accompanying hemia-
taxia in the paretic limb, due to the damaged pontine nuclei (Fish-
er, 1978;Fisher, 1982;Nabatame et al., 1987). This presentation of
hemiparesis and hemiataxia in the same extremities is called ataxic
hemiparesis (Nabatame et al., 1987).

PONTOCEREBELLAR FIBERS (PCeF)

The neurons of the pontine nuclei give rise to the pontocerebellar

fibers (PCeF), which cross the midline of the brain stem and pass
laterally to form the middle cerebellar peduncle. These fibers, also
called the transverse pontine fibers, constitute the large mass of the
pons.

CLINICAL DISCUSSION: The complex presentations that
accompany lesions in and around the pontocerebellar fibers have
been discussed with the pontine nuclei.

RADIATIONS OF THE ABDUCENS NERVE (AbNr)

Axons from motoneurons in the abducens nucleus form the radi-
ations of the abducens nerve (AbNr). These axons pass ventrally
from the nucleus along the lateral border of the medial lemniscus
and corticospinal fibers to exit the brain stem at the pontomedul-
lary junction (Figure 5-1).

CLINICAL DISCUSSION: Lesions affecting the abducens ra-
diations result in paresis of the lateral rectus muscle on the same
side. The patient complains of diplopia on attempted lateral gaze to
the lesioned side. Unlike damage to the abducens nucleus, pure in-
volvement of the nerve does not affect adduction of the contralat-
eral eye (Figure 5-2). Bilateral abducens nerve palsies are possible
and can occur with mass-occupying lesions (tumors), degenerative
demyelinating diseases, subarachnoid hemorrhage, or infection
(Keane, 1976).

CHIEF SENSORY NUCLEUS OF THE TRIGEMINAL NERVE

(CSNu)

The chief sensory nucleus (CSNu), located at the rostral end of the
spinal trigeminal nucleus (Figure 5-6), receives Af3 (group II) pri-
mary afferent fibers from mechanoreceptors in the tissues of the
ipsilateral face. This nucleus is analogous in function to the dorsal
column nuclei of the medulla. Axons from neurons in the chief
trigeminal nucleus cross the midline to join the ventral trigemi-
nothalamic tract and terminate in the contralateral thalamus. A
few ascending trigeminal axons remain uncrossed and travel in the
dorsal trigeminothalamic tract to reach the ipsilateral thalamus;
they represent the region around the mouth that receives bilater-
al representation in each thalamic hemisphere. The segregation of
function between the chief sensory and spinal trigeminal nuclei
is incomplete; the chief sensory nucleus, along with the spinal tri-
geminal nucleus, processes some nociceptive information from Ad
(group III) and C (group IV) afferent fibers.

CLINICAL DISCUSSION: Lesion of the chief sensory nucle-
us can result in loss of discriminatory touch, vibratory sense, two-
point discrimination, and stereognosis in the ipsilateral face; how-
ever, these lesions can also produce some analgesia. An extremely
restricted hemorrhage in the dorsolateral pons in the area of the
chief trigeminal sensory nucleus has been reported and document-
ed with CT scan (Holtzman et al., 1987). The patient presented
with facial numbness featuring analgesia and hypoesthesia in the
V2 and V3 dermatomes.

TRIGEMINAL MOTOR NUCLEUS (TriMoNu)

The trigeminal motor nucleus (TriMoNu) is a cluster of large neu-
rons medial to the chief sensory nucleus (Figure 5-6). This motor
nucleus receives primary afferent fibers from the ipsilateral mesen-
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cephalic trigeminal nucleus and bilateral input from the cerebral
cortex (corticonuclear fibers). The axons of these motoneurons
leave the pons in the trigeminal nerve and innervate the ipsilateral
muscles of mastication.

CLINICAL DISCUSSION: Destruction of this nucleus or its
radiations causes paralysis of the ipsilateral muscles of mastication.
This is seen clinically as deviation of the jaw to the weakened side
with attempted opening under resistance. Bilateral supranuclear
lesions of the corticonuclear fibers can result in paresis of the jaw
with hyperactive jaw-jerk reflex (Brazis, 1996b); an example being
pseudobulbar palsy, where bilateral degeneration of the corticonu-
clear fibers can result in elevation of the jaw-jerk reflex.

SUPERIOR OLIVE (MSQ, LSO)

The superior olive can be resolved into several nuclei, two of which
are illustrated on this plate: the medial (MSO) and lateral (LSO) su-
perior olivary nuclei (Figure 5-5). The medial superior olivary nu-
cleus is most responsive to low-frequency sounds and is involved
in localizing sound at the low end of the frequency spectrum. Con-
versely, the lateral superior olive is more responsive to the higher
frequencies and is involved in localizing sound at the high end of
the acoustic spectrum (Brugge and Geisler, 1978). The results of
damage in and around the area of the superior olivary nuclei have
been discussed previously in this chapter.

LATERAL LEMNISCUS (TRACT AND NUCLEI) (LL)

The lateral lemniscus (LL) is a prominent fiber bundle passing ros-
trally from the superior olivary complex, along the lateral aspect of
the brain stem, into the inferior colliculus (see Plate 17 and Figure
5-5). This fiber tract represents a major ascending pathway in the
auditory system. Embedded in the fiber tract are the nuclei of the
lateral lemniscus (see Plate 16), which act as a relay for some of the
ascending auditory fibers in passage to the midbrain and thalamus.

CLINICAL DISCUSSION: Unilateral section of lateral lem-
niscus diminishes hearing bilaterally; however, the loss is greatest
from the contralateral ear. Lesions in the pons in close juxtaposi-
tion with the lateral lemniscus can produce auditory hallucinations
(Cascino and Adams, 1986).

PARAMEDIAN PONTINE RETICULAR FORMATION
(PPRF)

The paramedian pontine reticular formation (PPRF) is a specialized
region of the pontine reticular formation defined more by function
than by cytology. It is an elongated cluster of cells located ventral
to the medial longitudinal fasciculus and extending between the
oculomotor-trochlear complex and the abducens nucleus; its exact
boundaries have not been determined. It receives bilateral afferent
projections from the cerebral cortex (frontal eye fields), from the
contralateral superior colliculus, and from the ipsilateral vestibular
nuclei. The efferent connections of the PPRF control the ipsilateral
abducens nucleus and the rostral interstitial nucleus of the medial
longitudinal fasciculus in the midbrain (see Plate 20). The parame-
dian pontine reticular formation coordinates conjugate horizontal
eye movements (Bender, 1980).

CLINICAL DISCUSSION: Damage to the paramedian pon-
tine reticular formation presents as loss of ipsilateral conjugate
horizontal gaze, called horizontal gaze paresis or lateral gaze palsy
(Goebel et al., 1971). The patient can look into the contralateral
hemisphere, but cannot volitionally deviate the globes into the ipsi-
lateral visual hemisphere. Since gaze remains conjugate, the patient
should not experience diplopia. Horizontal gaze paresis can also
result from damage of the contralateral corticonuclear fibers to the
paramedian pontine reticular formation.

CORTICOSPINAL TRACT (CST)

The corticospinal tract (CST) originates in the cerebral cortex and
projects through the internal capsule (see Plates 21 to 25), crus
cerebri (see Plates 19 and 20), and brain stem to decussate at the
cervicomedullary junction (see Plate 6) and enter the spinal cord,
terminating in the ventral horn (see Plates 1 to 4). Throughout its
brain stem course it is topographically arranged with the upper-ex-
tremity representation located nearest the midline. As the tract
passes through the basilar pons, it separates into numerous, small
fascicles, which rejoin in the pyramidal tract of the medulla. The
corticospinal tract is involved with volitional control of fine motor
behavior, especially with respect to novel movements (Kennedy,
1990).

CLINICAL DISCUSSION: According to classic neurology,
lesions affecting the corticospinal tracts in the human brain stem
can present initially with contralateral flaccidity, mainly affecting
the muscles of the distal portions of the extremities. With time,
the affected limbs resolve into a spastic condition. There is con-
siderable confusion concerning this concept in the literature. An
opposing view claims that lesions truly confined to the corticospi-
nal tract will present with mild hypotonia (Davidoft, 1990). The
clinical presentation subsequent to corticospinal tract sections is
further discussed in Chapter 4.

Review Structures From Preceding Plates

Identify the following structures from previous sections:

o Lateral vestibular nucleus (LVNU)

e Medial vestibular nucleus (MVNU)

o Superior vestibular nucleus (SVNU)

o Spinal trigeminal nucleus and tract (SpTNu, SPTT)
o  Trapezoid body and nucleus (TrapB)
o  Medial lemniscus (ML)

o Medial longitudinal fasciculus (MLF)
o Anterolateral system (ALS)

o Rubrospinal tract (RuSp)

o Ventral spinocerebellar tract (VSCT)
o Middle cerebellar peduncle (MCP)

o Inferior cerebellar peduncle (ICP)

o Superior cerebellar peduncle (SCP)

o  Central tegmental tract (CTT)

o Radiations of the facial nerve (FacNr)
o Dorsal longitudinal fasciculus (DLF)
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Atlas Plate 15

Go to the Atlas

The dorsal portion of this section transects the pontomesencephal-
ic border, whereas the ventral portion passes through the basilar
pons. Prominent features of this section are the well-developed
pontocerebellar fibers and middle cerebellar peduncle, the shift in
position of the superior cerebellar peduncles to form the walls of
the fourth ventricle, and the tapering of these walls to form the
cerebral aqueduct.

CENTRAL GRAY (CeGy)

The central, or periaqueductal, gray (CeGy) extends out of the
pons along the cerebral aqueduct to reach the caudal thalamus (see
Plates 16 to 20). This is a continuation of the band of gray mat-
ter that both surrounds the rostral end of the central canal of the
spinal cord (see Plate 6) and extends around the obex along the
floor of the fourth ventricle. Numerous structures are embedded
in the central gray, such as the vagal nuclei, locus coeruleus, and
vestibular nuclei. Rostral portions of the central gray are known to
contain neurons with opiate receptors and axons that innervate the
raphe nuclei of the brain stem. In turn, raphe nuclei give rise to the
raphe-spinal tract, which can modulate the activity of the antero-
lateral system in the dorsal horn of the spinal cord. This network of
descending projections mediates opiate-dependent control of pain
input through the spinal cord (Basbaum and Fields, 1978).

Portions of the central gray may also play a role in the motor sys-
tem, especially control over vocalizations and certain types of eye
movements. Other studies suggest additional functions in the lim-
bic system involving sexual behavior, rage, and fear reactions. Fi-
nally, the central gray also appears to have a role in the control of
the autonomic nervous system (Beitz, 1990).

CLINICAL DISCUSSION: Although there is not yet a
well-accepted clinical sign related to lesions of the central gray,
its destruction in monkeys can increase their sensitivity to pain-
ful stimuli. Depression of the chemical systems in the central gray
decreases the threshold of pain in volunteer human subjects (Bas-
baum and Fields, 1978).

LOCUS COERULEUS (LoCer)

The locus coeruleus (LoCer) is a small cluster of cells on the infero-
lateral angle of the central gray, extending from the pontomesen-
cephalic border, rostrally into the midbrain (see Plate 16). Its neu-

rons produce norepinephrine, and their axons have wide-ranging
projections reaching most portions of the central neuraxis.

The locus coeruleus is involved in learning and reinforcement pro-
cesses, the sleep-wake cycle, and nociception (Aston-Jones et al.,
1984) as well as in altering endocrine functions and thereby influ-
encing such emotional states as anxiety and depression (Gold et al.,
1988a;Gold et al., 1988b). As such, this nucleus has been implicated
in a “behavioral inhibition system” that offers protection by using
anxiety to inhibit specific behaviors while increasing arousal and
attention (Gray, 1982).

CLINICAL DISCUSSION: Small lesions of the locus coeru-
leus in primates can reduce their anxious behavior. Pharmaceuti-
cal suppression of neural activity in the locus coeruleus is used to
modify anxiety in humans (Aston-Jones et al., 1984). Recently, the
neurons of the locus coeruleus have been demonstrated to undergo

' Spinal
Trigeminal
_ System

e e

Figure 5-6. Origin of the trigeminal nerve and the tri-
geminal nuclei in the pons (Barr ML, Kiernan JA. The
human nervous system: An anatomical viewpoint. 5th
ed. Philadelphia: JB Lippincott, 1988:131)
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age-related changes in number and morphology. These alterations
can be greatly exacerbated in neurodegenerative diseases such as
Alzheimer-type senile dementia and Parkinson disease (Chan-Pa-
lay and Asan, 1989a;Chan-Palay and Asan, 1989b).

RAPHE COMPLEX (RaNu)

The raphe complex (RaNu) extends along the midline of the brain
stem from medulla (see Plate 11), through pons to midbrain (see
Plate 18). It is composed of a cluster of nuclei related to each other
in their production of the neurotransmitter serotonin. The pontine
raphe nuclei project serotonergic axons to the dorsal horn of the
spinal cord and the spinal trigeminal nucleus of the caudal brain
stem. In both targets, raphe axons terminate on enkephalinergic
cells that can inhibit transmission in the pain pathways. Through
these projections, the raphe nuclei play a role in mediating opi-
ate-dependent control over nociception (Basbaum and Fields,
1978).

CLINICAL DISCUSSION: Specific lesions of the raphe sys-
tem have not been documented in the clinical literature. Howev-
er, pharmaceutical suppression of the raphe-spinal and trigeminal
systems will decrease the threshold of pain in volunteer subjects
(Basbaum and Fields, 1978).

VENTRAL TRIGEMINOTHALAMIC TRACT (VTTr)

The ventral trigeminothalamic tract (VT Tr) contains ascending fi-
bers from the contralateral spinal trigeminal nucleus (Figure 5-6).
The tract courses in close juxtaposition with the medial lemniscus
to reach the thalamus, where it terminates in the ventroposterior
medial nucleus (see Plate 21). It contains fibers carrying the mo-
dalities of crude touch, pain, and thermal sense from the face.

CLINICAL DISCUSSION: Section of the ventral trigemi-
nothalamic tract can result in the loss of crude touch, pain, and
thermal sensation from the contralateral face. Note that since the
tract has crossed the midline before reaching the pons, its deficit is
now in register with that of damage to the anterolateral system (loss
of crude touch, pain, and thermal sensation from the contralater-
al body). Consequently, unilateral pontine lesions affecting both
tracts present with diminished sensation across the contralateral
face and body (Kushner and Bressman, 1985). This is in contrast to
laterally placed lesions in the medulla that affect the spinal trigemi-
nal nucleus (ipsilateral deficit) and anterolateral tract (contralateral
deficit), producing alternating analgesia (see Chapter 4).

VENTROSPINOCEREBELLAR TRACT (VSCT)

The ventral spinocerebellar tract (VSCT) has shifted from its ven-
trolateral position on previous sections (see Plates 3 to 14) and is
rising toward the superior cerebellar peduncle. In the caudal mid-

brain, it joins the peduncle and passes into the cerebellum.

RADIATIONS OF THE TRIGEMINAL NERVE (TriNr)

Fibers of the trigeminal nerve (TriNr) pass through the middle
cerebellar peduncle to reach the trigeminal nuclei in the pontine
tegmentum (Figure 5-6). This nerve contains primary afferent fi-
bers from sensory receptors in the ipsilateral face as well as efferent
axons from the trigeminal motor nucleus to the ipsilateral muscles

of mastication. Additional information concerning this structure
and its dysfunction is presented previously (see Chap. 4).

Review Structures From Preceding Plates
Identify the following structures from previous sections:

o Trigeminal motor nucleus (TriMoNu)
o  Trigeminal sensory nucleus (CSNu)

o  Pontine nuclei (PonNu)

o Corticospinal tract (CST)

e  Medial lemniscus (ML)

«  Medial longitudinal fasciculus (MLF)
o Anterolateral system (ALS)

o Rubrospinal tract (RuSp)

o Middle cerebellar peduncle (MCP)

o Superior cerebellar peduncle (SCP)

+  Central tegmental tract (CIT)

o Pontocerebellar fibers (PCeF)

o Dorsal longitudinal fasciculus (DLF)

Atlas Plate 16

Go to the Atlas

The ventral portion of this section passes through the midpons;
the dorsal portion passes, through the caudal midbrain. Its salient
features are the exit of the trigeminal nerve from the lateral aspect
of the basilar pons and the reduction in size of the fourth ventricle
as it tapers to form the cerebral aqueduct. The midbrain structures
will be discussed in Chapter 7.

SUPERIOR CEREBELLAR PEDUNCLE (SCP)

The ventral border of the superior cerebellar peduncle (SCP) has
begun to curl medialward; this is the first sign of the impending
decussation of the superior cerebellar peduncle that will occur in
the midbrain (see Plate 18).

LATERAL LEMNISCUS AND NUCLEI (LL, LLNu)

The lateral lemniscus (LL) and its associated nuclei (LLNu) have
shifted dorsally into a position lateral to the superior cerebellar pe-
duncle. Here it will remain until reaching the base of the inferior
colliculus in the midbrain (see Plate 17).
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TRIGEMINAL NERVE (TriNr)

The root of the trigeminal nerve (TriNr) is seen exiting the ven-
trolateral aspect of the basilar pons (Figure 5-6). Contained within
these fibers are the ophthalmic, maxillary, and mandibular divi-
sions of the sensory root and the motor root to the muscles of mas-
tication.

CLINICAL DISCUSSION: Damage to the radiations of the
trigeminal nerve or to the trigeminal root in its preganglionic
course can result in the loss of sensation, paresthesia, or numbness
from the ipsilateral face, loss of the corneal reflex, and flaccid pa-
ralysis of the ipsilateral muscles of mastication. This presentation
can be accompanied by signs of damage to surrounding structures,
such as ataxia (middle cerebellar peduncle), nystagmus (cerebel-
lum), vertigo (vestibular system), tinnitus (auditory system), and
facial palsy (facial nerve) (Brazis, 1996b).

CORTICONUCLEAR FIBERS (CoNF)

Axons from the cerebral cortex innervate most of the brain stem
nuclei. Collectively, these axons are called the corticonuclear fibers
(CoNF) and mediate cerebral control over the brain stem func-
tions. Corticonuclear fibers begin leaving the crus cerebri medially
as this massive fiber bundle enters the midbrain (see Plate 19). Spe-
cific names are given to these corticonuclear fibers contingent on
their brain stem targets: Corticomesencephalic fibers innervate the
midbrain, corticopontine fibers innervate the pons, and cortico-
medullary fibers innervate the medulla (Figure 5-7).

CLINICAL DISCUSSION: The results of a lesion in the cor-
ticonuclear fibers are complex because of the varying innervation
patterns that these fibers establish. The portions of the brain stem
controlling horizontal eye movements (paramedian pontine retic-
ular formation) receive a contralateral corticonuclear input; hence,
unilateral lesions can result in horizontal gaze palsies involving the

Corticonuclear
Fibers

~Corticomesencephalic f_ -

- Corticoponting f—

I-Eumﬂmwdulhry f

__;..-In'rwd Capsule

: THALAMUS
~Crus Cerebri

PONS

\ME DULLA

Corticospinal Tract

Figure 5-7. This diagram illustrates the corticonuclear fibers overlaid on a lateral

view of the brain stem.
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side opposite the lesion. The trigeminal motor nucleus and nucleus
ambiguus, as well as structures controlling the oculomotor nucle-
us, receive bilateral corticonuclear innervation. Hence, they expe-
rience more subtle deficits in unilateral lesions of these fibers. The
neurons of the hypoglossal nucleus innervating the genioglossus
muscle of the tongue receive a contralateral cortical input. Conse-
quently, the tongue can exhibit weakness following unilateral cor-
ticonuclear lesions. The corticonuclear innervation of the facial
nucleus has already been presented previously.

Extensive vascular damage to the ventral pons, interrupting the
corticospinal and corticonuclear tracts bilaterally, can produce the
“locked-in syndrome” (Kemper and Romanul, 1967;Plum and Pos-
ner, 1982). The patient is unable to move extremities or truncal
musculature due to loss of the corticospinal fibers, and cannot con-
trol muscles innervated by the trigeminal or facial nerves because
of loss of the corticonuclear fibers. Communication with such an
akinetic and mute patient can be obtained through the only re-
maining muscles they can move: those controlled by the oculomo-
tor nucleus. As such, these vertical eye movements have been used
to establish that the patient is not unconscious.

Review Structures From Preceding Plates

Identify the following structures from previous sections:

o Locus coeruleus (LoCer)

o  Raphe complex (central superior) (RaNu)
o Pontine reticular formation (PRetF)

o  Pontine nuclei (PonNu)

o  Corticospinal tract (CST)

o  Medial lemniscus (ML)

o Medial longitudinal fasciculus (MLF)

o Anterolateral system (ALS)

o Rubrospinal tract (RuSp)

o Middle cerebellar peduncle (MCP)

o Superior cerebellar peduncle (SCP)

o Central tegmental tract (CTT)

o Dorsal longitudinal fasciculus (DLF)

o  Pontocerebellar fibers (PCeF)

o Ventral trigeminothalamic fibers (VT'Tr)

Atlas Plates 17 to 20

Although Atlas Plates 17 to 20 (see Chap. 7) mainly concern the
midbrain, portions of the ventral pons are also represented. The
prominent features are the massive pontocerebellar fibers, the
pontine nuclei, and the condensation of the corticospinal and
corticonuclear fibers to form the crus cerebri. The midbrain struc-
tures will be considered in Chapter 7.

CORTICOPONTINE FIBERS (CoPF)

The pontine nuclei receive input from many areas of the ipsilat-
eral cerebral cortex. Specific components of these corticopontine
fibers (CoPF) are named based on their origin in the cortex: fron-
topontine, occipitopontine, parietopontine, and temporopontine.
The frontopontine fibers travel in the ventral-most portion of the
crus cerebri and are the first to innervate the pontine nuclei. The
projections from other regions of the cortex are contained in the
dorsal portion of the crus cerebri (see Chapter 7).

Review Structures From Preceding Plates

Identify the following structures from previous sections:

o  Pontine nuclei (PonNu)
o  Corticospinal tract (CST)
o Middle cerebellar peduncle (MCP)
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Case Study 5-2

Chief Complaint
A 49-year-old, right-handed patient called his family physician complaining of clumsiness that began after experienc-
ing a brief loss of consciousness shortly after getting out of bed in the morning.

History of Chief Complaint

He reported that he had suffered severe headaches over the prior 24-hour period and several episodes of instability.
This morning he suffered an acute event and now finds it difficult to walk because his left leg is clumsy. He is also
complaining of dizziness accompanied by a loud, roaring sound in his left ear. After arranging for his transportation,
the physician met him at the emergency room in the community hospital.

Medical History

He was diagnosed with hypertension 10 years previously that has been controlled with medication since that time. He
is a heavy smoker (25-pack-year history) and consumes 2 to 3 ounces of alcohol daily. Fifteen years ago he was diagn
osed with non-insulin-dependent diabetes, which has been controlled with diet.

Social History
The patient is married, with two children, and works as a salesman for a large pharmaceutical company.

General Physical Examination

This was a stable male sitting upright on the hospital gurney. He was awake, oriented, communicative, and con-
cerned with his problem. He was well nourished, well hydrated, and appeared his stated age. Small hemorrhages were
present on the retinal discs. The external auditory canal was patent and clear. Pharynx and larynx were non-red-
dened. The chest was clear to auscultation, blood pressure was elevated (163/102), and pulse rate and respirations
were normal. Peripheral pulses were intact at the wrists but only weakly palpable at the ankles; normal tissue turgor
was present. Abdomen was soft, with no masses or tenderness. No lymphadenopathy was detected in the cervical,
axillary, or inguinal regions.

Neurologic Examination
Mental Status. He was oriented to person, place and time, with no defect in memory, reading, or writing. Speech was
dysarthric, but fluent and meaningful. Word comprehension was good, and he could follow three-step commands.

Cranial Nerves. His visual fields were complete, and he had a full range of eye movements. Horizontal nystagmus was
present bilaterally. His pupils were symmetric and reactive to light, both direct and consensual. Convergence move-
ments in both eyes were intact. Hearing was markedly reduced in the left ear, and he had poor word discrimination
ability in the left ear compared to that in the right. He complained of a vertiginous sensation of the world drifting
around him. He related the change in his hearing and the onset of the vertiginous feeling to his morning event. He
had a dense analgesia for pinprick over most of his face on the left except for the perioral region. Some loss of sen-
sation for pinprick was also present on the right, but it was less dense than that on the left. He also complained of a
painful paresthesia on the right side of his face that he described as a feeling of having pins and needles on his skin.
Corneal reflex was absent on the left and reduced on the right. Jaw-jerk reflex was normal. Two-point discrimination
and vibratory sense were normal throughout the face bilaterally. He had no tone in the facial muscles above or below
the eye on the left. Creases in his forehead were asymmetric, and only the right side wrinkled on an attempted smile.
On attempted upward gaze only the right eyebrow elevated. The left corner of his mouth was open 0.5 cm at rest,
and the left eye would not shut completely on attempted blink or squint. Gag reflex was normal, and he denied any
dysphagia. Although his speech was slurred, his voice had normal tone, volume, and emotion. His tongue protruded
on the midline and appeared normal.

Motor Exam. Strength and reflexes were normal and symmetric in all four limbs, and plantar responses were flexor in
both lower limbs. Finger-to-nose and heel-to-shin testing were normal on the right, but grossly abnormal on the left
side. Past pointing was present in the left limbs. A left pronator drift was seen when the arms were outstretched.

Sensory Exam. Two-point discrimination, vibratory sense, and proprioception were normal throughout the body.
Pinprick and thermal sensations were normal on the left but absent on the right side of the arm, trunk, and leg.

Follow-up
Examination at four months following hospital discharge found the vertigo had resolved and his hearing was normal
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in both ears. The past-pointing on the left and sensory loss from the right arm had both resolved. He retained a mild
weakness on the left side of his face that presented as a facial asymmetry. He also continued to experience reduced
sensation to pinprick on the left side of his face and complained of occasional sharp, stabbing pains in the right side
of his face.

QUESTIONS

1. Has the patient experienced any changes in consciousness or cognition, language function or spatial recog-
nition, personality or emotional behavior, or any loss in memory?

2. Does the patient exhibit any loss of vision and if so, where in the visual field is the loss? Are there any visual
hallucinations present in this patient?

3. Are there any changes in cranial nerve function and if so, are they signs of suprasegmental or segmental
level defects?

4. Are there any changes in motor function such as reflexes, muscle tone, movement, or coordination and if so,
are they signs of suprasegmental or segmental level defects?

5.  Are there any changes in sensory function and if so, what levels of the body have experienced this change?

6. What is the clinical temporal profile of this patient’s neurologic problem: is the onset of neurologic findings
acute or insidious and, is the course of the neurologic disease chronically progressive, fluctuant or stable?

7. Based on the presenting signs and symptoms, do you think the distribution of the neurologic pathology is
focal, multifocal or diffuse?

8. Based on the answers to these questions develop a differential diagnosis of the patient’s neurological prob-
lem?

9. Ifthe origin of the pathology is vascular, what arterial supply is most likely involved with the lesion in this
patient
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» DISCUSSION I

Pontine Vasculature

Arterial Distribution
The pons can be divided into three vascular perfusion zones:
anterior, lateral, and posterior (Duvernoy, 1978). Branches of the

basilar artery service each of these vascular zones.

Anterior Zone

small branches of the basilar artery that quickly penetrate the bas-
ilar pons and extend upward along the midline perfuse the anteri-
or vascular zone. Two groups of anterior branches are recognized.
The anteromedial (or paramedian) branches extend posteriorly to
reach the floor of the fourth ventricle, thus supplying the corti-
cospinal tract, medial lemniscus, medial longitudinal fasciculus,
and abducens nucleus. The anterolateral (or short circumferential)
branches penetrate through the corticospinal tract, ending in the
pontine nuclei and pontocerebellar fibers.

Lateral Zone

Penetrating branches from two groups of vessels perfuse the
lateral vascular zone: the pontine arteries (or long circumferen-
tial arteries) and the anterior inferior cerebellar artery. These are
branches from the basilar artery and supply the lateral half of the
pons, including the lateral lemniscus; anterolateral system; the
trigeminal, facial, and vestibular nuclei; and the middle cerebellar
peduncles. Some of the penetrating branches of the lateral zone
also service the lateral aspect of the corticospinal tract.

A small infarction in the lateral vascular zone at the pontomedul-
lary junction was recently reported (Fisher, 1989). The extent of
the infarction was confirmed with magnetic resonance imaging.
The patient presented with dysarthria, staggering gait, diminished
handwriting capability, and ipsilateral appendicular ataxia, all of
which could result from damage to the inferior (or caudal portion
of the middle) cerebellar peduncle. In addition, the patient dis-
played ipsilateral facial weakness from damage to the radiations
of the facial nerve, nystagmus and ocular overshoot from damage
to the vestibular structures, and sensory dissociation of pain and
temperature over the contralateral hemibody from damage to

the anterolateral system. Since the anterior vascular zone was not
involved, there was no paresis (corticospinal tract) and no loss of
discriminative sensory capabilities (medial lemniscus).

Posterior Zone

The posterior vascular zone is small and restricted to the rostral
end of the pons. It is supplied by penetrating branches of the
superior cerebellar artery and perfuses the tissue surrounding the
superior cerebellar peduncle.

Arterial Anastomosis
The basilar artery, which arises from the fusion of the two verte-

bral arteries, plays a key role in the circulation of the pons; how-
ever, it is not the sole source of ascending perfusion in all cases.
Anastomosis of the posterior and anterior cerebellar arteries with
the superior cerebellar artery can, in some individuals, supply
blood to the rostral end of the basilar artery when occlusion has
occurred in its middle segment (Caplan, 1988).

Arterial Syndromes

Most cerebrovascular accidents in the pons are large and devastat-
ing in their presentation. Significant occlusion of the basilar artery
or a large hemorrhage into the central portion of the pons results
in bilateral damage and presents with a triad of neurologic signs:
coma, quadriplegia, and ocular paresis followed by lethal demise
(Fisher, 1961). Unilateral hemorrhage into the pons has been
documented, and survival in this situation is much greater than
that in the bilateral hemorrhages (Kushner and Bressman, 1985).
The hemipontine syndromes present with hemiparesis, hemisen-
sory loss, and signs of unilateral involvement of cranial nerves V
through VIII, but consciousness can be preserved.

Small lacunar infarctions, although rare, can be restricted to the
anterior or lateral vascular zones of the pons, thus creating medial
and lateral pontine syndromes. Although usually not lethal, these
syndromes can contain a myriad of neurologic deficits (Table 5-1
and Table 5-2).

Medial Pontine Syndrome

The medial pontine syndrome results when disease occludes the
paramedian branches of the basilar artery. Damage can be done to
the corticospinal tract, transverse pontine fibers, abducens nerve
or nucleus, medial longitudinal fasciculus, and portions of the
medial lemniscus, particularly the region of arm representation.
The patient presentation can involve any or all of the signs listed

in Table 5-1.

Lateral Pontine Syndrome

The lateral pontine syndrome results when a vascular accident
occurs in the lateral zone, usually perfused by the anterior inferior
cerebellar artery. Damage can be done to the middle cerebellar
peduncle, anterolateral tract, ventral trigeminothalamic tract,
trigeminal nuclei or nerve, facial nerve, and vestibular and cochle-
ar nuclei, as well as the paramedian pontine reticular formation
(Amarenco and Hauw, 1990). The neurologic signs presented in
this syndrome are listed in Table 5-2. Not all signs have to be pres-
ent, since the size of the infarction may vary considerably; thus,
partial syndromes can occur. Medial branches from this zone can
also penetrate into the corticospinal tract; therefore, contralater-
al hemiparesis can accompany the neurologic sequelae listed in
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NEUROLOGIC SIGN ANATOMIC SOURCE
CONTRALATERAL
Spastic paralysis Pontine corticospinal

tract

Limb ataxia

Pontine nuclei or trans-
verse pontine fibers

Hypoesthersia in upper
extremity

Medial border of the
medial lemniscus

IPSILATERAL

Diplopia on lateral gaze

Abducens nerve

Horizontal gaze palsy

PPRF

Intranuclear ophthal-
mopelegia

Medial longitudinal fas-
ciculus

Table 5-1. Possible Origins of Neurologic Signs in
the Medial Pontine Syndrome (Adapted from Ca-
plan LR, Posterior cerebral artery syndromes. Hdbk
Clin Neurol 1988;53(9): 409; and Adams RD, Victor
M. Principles of neurology. New York: McGraw-Hill
1989; Chap. 34)

Table 5-2.

The salient signs of the lateral pontine syndrome are
loss of nociception from hemiface and body, hemiatax-
ia, and cranial nerve palsies. This syndrome complex
can be classified further along the rostral-caudal axis
of the brain stem based on the cranial nerve structures
involved. Lateral inferior pontine lesions involve the
facial nucleus or nerve; the sensory loss is in the form
of alternating analgesia. Lateral midpontine lesions
involve the trigeminal motor nucleus or nerve, and the
sensory loss can involve bilateral analgesia of the face,
being more dense on the ipsilateral side. This is due to
involvement of the spinal trigeminal system on the ip-
silateral side and the ventral trigeminothalamic fibers
from the contralateral side. Lateral superior pontine
lesions can occur without involving a cranial motor
nerve or nucleus, but they infringe on the lateral aspect
of the medial lemniscus (see Plate 15), thus producing
loss of discriminative touch in the lower extremities.
Since the lesion can affect the ventral trigeminotha-
lamic fibers and the anterolateral system, analgesia
presents contralateral to the lesion.

FOVILLE'S SYNDROME

A specific subset of the lateral pontine lesion is called Fovilles
syndrome. It features facial palsy and lateral gaze palsy on the side
of the lesion. This is accompanied by a mild, crossed hemiparesis
but involves no overt loss of discriminative touch or vibratory
sense. This occurs consequent to occlusion of a long circumferen-
tial branch of the basilar artery (see Plate 13). The branch supplies
the lateral aspect of the corticospinal tract before arching dorsally
into the pontine tegmentum to end by perfusing the area around
the facial nucleus and pontine reticular formation (including its
paramedian region). Since these branches can pass lateral to the
medial lemniscus, there can be no affect on discriminative touch.

Comparison of Table 5-1 and Table 5-2 reveals that horizontal
gaze palsies can appear in both medial and lateral pontine syn-
dromes. This results from the fact that the paramedian pontine
reticular formation and its corticonuclear fibers lie in the overlap
between anterior and lateral perfusion zones.

Compression Syndromes

Cranial nerves span the subarachnoid space between the brain
stem and the basicranium. Cerebral vessels accompany these
nerves in this space; specific relationships are of interest because
of the possibility of compression lesions. The trigeminal nerve is

NEUROLOGIC SIGN ANATOMIC SOURCE

CONTRALATERAL

Analgesia of body Anterolateral tract

Analgesia of face Ventral trigeminothalam-
ic tract

Hypoesthesia in body Medial lemniscus

IPSILATERAL

Hypoesthesia of face Chief sensory trigeminal

nucleus

Horizontal gaze palsy Paramedian pontine

reticular formation

Paresis of the jaw Trigeminal motor nucle-

us

Facial nucleus or radia-
tions

Facial paralysis

Limb ataxia Middle cerebellar pedun-

cle

Table 5-2. Possible Origins of Neurologic Signs in
the Lateral Pontine Syndrome (Adapted from Ca-
plan LR, Posterior cerebral artery syndromes. Hdbk
Clin Neurol 1988;53(9): 409; and Adams RD, Victor
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in close juxtaposition with the superior cerebellar, anterior infe-
rior cerebellar, and basilar arteries. The sixth, seventh, and eighth
cranial nerves are closely related to the anterior inferior cerebellar
artery and sometimes to the posterior inferior cerebellar artery.
These vessels are capable of exerting pressure on the associated
nerves. This situation is exacerbated as the vessel becomes more
tortuous with age and as the aging brain stem sags along the clivus
(Jannetta, 1980). Pressure or irritation to these cranial nerves can
present as trigeminal neuralgia, hemifacial spasm, deafness, verti-
go, or facial paralysis (Escobedo and Solis, 1979).
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Chapter 6
Cerebellum

INTRODUCTION

The cerebellum is a large, foliated structure perched on the dorsal
surface of the pons and forming the roof of the fourth ventricle. It
is contained in the acute angle created by the brainstem and the
central surface of the occipital lobes of the cerebellum. Since the
cerebellum is located within the posterior cranial fossa and is sep-
arated from the occipital cortex by the tentorium cerebelli, it is by
definition an infratentorial structure.

Three large-fiber bundles connect the cerebellum to the brainstem:
the superior, middle and inferior cerebellar peduncles. These pe-
duncles contribute to the rostral and lateral walls of the fourth ven-
tricle. The blood supply to the cerebellum is derived from three
branches of the vertebrobasilar system: superior, anterior inferior
and posterior inferior cerebellar arteries.

In this chapter the organization, connections, and cell structure of
the cerebellum will be examined. The vasculature of the cerebellum
will be studied and several clinicopathologic cases involving cere-
bellar lesions will be presented.

General Objectives

1. To define the main divisions of the cerebellum,
relating them to specific patterns of afferent and
efferent connections

2. To identify the functions of the main divisions
of the cerebellum

3. To describe clinical signs and symptoms asso-
ciated with disease in these cerebellar divisions

Instructions

In this chapter you will be presented with one or more clinical case
studies. Each study will be followed by a list of questions that can
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best be answered by using a knowledge of regional and functional
neuroanatomy and by referring to outside reading material. Fol-
lowing the questions will be a section devoted to structures from a
specific region of the central nervous system. Before you attempt to
answer the questions, compile a list of the patient’s neurologic signs
and symptoms; then examine the structures and their functions
and study their known clinical deficits. After becoming familiar
with the material, reexamine the list of neurologic signs and symp-
toms and formulate answers to the questions. Be aware that some
of the questions can have multiple responses or require informa-
tion beyond the scope of this manual. It may be necessary to obtain
material or advice from additional resources such as specialty texts,
a medical dictionary, or clinical personnel.

Materials

1. A model of the human brain stem

2. A whole human cerebellum and a cerebellum sectioned
in the sagittal plane

3. A cerebellum and brain stem with intact vasculature

Chapter Topics:

Case Study 6-1

Case Study 6-2

DISCUSSION |

Macrostructure of the Cerebellum
Cerebellar Regions
Vestibulocerebellum
Spinocerebellum
Pontocerebellum
Cerebellar Syndromes
Anterior Cerebellar or Rostral Vermis Syn-
drome
Basal Cerebellar or Caudal Vermis Syndrome
Lateral Cerebellar Syndrome
Cerebellar Peduncles
Inferior Cerebellar Peduncle (ICP)
Middle Cerebellar Peduncle (MCP)
Superior Cerebellar Peduncle (SCP)
Microstructure of the Cerebellum
Cerebellar Cortex
Deep Cerebellar Nuclei
Fastigial Nucleus
Interpositus Nucleus
Dentate Nucleus

Case Study 6-3

DISCUSSION i

Cerebellar Vasculature

Superior Cerebellar Artery (SCA)

Anterior Inferior Cerebellar Artery (AICA)
Posterior Inferior Cerebellar Artery (PICA)

Reference
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Case Study 6-1

Chief Complaint

A 36-year-old attorney was referred with a chief complaint of gait imbalance, headaches and vomiting.

History of Chief Complaint

The patient had had frontal and biparietal headaches for approximately one month. He stated that the headaches
began in the occipital region approximately two months ago and about a month ago became frontal as well. Cough-
ing, sneezing, or bending precipitated or worsened the headaches. On at least one occasion the patient had been
awakened by a headache. He experienced nausea and vomiting independent of the headaches. At times, vomiting
occurred suddenly without preceding nausea. For several weeks prior to admission he had been unsteady on his feet
with a tendency to fall to the right. He admitted to occasional clumsiness of his right hand. During the week prior to
admission he had been excessively drowsy and constantly tired. The headaches had become more frequent, so that
they were now occurring three to four times per day.

Medical History

His medical history was unremarkable except for an episode of rheumatic fever at age 6.

Family History
He was unmarried, lived alone, and was employed by a large law firm. His parents were alive and in good health; he
had no siblings.

Social History

He professed to be heterosexual and was involved in a monogamous relationship that had lasted for several years. He
had a 10-pack-year history of smoking, but had quit 6 years previously. He had been active in outdoor sports since
age 31 and had been running up to 4 miles daily until 4 weeks before, when he had to quit because of an unsteady
gait and worsening headaches.

General Physical Examination

This is a stable male who is seated upright on an examination table. He is awake, oriented, well-nourished, well-hy-
drated, and distressed with considerable head pain. He appeares his stated age and is in otherwise good physical
condition. His eyes have no cotton wool patches, but papilledema is evident. His chest is clear to auscultation and
percussion; his abdomen is soft without lumps or masses. Blood pressure is 135/87 and pulse rate is 69. Tempera-
ture and respirations are normal. Peripheral pulses are intact; no extremity edema is present; no cervical, axillary, or
inguinal lymphadenopathy is detectable.

Neurologic Examination
Mental Status. He is awake and oriented with respect to person, place, and time. His memory and knowledge base
are appropriate for his training. Speech is fluent and meaningful. He is a coherent historian.

Cranial Nerves. A full range of eye movements are present. His pupils are 3 to 4 mm in diameter and reactive to
light, both direct and consensual. On funduscopic examination there is evidence of bilateral papilledema. Horizontal
nystagmus in the direction of gaze is present on attempted lateral gaze to either side. He denies any double vision.
Hearing is normal and equal in both ears. Corneal, jaw-jerk, and gag reflexes are intact. Facial expressions are full
and symmetric. Uvula and tongue protrude on the midline. Shoulder shrug is symmetric.

Motor Exam. His strength is intact in all extremities and his deep tendon reflexes are symmetric and physiologic.

His plantar responses are flexor. When walking, he maintains a slightly widened base and there is a mild tendency

to veer to the right. He is unable to stand on his right leg comfortably. Closing his eyes does not markedly alter the
instability on his right leg. He can stand comfortably on his left leg with his eyes open or shut. A very mild end-point
tremor is present in the right upper extremity on finger-to-nose testing, and in the right lower extremity on heel-
to-shin testing. Alternating movements of the right hand are slightly slower, and with prolonged periods become
disorganized.

Sensory Exam. Pinprick, two-point discrimination, vibratory sense, and proprioception are intact throughout body
and face.
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QUESTIONS

1. Has the patient experienced any changes in consciousness or cognition, language function or spatial recog-
nition, personality or emotional behavior, or any loss in memory?

2. Does the patient exhibit any loss of vision and if so, where in the visual field is the loss? Are there any visual
hallucinations present in this patient?

3. Are there any changes in cranial nerve function and if so, are they signs of suprasegmental or segmental
level defects?

4. Are there any changes in motor function such as reflexes, muscle tone, movement, or coordination and if so,
are they signs of suprasegmental or segmental level defects?

5. Are there any changes in sensory function and if so, what levels of the body have experienced this change?

6. What is the clinical temporal profile of this patient’s neurologic problem: is the onset of neurologic findings
acute or insidious, is the course of the neurologic disease chronically progressive, fluctuant or stable?

7. Based on the presenting signs and symptoms, do you think the distribution of the neurologic pathology is
focal, multifocal or diffuse?

8. Based on the answers to these questions develop a differential diagnosis of the patient’s neurological prob-
lem?

9. Ifthe origin of the pathology is vascular, what arterial supply is most likely involved with the lesion in this
patient

Case Study 6-2

Chief Complaint
An 8-year-old girl was brought to her family physician by her mother because the child has become “unsteady” when
walking.

History of Chief Complaint

Seven months earlier, she had begun complaining of nausea frequently. She is still complaining of nausea, and is also
vomiting frequently. In the past 3 months, the child had begun walking unsteadily with a broad-based gait. When
seated, she swayed from side to side and occasionally fell over. Her head rotated from side to side as her body swayed.
The mother also noted that the child had recently become extremely irritable.

Developmental and Medical History

The mother had had an uneventful pregnancy and delivery. At birth the child weighed 3.25 kg; by 5.5 months she
could maintain a seated, upright posture, and she could roll over at 6 months of age. She could rise to a standing
position and take several steps by 15 months, and could climb stairs by 20 months. By 3 years of age she could stand
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on one foot, unassisted. For the next 4 years she was active in outdoor play. All of her immunizations were current.

Family History

The mother was a social worker for the state and a single parent; the father was remarried and living out of state. The
child’s maternal and paternal grandparents were in good health. The mother had a 12-pack-year history of smoking
and smoked through the pregnancy; she denied any use of alcohol either at this time or during the pregnancy. No
one else in her family had similar or related symptoms.

General Physical Examination

This was an awake, oriented child who was complaining of headaches and dizziness. Face and personality appeared
the stated age, but she was underweight and lacked appropriate muscle mass. Edges of optic discs were blurred, but
lacked cotton wool patches or papilledema. Nystagmus was evident on lateral gaze to either side. Her chest and abdo-
men were normal; blood pressure, pulse rate, temperature, and respirations were physiologic. Peripheral pulses were
intact, with normal tissue turgor, and no cervical, axillary, or inguinal lymphadenopathy was detected.

Neurologic Examination

Mental Status. The child was awake and oriented with respect to time and place. Memory and knowledge were
appropriate for her age. However, response time to questions was protracted and she appeared preoccupied with her
headache pain.

Cranial Nerves. She had a full range of eye and facial movements. However, nystagmus was present on horizontal
gaze to either side. Hearing was normal in both ears. Corneal, jaw-jerk, and gag reflexes were normal. The facial ex-
pressions were complete, the eyes were closed tightly, and the forehead was wrinkled symmetrically when frowning.
Uvula and tongue protruded on the midline.

Motor Exam. Strength was normal in all extremities; deep tendon reflexes were physiologic in all extremities. In the
seated position, the child swayed from side to side and could not maintain her torso in a vertical position. Her gait
was broad-based and reeling. Finger-to-nose and heel-to-shin testing were grossly abnormal unless her torso was
supported in a vertical position.

Sensory Exam. Pinprick, thermal, vibratory, two-point discrimination, and proprioceptive senses were normal
throughout the body and face.

QUESTIONS

1. Has the patient experienced any changes in consciousness or cognition, language function or spatial recog-
nition, personality or emotional behavior, or any loss in memory?

2. Does the patient exhibit any loss of vision and if so, where in the visual field is the loss? Are there any visual
hallucinations present in this patient?

3. Are there any changes in cranial nerve function and if so, are they signs of suprasegmental or segmental
level defects?

4. Are there any changes in motor function such as reflexes, muscle tone, movement, or coordination and if so,
are they signs of suprasegmental or segmental level defects?

5. Are there any changes in sensory function and if so, what levels of the body have experienced this change?

6. What is the clinical temporal profile of this patient’s neurologic problem: is the onset of neurologic findings
acute or insidious, is the course of the neurologic disease chronically progressive, fluctuant or stable?

7. Based on the presenting signs and symptoms, do you think the distribution of the neurologic pathology is
focal, multifocal or diffuse?

8. Based on the answers to these questions develop a differential diagnosis of the patient’s neurological prob-
lem?

9. Ifthe origin of the pathology is vascular, what arterial supply is most likely involved with the lesion in this
patient?
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» DISCUSSION I

Macrostructure of the Cerebellum

The cerebellum consists of a thin, outer veneer of cells, called
the cortex, wrapped around a large tuft of fibers or white matter
that arises from three peduncles attached to the brain stem. At
the base of the peduncles are several cell clusters called the deep
nuclei. Cells in the cerebellar cortex receive afferent information
from many sources. Axons from the cerebellar cortical neurons are
mapped topographically onto the deep nuclei. These nuclei form
the main outflow of the cerebellum.

There are several systems of nomenclature for subdividing the cer-
ebellum (Figure 6-1 and Figure 6-2); these are based on gross ana-
tomic features, afferent and efferent connections, and paleontology.
At a gross anatomic level, three transversely oriented lobes can be
defined. The anterior and posterior lobes are separated by the pri-
mary fissure. Inferior to the posterior lobe lies a small, flocculo-
nodular lobe (Figure 6-1). Two longitudinally oriented structures,

the midline vermis and the laterally positioned hemispheres tran-
sect these three lobes. Thus, the vermis and both hemispheres are
represented in the anterior, posterior, and flocculonodular lobes.

The vermis and hemispheres of the cerebellum can be further
partitioned based on connectivity into three longitudinal zones
(Figure 6-1 and Figure 6-2). Each zone represents an area of the
cortex directly related to a specific deep cerebellar nucleus. On the
midline, completely contained within the vermis, is the median
zone; its cells project to the fastigial nucleus. The lateral edge of
the vermis and a narrow strip of adjacent hemisphere represent the
paramedian zone, which projects to the interpositus nucleus. Fi-
nally, the remainder of the hemisphere is the lateral zone, directly
connected to the underlying dentate nucleus.

The cerebellum can also be classified by the organization of its af-

Horizantal
Fissure

Flocculus

Choroid Plexus
of IVth Ventricle

edian Zont

Param

|

Vermis

Anterior Lobe
Paleccerebellum

| Middle (posterior} Lobe
Meocerebellum

Flocculonadular Lobe
Archecerebellum

Figure 6-1. Diagram of the cerebellum demonstrates its various nomenclatures.
(Noback CR, Demarest R]. The human nervous system: basic principles of neurobi-
ology. 3rd. ed. New York: McGraw-Hill, 1981:323)
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ferent fibers. The flocculonodular lobe receives a significant projec-
tion from the vestibular system and is called the vestibulocerebel-
lum. Afferent fibers from the spinal cord (spinocerebellar tracts)
terminate in the anterior lobe and in portions of the vermis; these
regions are therefore called the spinocerebellum. Lateral portions
of the posterior lobe receive a significant projection of fibers from
the neocortex through the pontine nuclei; this area is called the
pontocerebellum.

From an evolutionary perspective, the flocculonodular lobe rep-
resents the oldest part; it is therefore known as the archicerebel-
lum. The anterior lobe and associated portions of the vermis repre-
sent the “not-so-old” cerebellum, or paleocerebellum. Finally, the
enlarged hemispheres of the posterior lobe represent the phyloge-
netically newest part, or neocerebellum (Figure 6-1).

Cerebellar Regions

Vestibulocerebellum

The vestibulocerebellum receives primary afferent fibers from
the ipsilateral vestibular apparatus. These projections are directed
mainly to the nodulus, whereas the flocculus receives input from
visuomotor nuclei located along the medial longitudinal fasciculus.
Efferent fibers from the vestibulocerebellum send projections di-
rectly to the ipsilateral vestibular nuclei (Figure 6-2 and Figure 6-5).
In turn, the vestibular nuclei influence axial musculature through
the vestibulospinal tracts and extraocular eye muscles through the
medial longitudinal fasciculus (Figure 6-5). The vestibulocerebel-
lum uses information from the otolithic organ (gravity) to control
posture, balance, and eye movements.

Spinocerebellum

The spinocerebellum consists of the median and intermediate
zones. Geographically, these comprise most of the vermis and an-
terior lobe. Inputs to the median zone arise in the neck and trunk
musculature and in the vestibular, auditory, and visual systems. Its
output is directed to the fastigial nucleus, which then projects ax-
ons to the sources of the vestibulospinal and reticulospinal tracts.
Through these connections, the median zone of the cerebellum co-
ordinates muscle activity in the medial motor system, which regu-
lates axial and proximal limb musculature.

The intermediate zone receives input from the spinocerebellar
tracts carrying proprioceptive information from the limb muscu-
lature. Its output is directed through the interpositus nuclei (embo-
liformis and globose) to the red nucleus and ventrolateral thalamic
nucleus. This output influences muscle coordination in the later-
al motor system through the rubrospinal and corticospinal tracts
(Figure 6-2 and Figure 6-5). The lateral motor system functions to
control the distal limb musculature.

Pontocerebellum

The lateral hemispheres of the posterior lobe consist of most of the
pontocerebellum (Figure 6-2). Their major afferent connections
arise in the contralateral pontine nuclei. These nuclei are inner-
vated by neurons in the ipsilateral cerebral cortex. It is through
this cortico-ponto-cerebellar pathway that the cerebral cortex and
cerebellum plan patterns for coordinated muscle activities in the
distal portion of the extremities. Efferent fibers, which carry these

motor patterns from the pontocerebellum, are relayed through the
dentate nucleus to contralateral thalamus and subsequently, to mo-
tor cortex.

The dentate nucleus also participates in a complex feedback cir-
cuit involving the red nucleus of the midbrain and the inferior ol-
ivary nucleus of the medulla. In this pathway, efferent projections
from the dentate nucleus innervate the contralateral red nucleus,
rubro-olivary axons course over the central tegmental tract of the
brainstem to reach the inferior olive, and olivocerebellar fibers in
the medulla cross the midline to join the inferior cerebellar pedun-
cle and innervate the cerebellar cortex. These olivocerebellar axons
form climbing fibers in the cortex. Each climbing fiber innervates
the dendritic arbor of one Purkinje cell. This rubro-olivary feed-
back loop to the cerebellum is involved in learning new motor
skills (Sanes et al., 1990).

CLINICAL DISCUSSION: The most common pathologies of the
cerebellum usually involve exposure to toxic substances (e.g., al-
cohol), a tumor, or an infarction. It is possible to catalog some of
the clinical cerebellar syndromes with respect to specific anatomic
regions (Brown, 1982; Gilman, 1986; Biller and Brazis, 1996). The
cerebellum is composed of three zones: median, paramedian, and
lateral, based on their connections. In the simplest schema of clin-
ical cerebellar presentations, two general regional syndromes are
recognized. The median cerebellar syndrome involves damage to
the midline structures in the sagittal plane. The presentation can
feature abnormalities in equilibrium, posture, gait, eye movements,
and head position (titibutions) as well as truncal ataxia and vestib-
ular nystagmus. The lateral cerebellar syndrome involves damage
to the lateral zone and can present with signs of limb ataxia: hypo-
tonia, dysmetria, decomposition of movement, past-pointing, and
impaired check. Since isolated lesions to the paramedian zone have
not been reported, the clinical presentation of this zone has been
linked to those of the lateral zone (Gilman, 1986).

A further classification breaks the midline syndrome into anterior
and posterior components. The anterior lobe or rostral vermis syn-
drome features disturbed gait and postural reflexes such as those
seen in chronic alcoholic degeneration (a process that attacks the
anterior lobe). The posterior lobe or caudal vermis syndrome (also
called basal or flocculonodular syndrome) results from damage to
the flocculonodular lobe and the posterior portion of the medi-
an zone. It can present with disturbances of equilibrium, truncal
ataxia, and vestibular nystagmus. Each of these syndromes will be
discussed further.

Cerebellar Syndromes

Anterior Cerebellar or Rostral Vermis Syndrome
Lesions of the anterior spinocerebellum present as gait disturbanc-
es without changes in reflexes (Brown, 1982). Outwardly, this is
characterized by a wide-based stance and reeling gait in the pa-
tient. There can be little indication of ataxia in the limbs upon iso-
lated heel-to-shin or finger-to-nose testing. Although infrequent,
hypotonia, nystagmus, or dysarthria can be expressed as well. This
presentation is called the anterior cerebellar or rostral vermis syn-
drome and can indicate a tumor in the anterior lobe or alcohol-in-
duced cerebellar degeneration.
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Basal Cerebellar or Caudal Vermis Syndrome

Damage to the vestibulocerebellum and lower portion of the poste-
rior (spinocerebellum) lobe can result in the basal or caudal vermis
cerebellar syndrome (truncal ataxia). The three signs are: (1) gait
disturbance and axial disequilibrium characterized by difficulty
maintaining balance while walking (this is not considered limb
ataxia) or while sitting, (2) head rotation or titibutions and, (3) nys-
tagmus. Signs of limb ataxia such as past-pointing and dysmetria
are usually not present. Because of its small size, pure lesions of
the flocculonodular lobe are rare; damage to this structure usually
occurs in concert with damage to other portions of the cerebellum
or brain stem.

Lateral Cerebellar Syndrome

The complex neurologic sequelae following lateral cerebellar hemi-
sphere damage have various names: lateral cerebellar syndrome,
neocerebellar syndrome, limb ataxia, or hemisphere syndrome.
This syndrome can feature defective postural fixation of the limbs
as well as errors in rate, range, direction, timing, and force of
skilled movements. All movements of the affected limb are slow.
Past-pointing, dysmetria, and movement (intention) tremor can
be present. The affected limb is on the side of the cerebellar lesion.
Horizontal nystagmus, in the direction of gaze, can present with
hemisphere lesions (Brown, 1982;Biller and Brazis, 1996).

Cerebellar Peduncles

Inferior Cerebellar Peduncle (ICP)

The spinocerebellar and olivocerebellar fibers enter the cerebellum
through the inferior cerebellar peduncle (ICP or restiform body).
The medial border of this peduncle also contains projections from
the vestibulo-cerebellum to the vestibular nuclei. The inferior cere-
bellar peduncle is first recognizable in the caudal medulla (see Plate
8) where it forms from the union of the dorsal spinocerebellar tract
and the olivocerebellar fibers. It rises dorsally into the cerebellum
at the pontomedullary border (see Plates 13 and 14). Olivocerebel-
lar fibers are distributed throughout the cerebellar cortex, whereas
the spinocerebellar fibers are targeted on the anterior lobe and on
portions of the median and intermediate zones.

CLINICAL DISCUSSION: Lesions of the inferior cerebellar pe-
duncle can result in ataxia similar to that resulting from lesions of
the spinocerebellum. The lateral medullary syndrome (see Chapter
4) can present with ataxia due to involvement of this peduncle (or
in caudal medullary infarcts, the spinocerebellar tracts). Since le-
sions of the inferior cerebellar peduncle leave the cerebellum func-
tioning, but devoid of proper sensory information, the resulting
deficit is termed “sensory ataxia” to distinguish it from the ataxia
resulting from direct cerebellar damage.

Middle Cerebellar Peduncle (MCP)

The middle cerebellar peduncle is the largest of the fiber tracts en-
tering the cerebellum. It arises in the pontine nuclei (see Plates 14
to 19). The axons from pontine neurons, representing the trans-
verse pontine fibers, cross the midline and coalesce along the later-
al aspect of the brain stem to become the massive middle cerebellar
peduncle. These fibers terminate in the cortex of the cerebellum.
The pontine cells receive input from the corticopontine fibers, thus

establishing a cortico-ponto-cerebellar pathway.

CLINICAL DISCUSSION: Lesions of the middle cerebellar pe-
duncle can result in ipsilateral ataxia, often combined with signs
of cranial nerve damage, such as that seen in the lateral pontine
syndrome. Lesions involving the pontine nuclei (the source of the
middle cerebellar peduncle) and adjacent corticospinal tract can
result in complex presentations such as ataxic hemiparesis (Fisher,
1978). Lesions of the middle cerebellar peduncle are also discussed
in Chapter 5.

Superior Cerebellar Peduncle (SCP)

The efferent pathway of the cerebellum is the superior cerebellar
peduncle. Arising in the deep nuclei (Figure 6-4), this peduncle
passes rostrally along the lateral walls of the fourth ventricle (see
Plates 13 and 14). At the pontomesencephalic junction, it slips
from under the rostromedial edge of the middle cerebellar pe-
duncle (Plate 15) and enters the tegmentum of the brain stem (see
Plates 16 and 17). Deep in the midbrain tegmentum, the superior
cerebellar peduncle decussates (see Plates 18 and 19) and passes
around the red nucleus (see Plates 20 and 21). Rostral to the red
nucleus the fibers in the superior cerebellar peduncle are referred
to as the cerebellothalamic tract (CThT, Plates 20 and 21). After en-
tering the caudal thalamus, these fibers pass through the thalamic
fasciculus (ThFas, Plate 22) to end in its ventrolateral nucleus (see
Plates 22 and 23).

Although most of the fibers in the superior cerebellar peduncle are
leaving the cerebellum, a small component of these axons is enter-
ing. The ventral spinocerebellar tract, which arises in the dorsal
horn of the spinal cord, joins the ventral border of the superior cer-
ebellar peduncle in the rostral pons (see Plate 15). After entering
the cerebellum, the ventral spinocerebellar tract leaves the pedun-
cle and proceeds into the anterior lobe (see Chapter 3).

CLINICAL DISCUSSION: Lesions of the superior cerebellar pe-
duncle can result in ataxia similar to lesions of the middle cere-
bellar peduncle and cerebellar hemispheres. If the lesion is caudal
to the decussation of the superior cerebellar peduncle in the mid-
brain, the ataxia is expressed on the ipsilateral side. However, le-
sions rostral to the decussation are expressed contralaterally. Signs
of midbrain dysfunction can accompany lesions involving the su-
perior cerebellar peduncle (see Chapter 7).

Microstructure of the Cerebellum

The cerebellum can be divided into two general regions based on
cytology. The outermost, or cortex, contains several layers of cells,
one of which is a monolayer of large Purkinje cell bodies. The in-
nermost region is a massive zone of white matter. Embedded in
the base of the white matter are the deep cerebellar nuclei. Affer-
ent fibers to the cerebellum travel through its peduncles. They pass
around the deep nuclei (often with collateral branches to these nu-
clei) and ascend through the white matter to the cortex, where they
make connections with Purkinje cells or closely related interneu-
rons. The axons of the Purkinje cells represent the efferent fibers
of the cerebellar cortex. They descend through the white matter to
terminate in the deep cerebellar nuclei. Finally, the deep nuclei give
rise to fibers that enter the superior cerebellar peduncle, the major
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Figure 6-3. Cytoarchitecture of the cerebellar cortex.(a) Granule cell, (b) Purkinje cell, (c) Basket cell, (d)
Stellate cell, (e) Golgi cell, (f) Mossy fiber, (g) Climbing fiber, (h) Catecholamine fiber. (Barr ML, Kiernan
JA. The human nervous system: anatomical viewpoint. 5th ed. Philadelphia: JB Lippincott, 1988,165)
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A prominent feature of the cerebellar cortex is the monolayer of
Purkinje cells. These cells are the largest neurons of the cortex;
their dendrites extend outward in elaborate arbors through the
molecular or outermost layer. Their axons enter the white matter,
eventually reaching the deep nuclei. The dendritic tree of the Pur-
kinje cell is flattened in the transverse plane (Figure 6-3). Passing
through its dendrites are axons from granule cells. These axons are
oriented parallel to the folia of the cerebellum. Their arrangement
with the Purkinje cell dendrites is somewhat reminiscent of tele-
phone wires and poles; they are referred to as parallel fibers, a term
reflecting their common orientation.

Also synapsing on Purkinje cell dendrites are climbing fibers that
arise in the contralateral inferior olivary nuclei (see Plates 8 to 12).
Each climbing fiber closely invests a Purkinje cell dendritic arbor.
Thus, neurons in the inferior olive can have a profound effect on
Purkinje cell activity.

The granule cells are located in a layer deep to the Purkinje cell
bodies (Granule cell layer, Figure 6-3). Granule cell dendrites re-

ceive afferent fibers from the vestibular system, spinal cord, and
pontine nuclei. Granule cell axons pass by the Purkinje cell body
to enter the molecular layer, where they bifurcate to form parallel
fibers. These fibers are strung through the Purkinje cell dendrites.
Afferent stimuli activate the granule cell/parallel fiber system,
which in turn activates Purkinje cells.

Numerous stellate, basket, and Golgi cells are also found in the cer-
ebellar cortex. Activated by mossy fibers’ afferent stimuli similar
to granule cells, these other interneurons have an inhibitory effect
on Purkinje cells. Thus, the Purkinje cells integrate excitatory and
inhibitory input from several different sources, and their output
influences the activity of cells in the deep nuclei.

Deep or Intracerebellar Nuclei

Embedded in the base of the white matter are the deep cerebellar
nuclei. These structures represent the main source of efferent pro-
jections from the cerebellum. From medial to lateral, they are fas-
tigial, interpositus (globose and emboliform), and dentate (Figure
6-4). Purkinje cell axons are a major source of input and have an
inhibitory influence on these nuclei. Each nucleus receives its affer-
ent fibers from a specific region of the cerebellar cortex and in turn,
forms efferent projections to specific targets in the brain stem. Fig-
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Figure 6-4. The deep or intracerebellar nuclei. This figure contains three sections throughout the deep
cerebellar nuclei, illustrating their position and surrounding tracts.
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ure 6-5 illustrates the relationship between cerebellar cortex, deep
nuclei, and specific cerebellar efferent projections.

Fastigial Nucleus (FNU)

Afferent fibers from Purkinje cells in the median zone (spinocere-
bellum) innervate the fastigial nucleus (FNu). The efferent connec-
tions of this nucleus are complex (Figure 6-5). Axons of neurons
in the fastigial nucleus innervate the ipsilateral medial and lateral
vestibular nuclei (source of the medial and lateral vestibulospinal
tracts) as well as the pontine and medullary reticular formation
(source of the pontine and medullary reticulospinal tracts). A
small component of the fastigial nucleus projects to the accessory
optic nuclei in the midbrain, and the intralaminar and ventrolater-
al nucleus of the thalamus. (These latter projections are not shown
in Figure 6-5.) The fastigial nucleus is concerned with maintaining
truncal posture and head and neck position, as well as influenc-
ing eye movements. These represent functions of the medial motor
system.

Interpositus Nuclei

The intermediate zone of cerebellar cortex is the source of afferent
fibers to the two interpositus nuclei: globose (GNu) and emboli-
form (ENu). Axons from these nuclei innervate the ipsilateral red

nucleus of the midbrain and the contralateral ventrolateral nucle-
us of the thalamus (which then communicates with motor cortex;
Figure 6-5). Through these connections, the intermediate zone of
the cerebellum influences the rubrospinal and corticospinal tracts,
coordinating movement of the musculature in the limbs. Thus, the
intermediate zone regulates the lateral motor system.

Dentate Nucleus (DNU)

The prominent dentate nucleus (DNu) appears very similar to
the inferior olive in appearance (Figure 6-4 and Plates 8 to 12). It
receives Purkinje cell axons from the lateral zone, including the
pontocerebellum. Its efferent fibers cross the midline in the de-
cussation of the superior cerebellar peduncle and reach two major
targets, the red nucleus (see Plates 20 and 21) and the ventrolateral
nucleus of the thalamus (see Plates 22 to 24; Figure 6-5). In the red
nucleus, dentate axons influence rubral neurons projecting to the
inferior olive. The dento-rubro-olivo-cerebellar circuit is a com-
plex feedback loop for the cerebellum and is involved in learning
motor skills (Sanes et al., 1990; Thach et al., 1992). The dentotha-
lamic axons form a portion of the dento-thalamo-cortical circuit,
which is involved in the planning of and preparation for skilled
movements by the distal limb musculature.
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Figure 6-5. A diagram of the deep cerebellar nuclei and their connections
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Case Study 6-3

Chief Complaint

A 49-year-old man was admitted to the hospital after experiencing the rapid onset of acute gait imbalance 3 days ago.

History of Chief Complaint

He had spent Sunday doing light work in the yard and that evening suddenly developed a severe headache. It was his
impression that the difficulty walking also developed approximately at that time. Over the next 3 days the headaches
gradually remitted somewhat, but the gait imbalance persisted unchanged. He noted that he tended to lean to the
left on standing or walking. He currently was experiencing a mild headache, but denied any vertigo. He denied any
history of neck trauma. Vomiting occurred once or twice late Sunday night, but had not reoccurred since that time.

Family History
He was married, with two children, both of whom were in college. His mother was alive and in good health; his
father had died from a myocardial infarct at the age of 60.

Past Medical History

He had had diabetes since childhood; control was maintained daily with insulin. He had recently experienced visual
loss, and numbness in his toes. He had a history of mild hypertension that had been controlled with pharmaceuticals
for the past 3 years.

General Physical Examination

He was an awake, oriented, and afebrile male, appearing his stated age and of appropriate weight. He was well nour-
ished; his skin had good color, texture, and temperature. He had several small bruises on his left foot. Optic discs had
numerous microaneurysms, with several surrounding deep hemorrhages and scattered hard exudates. A bruit was
noted over the left carotid artery. Chest was clear to auscultation and percussion; abdomen was soft with no masses
or lumps. Blood pressure, pulse, temperature, and respirations were normal on the date of admission.

Neurologic Examination
Mental Status. He was awake and oriented to time and place. Memory and knowledge were appropriate. He was
mildly dysarthric.

Cranial Nerves. Eye movements were full, with a left-beating nystagmus on gaze to the left, more marked in the left
than in the right eye. The left pupil was smaller than the right; both pupils reacted normally to light. The right palpe-
bral fissure was greater than the left. Normal hearing to finger rub was present in both ears, and he denied tinnitus.
He had diminished sensation to pinprick on the right side of his face, with slightly diminished corneal reflex on the
right. Pinprick sensation and corneal reflex on the left were intact. His gag and jaw-jerk reflexes were intact. He had
a mild paralysis of the facial muscles around the corner of his mouth on the right. His palate elevated on the midline
and his tongue protruded on the midline.

Motor Exam. Limb strength and reflexes were physiologic in all extremities. Past-pointing was present on finger-to-
nose testing in the left upper extremity and on heel-to-shin testing in the lower extremity. He demonstrated a mild
endpoint intention tremor on purposeful movements in the left upper extremity. On attempted synchronous rapid
alternating movements of the hands, the left hand moved more slowly. Left pronator drift was evident, and he deviat-
ed to the left on walking.

Sensory Exam. Vibratory, two-point discrimination, and proprioceptive senses were intact throughout the body. Pin-
prick sensation was intact on the left side of his body but diminished in the upper and lower extremities on the right.

Follow-up

Follow-up examination at six months after discharge finds the patient slightly clumsy with movements involving
the left extremity. He complains of occasional stumbling movements involving the left leg and has some difficulty
picking up delicate objects with his left hand. Motor exam finds a slight suggestion of past-pointing with both heel-
to-shin and finger-to-nose testing; otherwise coordination and strength are normal. The right-sided hemianalgesia
has greatly diminished, however a very slight asymmetry is still detectable. Eye movements are full and symmetrical
and facial symmetry is equal. He has sensation to pinprick throughout his face and his corneal reflexes are present
bilaterally. He complains of a vague, but slightly different feeling on the right side of his face when compared to the
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left side.
QUESTIONS
1. Has the patient experienced any changes in consciousness or cognition, language function or spatial recog-
nition, personality or emotional behavior, or any loss in memory?
2. Does the patient exhibit any loss of vision and if so, where in the visual field is the loss? Are there any visual
hallucinations present in this patient?
3. Are there any changes in cranial nerve function and if so, are they signs of suprasegmental or segmental
level defects?
4.  Are there any changes in motor function such as reflexes, muscle tone, movement, or coordination and if so,
are they signs of suprasegmental or segmental level defects?
5. Are there any changes in sensory function and if so, what levels of the body have experienced this change?
6. What is the clinical temporal profile of this patient’s neurologic problem: is the onset of neurologic findings
acute or insidious, is the course of the neurologic disease chronically progressive, fluctuant or stable?
7. Based on the presenting signs and symptoms, do you think the distribution of the neurologic pathology is
focal, multifocal or diffuse?
8. Based on the answers to these questions develop a differential diagnosis of the patient’s neurological prob-
lem?
9. Ifthe origin of the pathology is vascular, what arterial supply is most likely involved with the lesion in this

patient?
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» DISCUSSION I

Cerebellar Vasculature

The cerebellum is supplied by three major vessels: the superior cer-
ebellar artery, the anterior inferior cerebellar artery, and the poste-
rior inferior cerebellar artery (Figure 6-6). The distribution of these
three arterial systems is not restricted to any specific geographic
region of the cerebellum; consequently, the following vasculature
syndromes are not identical to the specific regional syndromes pre-
sented earlier in the chapter.

Occlusion or infarction of the distal branches of any one of the
cerebellar vessels will damage the hemispheres and peduncles of
this structure (Amarenco, 1991). The resulting presentation usu-
ally involves ataxia, dizziness, vertigo, nausea and vomiting, and
nystagmus (Marshall, 1989;Sypert and Alvord, 1975). However,
the stems of these vessels also supply significant portions of the
brain stem; consequently, cranial nerve and long tract signs often
accompany stem infarctions of these arteries. The specific crani-
al nerves or long tracts involved differ with each arterial system.
Therefore, these signs represent significant differentiating factors
for distinguishing infarctions in each of the three cerebellar arterial
territories.

Superior Cerebellar Artery (SCA)

The superior cerebellar artery (SCA) arises from the basilar artery
near its point of bifurcation into the two posterior cerebral arter-
ies (Figure 6-6). The superior cerebellar artery and the posterior
cerebral artery sandwich the oculomotor nerve. The superior cer-
ebellar artery passes caudal to the trochlear nerve and rostral to
the trigeminal nerve as it winds around the cerebral peduncle to
reach the superior surface of the cerebellum. (See the description
of arteries in Chapter 7.) The penetrating branches of the superi-
or cerebellar artery supply the dorsolateral quadrant of the caudal
midbrain (see Plates 15 to 19), middle and superior cerebellar pe-
duncles, deep cerebellar nuclei, and cerebellar white matter. Corti-
cal branches supply the anterior vermis, anterior hemispheres, and
lateral margins of the cerebellum.

CLINICAL DISCUSSION: The major signs of infarction restricted

to the cerebellar territory of the superior cerebellar artery are limb
and gait ataxia (Kase et al., 1985), abnormal saccades (Ranalli and
Sharpe, 1986) and several forms of nystagmus.

Superior
cerebellar
artery

Basilar
artery

Anterior

inferiar

cerebellar
artery

Cerebellar Arteries

Posterior
inferior
cerebellar

artery

Vertebral
artery

Figure 6-6. This lateral view of the cerebellum illustrates the distribution of its three major arteries. (Modified with permission from
Melloni JL, Doxi I, Melloni HP, Melloni B]. Melloni’s illustrated review of human anatomy. Philadelphia: JB Lippincott, 1988:7)
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Brain stem signs of superior cerebellar artery pathology include
transient chorea (Kase et al., 1985), loss of pain and temperature
sensation from the contralateral face and body; ipsilateral Horner’s
syndrome, and contralateral supranuclear facial palsy (Marshall,
1989).

Anterior Inferior Cerebellar Artery (AICA)

The anterior inferior cerebellar artery (AICA) arises from the bas-
ilar at the level of the caudal pons (Figure 6-6). It sweeps laterally,
in close relationship to the facial and acousticovestibular cranial
nerves. After passing through the cerebellopontine angle, the ar-
tery reaches the inferior surface of the cerebellum. Its penetrating
branches supply the dorsolateral quadrant of the rostral medulla
and caudal pons (see Plates 10 to 14), inferior portion of the middle
cerebellar peduncle, and inferior cerebellar peduncle. Its cortical
branches supply flocculus, part of vermis, and inferior portions of
cerebellar cortex.

CLINICAL DISCUSSION: Lesions restricted to the cerebellar dis-
tribution of the anterior inferior cerebellar artery are not well doc-
umented in the literature. Textbooks often include ataxia and dys-
metria; however, these signs could also reflect involvement of the
middle cerebellar peduncle. Lesions involving the entire territory
of this artery result in limb and gait ataxia caused by involvement
of the middle cerebellar peduncle. Infarction in the brain stem
territory of the anterior inferior cerebellar artery can present with
hemifacial paralysis (nuclear or nerve lesion), Horner’s syndrome,
and lateral gaze palsy on the ipsilateral side, alternating analgesia
involving the ipsilateral face and contralateral body, as well as deaf-
ness, tinnitus, vertigo, nausea, vomiting, and nystagmus (Toole,
1984; Amarenco and Hauw, 1990).

Posterior Inferior Cerebellar Artery (PICA)

The posterior inferior cerebellar artery (PICA) arises from the ver-
tebral artery at approximately the cervicomedullary junction (Fig-
ure 6-6). It is in close relationship with cranial nerves IX through
XII as it winds its way around the brain stem to reach the posteri-
or margin of the cerebellum. It supplies the dorsolateral quadrant
of the medulla (see Plates 7 to 10), inferior and posterior vermis,
tonsils, and inferolateral surface of the cerebellum. Its penetrating
branches supply part of the dentate nucleus.

CLINICAL DISCUSSION: The major signs of infarction restricted
to the cerebellar territory of the posterior inferior cerebellar artery
are rotatory dizziness that is intensified by motion, nausea, vomit-
ing, imbalance, and nystagmus (Duncan et al., 1975). The nystag-
mus is often horizontal in both directions of gaze (Bogousslavsky
and Meienberg, 1987).

The neurologic signs resulting from infarction of the medullary
distribution of this artery can represent the lateral medullary syn-
drome (see Chap. 4): dysphagia, dysphonia, hiccup, ipsilateral
Horner’s syndrome, paralysis of the soft palate and larynx, and al-
ternating analgesia involving ipsilateral face and contralateral body
(Marshall, 1989). Ipsilateral ataxia and dysmetria can result from
damage to the inferior cerebellar peduncle in the brain stem.
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Chapter 7
Midbrain

INTRODUCTION

The midbrain, the narrowest portion of the brain stem, lies between
the supra- and infratentorial compartments, surrounded by the in-
cisure of the tentorium cerebelli. This portion of the brain stem is
characterized by the massive cerebral peduncles (legs) located ven-
trally and by the superior and inferior colliculi (little hills) dorsal-
ly. The neural circuits intrinsic to this region involve coordination
of body and eye movements with respect to external stimuli and
maintain consciousness by influencing the level of neural activity
in the cerebral cortex. The midbrain contains the nuclei and radi-
ations of oculomotor, trochlear, and portions of trigeminal cranial
nerves. It receives its blood supply from penetrating branches of
the basilar and posterior cerebral arteries.

In this chapter the nuclei and tracts of the midbrain will be ex-

amined. The vascular supply to the midbrain will be studied and
several clinicopathologic cases will be presented.

GENERAL OBJECTIVES

1. To learn the location and function of the major tracts and
cranial nuclei in the midbrain

2. To learn the presenting signs and symptoms consequent
to lesions involving these tracts and nuclei

3. To apply the preceding knowledge to an understanding of
the clinical manifestations of the major midbrain vascular
lesions
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INSTRUCTION

In this chapter you will be presented with one or more clinical case
studies. Each study will be followed by a list of questions that can
best be answered by using knowledge of regional and functional
neuroanatomy and by referring to outside reading material. Fol-
lowing the questions will be a section devoted to structures from a
specific region of the central nervous system. Before you attempt to
answer the questions, compile a list of the patient’s neurologic signs
and symptoms; then examine the structures and their functions
and study their known clinical deficits. After becoming familiar
with the material, reexamine the list of neurologic signs and symp-
toms and formulate answers to the questions. Be aware that some
of the questions can have multiple responses or require informa-

tion beyond the scope of this manual. It may be necessary to obtain
material or advice from additional resources such as specialty texts,
a medical dictionary, or clinical personnel.

MATERIALS

1. A human brain stem and brain stem model
2. A human brain stem with intact blood supply

3. A medical dictionary

Chapter Seven Topics:

Case Study 7-1

DISCUSSION |

Mesencephalic Structures

Atlas Plates 16 & 17
SUPERIOR CEREBELLAR PEDUNCLE (SCP)
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Atlas Plate 18
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CEREBRAL PEDUNCLE OR CRUS CEREBRI (CC)

Atlas Plate 20
PRETECTAL NUCLEI (PrTecNu)
ROSTRAL INTERSTITIAL NUCLEUS OF THE MEDIAL
LONGITUDINAL FASCICULUS (RINMLF)
POSTERIOR COMMISSURE (PoCom)
RADIATIONS OF THE OCULOMOTOR NERVE (OcNr)
RED NUCLEUS (RuNu)
DENTOTHALAMIC TRACT OR CEREBELLOTHALAM-
IC TRACTS (CThT)

Case Study 7-2

DISCUSSION i

Midbrain Vasculature
Posterior Circulation
Anterior Circulation

Midbrain Lesion Syndromes
Paramedian Syndrome
Weber’s Syndrome
Benedict’s Syndrome
Parinaud’s Syndrome

“Top of the Basilar” Syndrome

Reference List
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Case Study 7-1

Chief Complaint
This 57-year-old, right-handed woman is presenting with a marked weakness of her right eyelid and double vision when
her eye is forced open.

History of Chief Complaint

She had experienced two episodes of blurred vision and headache on the day prior to admission. That evening she went
to bed early. She awoke with an inability to open the right eyelid. When she held the eyelid open with her finger, she
noted marked double vision.

Medical History

This patient had had moderate hypertension for 30 years. The hypertension was managed using beta-blockers.

Family History

The patient has been married for 35 years and has three children in college. Both parents are living; her father has had
a long history of hypertension. She has a 25-pack-year history of smoking and claims to consume a moderate amount
of alcohol each week.

Physical Examination

On examination she was stable, awake, oriented, and of anxious demeanor. The patient was well nourished, well hydrat-
ed, obese, and in poor physical condition; she appeared slightly older than her stated age. Optic discs had sharp edges.
Her chest was clear to auscultation and percussion. Her blood pressure was 160/100; pulse, temperature, and respira-
tions were physiologic. Abdomen was difficult to palpate because of her obesity; however, no tenderness was observed.
Peripheral pulses were difficult to access; mild edema was present at the ankles but not at the wrists.

Neurologic Examination

Mental Status. The patient was alert and oriented to time and place. Speech was articulate and content was meaningful.
Memory and knowledge were appropriate for her background. She could follow two- and three-step commands and
was an adequate historian.

Cranial Nerves. Visual fields were full to confrontation. If asked to open her eyes, the right eyelid did not elevate beyond
2 mm; the left opened 10 to 12 mm. When the right eyelid was elevated by an external force, the right eye was deviated
to the right and down; she could effect no volitional medial or upward movement of the right eye. The right eye did not
respond to caloric testing, nor did it respond during attempted convergence. A full range of motion was present with
the left eye. Pupillary responses were intact bilaterally. Although it did not move, the right eye would constrict with the
left eye on attempted convergence. Hearing was normal in both ears. A minor weakness was noted in the left corner of
her mouth when she attempted to grimace. Her palate elevated symmetrically, and corneal, jaw-jerk, and gag reflexes
were intact. Her tongue protruded on the midline and her shoulder shrug was symmetric and of physiologic strength.

Motor Exam. Strength was intact in all limbs. Deep tendon reflexes were physiologic and symmetric in the upper ex-
tremities and slightly increased in the left lower extremity compared to the right. There was a left Babinski response.

Sensory Exam. Pinprick, two-point discrimination, vibratory sense, and proprioception were present throughout face
and body.

Follow up

Follow up at four months post discharge reveals a persistent ophthalmoplegia involving the right eye and paralysis of
the right eyelid. Tendon reflexes are bilaterally symmetrical in all four limbs and there is no residual Babinski response
on either side.

QUESTIONS

1. Has the patient experienced any changes in consciousness or cognition, language function or spatial recogni-
tion, personality or emotional behavior, or any loss in memory?
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2.

Does the patient exhibit any loss of vision and if so, where in the visual field is the loss? Are there any visual
hallucinations present in this patient?

Are there any changes in cranial nerve function and if so, are they signs of suprasegmental or segmental level
defects?

Are there any changes in motor function such as reflexes, muscle tone, movement, or coordination and if so,
are they signs of suprasegmental or segmental level defects?

Are there any changes in sensory function and if so, what levels of the body have experienced this change?

What is the clinical temporal profile of this patient’s neurologic problem: is the onset of neurologic findings
acute or insidious, is the course of the neurologic disease chronically progressive, fluctuant or stable?

Based on the presenting signs and symptoms, do you think the distribution of the neurologic pathology is
focal, multifocal or diffuse?

Based on the answers to these questions develop a differential diagnosis of the patient’s neurological problem?

If the origin of the pathology is vascular, what arterial supply is most likely involved with the lesion in this
patient?
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» DISCUSSION I

Mesencephalic Structures

The major ascending and descending tracts of the spinal cord pass
through the midbrain. In addition, there are numerous intrinsic
nuclei related to the cranial nerves and reticular formation with
which you should become familiar. These items are listed on the
following plates. The abbreviation following each structure corre-
sponds to that used on the atlas plate. The first time you encoun-
ter a given structure its description will be provided, along with
comments on function and any clinical deficit consequent to its
destruction. For subsequent sections, the structure will be men-
tioned by name only unless significant changes have occurred in
its location or composition.

Atlas Plate 16

Go to the Atlas

Atlas Plate 17

Go to the Atlas

The dorsal portions of these sections pass through the caudal mid-
brain; the ventral portions are located in the pons. A prominent
feature of Plate 16 is the peripheral location of the massive superior

cerebellar peduncle containing dentothalamic fibers from the cere-
bellum. The prominent feature of Plate 17 is the appearance of the
inferior colliculus on the dorsal surface of the midbrain tegmen-
tum and the inward movement of the superior cerebellar peduncle.
The pontine structures on this plate were presented in Chapter 5.

SUPERIOR CEREBELLAR PEDUNCLE (SCP)

The superior cerebellar peduncle (SCP) has a ventral tail that
curves in a medial direction (more prominent on Plate 17), giving
this fiber bundle a calycine profile. To the inside of the calyx lies
the central tegmental tract; to the outside are the three sensory
lemnisci: medial lemniscus, antero-lateral tract (or spinal lemnis-
cus), and lateral lemniscus. The composition of the superior cere-
bellar peduncle and the clinical deficits resulting from its destruc-
tion were discussed in Chapters 5 and 6.

RADIATION OF THE TROCHLEAR NERVE (TroNr)
The trochlear nucleus lies slightly rostral to Plate 17 in the mid-
brain; however, the radiations of its nerve (TroNr) can be seen as
small fiber bundles in the lateral aspect of the central gray (see Plate
17). These fascicles leave the nucleus and pass dorsally around the
central gray to reach the tectum. They emerge from the brain stem
and cross the midline posterior to the inferior colliculus (Figure
6-1). After leaving the dorsal aspect of the midbrain, the trochlear
nerve crosses the subarachnoid space to reach the inferior surface
of the tentorium cerebelli. This nerve innervates the contralateral
superior oblique muscle which, if contracted, causes the globe to
deflect downward from the adducted position, and to rotate in-
ward from the abducted position.

LATERAL LEMNISCUS AND ITS NUCLEI (LL,
LLNu)

The lateral lemniscus (LL) has extended dorsally to enter the base
of the inferior colliculus. This prominent fiber tract is carrying as-
cending axons from the cochlear nuclei and superior olive to the
inferior colliculus. The nuclei of the lateral lemniscus (LLNu) can
be seen embedded in the fibers of the lemniscus at its rostral end.

CLINICAL DISCUSSION: Section of the lateral lemniscus will
produce diminished hearing functions in the contralateral ear.
Symmetric, bilateral lesions of the lateral lemniscus and inferior
colliculus by contusion on the tentorial incisura in an automobile
accident has produced complete bilateral deafness (Howe and
Miller, 1975). Damage to the area around the base of the inferior
colliculus and the tegmentum near the lateral lemniscus can pro-
duce “acoustic hallucinations” (Cascino and Adams, 1986).

INFERIOR COLLICULUS (IC)

The two bilateral masses of the inferior colliculus (IC) in the poste-
rior tectum are major relay centers for the auditory pathways. The
inferior colliculus receives afferent projections from the contralat-
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eral cochlear nucleus and bilateral projections from the superior
olivary nuclei and the nuclei of the lateral lemniscus. The combin-
ing of these projections within the inferior colliculus generates a
map of acoustic space. The inferior colliculus uses this map in the
process of sound localization data (Jenkins and Masterton, 1982)
and in generating reflex responses to unexpected stimuli. Ascend-
ing projections from the inferior colliculus are directed through
its brachium to the ipsilateral medial geniculate nuclei of the thal-
amus; descending projections travel through the lateral lemniscus
to reach the superior olives and cochlear nucleus.

CLINICAL DISCUSSION: Lesions of the inferior colliculus di-
minish hearing functions from the contralateral ear. Consequently,
compression of the inferior colliculi by pineal tumors can result in
loss of hearing. Distortions of acoustic perception can result from

lesions around the margins of this structure. Damage to the ventro-
medial aspect of the inferior colliculus and the superior medullary
vellum has resulted in bilateral hyperacusis in a patient (Sand et
al., 1986).

MIDBRAIN RETICULAR FORMATION (MRetF)

Numerous groups of cells, serving differing functions, are pres-
ent in the midbrain reticular formation (MRetF). Along the dor-
sal midline are those nuclei involved in control of conjugate eye
movement: rostral interstitial nucleus of the medial longitudinal
fasciculus, nucleus of Darkschewitschi, and interstitial nucleus of
Cajal. Collectively, these nuclei are referred to as the preoculomo-
tor system since many of their efferent fibers have a direct influence
on the motor nuclei of the extraocular eye muscles. They are found
embedded in the central gray of the midbrain, closely associated

Midbrain Cranial
Nerves

"

Curb%:der
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h
Tentorium
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Free border

Ciaphragmea sella

Figure 7-1. A drawing of the midbrain and its relationship to the tentorium cerebelli. The tentorium has been
cut and the cerebellum removed to reveal the brain stem, which has been transected at the midbrain-thalam-
ic border. The trochlear nerve is seen leaving the dorsal surface of the midbrain and penetrating the inferior
surface of the tentorium. The oculomotor nerve is seen leaving the ventral surface of the midbrain and pen-

etrating the dura.
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with the rostral end of the medial longitudinal fasciculus. Afferent
projections to the preoculomotor nuclei originate in the parame-
dian pontine reticular formation (horizontal gaze center) as well
as in the contralateral frontal cortex (eye fields, area 8), superior
colliculus, pretectum, and vestibular nuclei. Efferent fibers from
the preoculomotor nuclei innervate the oculomotor, trochlear, and
vestibular nuclei. The preoculomotor system and the paramedian
pontine reticular formation are involved in controlling vertical and
horizontal eye movements (Bender, 1980).

The midbrain reticular formation also gives rise to a diffuse projec-
tion of axons running into the intralaminar nuclei of the thalamus
for eventual relay into the cerebral cortex. These axons are part of
the ascending reticular activating system. The cell bodies of origin
for these projections are found in a portion of the reticular forma-
tion extending from the rostral pons through the midbrain. This
diffuse system of fibers is involved in modulating the level of neural
activity in the cerebral cortex.

Passing through the lateral midbrain reticular formation are the
corticonuclear fibers that are involved with control of horizontal
gaze. These fibers leave the internal capsule, descend through the
posterior thalamus and midbrain, and cross the midline to eventu-
ally innervate the paramedian pontine reticular formation.

CLINICAL DISCUSSION: Damage to the ascending reticular ac-
tivating system by lesions of the midbrain reticular formation can
result in coma (Plum and Posner, 1982). Unilateral damage to this
system can diminish the input to one cerebral hemisphere, result-
ing in a profound, contralateral “neglect syndrome” (Watson et al.,
1974).

Laterally placed lesions of the midbrain reticular formation can
interrupt the descending corticonuclear fibers to the paramedian
pontine reticular formation, resulting in loss of horizontal gaze.
Since these fibers have not decussated at this point, the deficit is
expressed on the contralateral side, and the patient is unable to
gaze volitionally into the visual hemisphere opposite the lesion.
However, the eyes can be deflected into this hemisphere using the
oculocephalic reflex or caloric stimuli.

Ventrally positioned lesions of the midbrain or pons that leave
the preoculomotor nuclei and the ascending reticular activating
system intact, but interrupting the descending corticospinal and
corticonuclear fibers bilaterally can create a “locked-in” syndrome.
Patients are conscious in their surroundings, but because of the
loss of the descending motor control systems they cannot respond
except through the initiation of vertical eye movements (Plum and
Posner, 1982). Lesions resulting in locked-in syndrome can be vas-
cular in origin, but can also arise from transtentorial herniation
secondary to trauma (Keane and Itabashi, 1985;Keane, 1986).

Review Structures From Preceding Plates
Identify the following structures from previous sections:

o Central gray (CeGy)

o  Medial lemniscus (ML)

o Anterolateral system (ALS)

o Ventral trigeminothalamic tract (VT'Tr)

o  Central tegmental tract (CTT)

o Rubrospinal tract (RuSp)

o  Midbrain reticular formation (MRetF)

«  Raphe complex (Central superior) (RaNu)

Atlas Plate 18

Go to the Atlas

The dorsal portion of this section passes through the inferior col-
liculus, crossing the extreme caudal border of the superior collicu-
lus. The ventral portion is located in the pons. The pontine struc-
tures contained on this section are discussed in Chapter 5.

SUPERIOR COLLICULUS (SC)

The superior colliculi (SC) form two mounds in the tectum at the
rostral border of the midbrain. (They are best observed in Plate
19.) The cells and fibers of the superior colliculi are arranged in a
series of horizontal layers. These layers receive input from the vi-
sual, auditory, and somatic sensory systems, as well as projections
from frontal and parietal cortex. The deeper layers of the superior
colliculus contain the efferent neurons of the tectobulbar and tec-
tospinal tracts.

Projections from the superior colliculus are directed to numerous
sites. The tectobulbar tract projects to the accessory optic nuclei
of the midbrain and the reticular formation. The tectospinal tract
reaches the cervical spinal cord, and the tectocortical fibers project
to the extrastriate visual cortex.

Using its visual, auditory, and somatic sensory inputs, the superior
colliculus forms a map of the body and of external space. It uses
this map to guide head, eye, and upper limb movements in track-
ing and responding to unexpected stimuli (Sparks, 1986). The
superior colliculus is involved particularly in generating visually
guided saccades.

The superior colliculus participates in the parallel processing of vi-
sual information. The retino-tecto-cortical fibers form a pathway
to the visual cortex that runs parallel to the retino-geniculo-corti-
cal projections passing through the thalamus. In humans this par-
allel pathway can still process visual stimuli when there is damage
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in the thalamic route. If forced to use the tectal pathway alone, the
patient does not see recognizable images but can detect flashing
light and moving targets (Barbur et al., 1980).

CLINICAL DISCUSSION Isolated lesions of the superior collicu-
lus in monkeys interfere with the animal’s ability to attend to novel
stimuli, especially when they are unexpected. Collicular lesions in
humans cause increased saccade latencies and a defect in saccade
execution (hypometria), so that they fall short of the target.

DECUSSATION OF THE SUPERIOR CEREBELLAR
PEDUNCLE (dSCP)

The superior cerebellar peduncle contains fibers from the dentate
nucleus of the cerebellum that will terminate in the contralateral
red nucleus of the midbrain (see Plates 20 and 21) and ventrolat-
eral thalamic nucleus (see Plate 21). The decussation of this large
fiber tract in the midbrain marks the point where its axons cross
the midline.

CLINICAL DISCUSSION: Lesions that damage the central por-
tion of the midbrain, including the decussation of the superior cer-
ebellar peduncle, often produce coma (Ropper and Miller, 1985),
thus masking any motor deficits. However, cases have been report-
ed of small vascular lesions in the caudal tectal plate and midbrain
tegmentum that produce unsteady gait and ataxia in all four limbs
(Sand et al., 1986), as well as truncal ataxia (Durward et al., 1982).
These symptoms are presumably due to the involvement of the su-
perior cerebellar peduncle.

TROCHLEAR NUCLEUS (TroNu)

The trochlear nucleus (TroNu) is located in the ventral portion of
the central gray, indented into the dorsal border of the medial lon-
gitudinal fasciculus. Its axons form the radiations of the trochlear
nerve that arch dorsally along the border of the central gray and
cross the midline on the dorsal surface of the tectum before exiting
the brain stem (Figure 7-1). This nucleus provides motor innerva-
tion to the superior oblique muscle.

CLINICAL DISCUSSION: An isolated lesion of the trochlear nu-
cleus or nerve can result in paralysis of the superior oblique mus-
cle; in such a case the affected eye may move slightly upward and
outward (extorsion). Diplopia may occur on forward gaze and
worsen on attempted downward and inward vision. The patient’s
head is tipped to the opposite side in an effort to bring the visual
fields of both eyes into alignment and reduce the diplopia.

Head trauma is the most common cause of trochlear nerve palsy
(Rush and Younge, 1981). Extracerebral damage to the nerve dis-
tal to the decussation results in paralysis of the ipsilateral superior
oblique muscle. The trochlear nerve can be damaged by compres-
sion as it enters the incisure of the tentorium cerebelli (Figure 7-1).
In addition, traumatic head injuries that induce bleeding into the
superior cerebellar cistern are a source of trochlear palsy. In bleed-
ing accidents, the onset of the palsy can be hours after the injury
(Lavin and Troost, 1984).

Trochlear palsy due to an intracranial lesion is very rare but has
been reported. Causal factors of such lesions are aneurysms and
vascular malformations, usually positioned posterior to the infe-

rior colliculus or in the superior medullary velum (Gonyea, 1990).

CUNEIFORM NUCLEUS (CunNu)

The cuneiform nucleus (CunNu) is a small, wedge-shaped nucleus
closely associated with the central gray of the midbrain. The nu-
cleus is thought to be involved with the pathways processing pain
(Bernard et al., 1989). It receives afferent fibers from the spinal
cord and projects axons to the raphe nuclei of the medulla. The
medullary raphe nucleus is the source of axons to the dorsal horn
that modulate input from the nociceptive, primary afferent fibers.

Review Structures From Preceding Plates
Identify the following structures from previous sections:

o Inferior colliculus (IC)

o  Lateral lemniscus (LL)

o Central gray (CeGy)

o  Medial lemniscus (ML)

o Anterolateral system (ALS)

o Ventral trigeminothalamic tract (VI'Tr)
«  Central tegmental tract (CTT)

o Rubrospinal tract (RuSp)

e  Midbrain reticular formation (MRetF)

o  Raphe complex (central superior) (RaNu)
o Dorsal longitudinal fasciculus (DLF)

o Medial longitudinal fasciculus (MLF)

Atlas Plate 19

Go to the Atlas

The dorsal portion of this section passes through the superior
colliculus; the ventral portion transects the pontomesencephalic
junction. Characteristic of this section is the merger of the cerebral
peduncle into the basilar pons. The pontine structures present on
this section have been discussed in Chapter 45
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Highlight Point

The clinical manifestions of damage to the oculomotor nu-
cleus, radiations or nerve can include:

Ipsilateral eye positioned
down and out

Pupil fixed and dilated,
unresponsive to light

OCULOMOTOR NUCLEUS (OcNu)

The oculomotor nucleus is positioned along the midline, under the
cerebral aqueduct (Figure 7-2). It contains general somatic moto-
neurons that innervate four of the extraocular eye muscles: the me-
dial, inferior, and superior rectus muscles and the inferior oblique
muscle. These muscles function to move the globe on the vertical
axis. With the eye in full abduction, the superior and inferior recti
move the globe up and down on the vertical axis, respectively. With
the eye in full adduction, the inferior and superior oblique mus-

cles move the globe up and down on the vertical axis, respectively
(Masdeu and Brazis, 1996). The oculomotor nucleus also inner-
vates the levator palpebrae muscle, which elevates the eyelid.

The oculomotor nucleus is situated at the rostral end of the medial
longitudinal fasciculus and receives projections from the vestibular
nuclei, abducens nucleus, prepositus hypoglossal nucleus, and the
paramedian pontine reticular formation or horizontal gaze cen-
ter. Afferent projections to this nucleus also arise from a cluster of
small nuclei surrounding the rostral end of the median longitudi-
nal fasciculus. Two nuclei in this region, the rostral interstitial nu-
cleus of the medial longitudinal fasciculus and the interstitial nu-
cleus of Cajal, as well as their surrounding neurons, are referred to
as the vertical gaze center. Collectively, the nuclei at the rostral end
of the median longitudinal fasciculus, which project axons into the
oculomotor nucleus, are referred to as the preoculomotor nuclei.

On the rostrodorsal border of the oculomotor nucleus is the nu-
cleus of Edinger-Westphal, which contains general visceral efferent
(preganglionic), parasympathetic neurons. These cells innervate
the ciliary ganglion and control pupillary constriction.

CLINICAL DISCUSSION: In total paralysis of the oculomotor nu-
cleus or nerve, ptosis is present in the ipsilateral eye because of loss

The Cculomotor
Radiations

Figure 6-2. The course of the oculomotor nerve in the midbrain demonstrates the topography of fiber fascicles within the
radiations of the oculomotor nerve. The inset is taken from the main section and illustrates the position of the fascicles of the
oculomotor nerve. Each oval represents a fascicle associated with a specific muscle (10, inferior oblique; IR, inferior rectus;
Lid, levator palpebrae; MR, medial rectus; PUP, pupillary fibers; SR, superior rectus). (Modified from Castro O, Johnson LN,
Mamourian AC. Isolated inferior oblique paresis from brain-stem infarction. Arch Neurol 1990;47:235)
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of the levator palpebrae muscle. When the lid is elevated forcefully,
the globe is found fully abducted with little or no vertical move-
ment and only slight medial movement due to relaxation of the
lateral rectus muscle. The pupil is dilated and unresponsive to light.
Partial paralysis, involving selected muscles in the oculomotor sys-
tem, can occur.

BRACHIUM OF THE INFERIOR COLLICULUS
(BrIC)

The brachium or arm of the inferior colliculus (BrIC) contains ax-
ons from the inferior colliculus in the midbrain to the ipsilateral
medial geniculate of the thalamus. This tract is the major auditory
projection from the midbrain to the thalamus.

CLINICAL DISCUSSION: Lesion of the brachium of the inferior
colliculus in cats results in deficits similar to those associated with
lesions of the inferior colliculus (Jenkins and Masterton, 1982) i.e.,
contralateral diminution of hearing functions.

INTERPEDUNCULAR NUCLEUS (IPNu)

The interpeduncular nucleus (IPNu) is a small cluster of neurons
on the ventral surface of the midbrain, nestled between the two
massive cerebral peduncles. This nucleus is a relay station in the
flow of information from the limbic forebrain to the brainstem se-
rotonergic systems. It receives afferent fibers from the septal area
of the forebrain through the habenulointerpeduncular tract (see
Chapter 8. Efferent fibers from the interpeduncular nucleus estab-
lish connections with the raphe nuclei and central gray (Groene-
wegen et al., 1986).

SUBSTANTIA NIGRA (SN)

The substantia nigra (SN) is embedded in the dorsomedial surface
of the cerebral peduncles. It receives a projection from the corpus
striatum (caudate nucleus and putamen) called the striatonigral
tract. The substantia nigra includes cell types producing dopa-
mine. These axons form the nigrostriatal tract, which projects to
the caudate nucleus and putamen. The substantia nigra plays a role
in control of the motor system. The integration of this nucleus with
the basal ganglia is further discussed in Chapter 11.

CLINICAL DISCUSSION: Vascular lesions in the vicinity of the
substantia nigra usually involve the cerebral peduncles as well; the
paralysis resulting from the loss of the corticospinal fibers tends
to mask any signs generated by the loss of the substantia nigra.
Neurodegeneration of the dopamine-containing neurons in the
substantia nigra results, through a complicated pathway (Chapter
11), in a deregulation of the internal segment of the globus palli-
dus (Alexander and Crutcher, 1990), which can then increase its
inhibition of the ventral lateral thalamic nucleus. The result is a
diminished output from thalamus to motor cortex. The patient ex-
periences hypokinesia or decreased ability to initiate motion and
bradykinesia, a decreased speed of motion (DeLong, 1990). These
two motor deficits are part of the Parkinson’s syndrome.

Small vascular lesions of the substantia nigra are usually clinically
silent since it requires destruction of in excess of 80% of the nucle-
us before clinical presentation occurs. If 80-90% of the nucleus is
destroyed in a vascular accident, then a good portion of the cere-
bral peduncle is most likely damaged as well. The resulting spastic

paralysis will mask any clinical presentation of a movement disor-
der from the substantia nigra.

VENTRAL TEGMENTAL AREA (VTA)

The ventral tegmental area (VTA) is a loose collection of dopami-
nergic cells located medial to the substantia nigra and continuous
rostrally with the lateral hypothalamic area. Its ascending projec-
tions reach many of the limbic forebrain structures (Moore, 1982).

CLINICAL DISCUSSION: Dopaminergic neurons in the ventral
tegmental area are depleted in Parkinson’s disease. Just how much
this contributes to the syndrome is unclear at this writing. Being
connected to the limbic forebrain, it is conceivable that diminu-
tion in the function of these neurons plays a role in the personality
changes seen in the parkinsonian patient. Excessive production of
dopamine by these cells has been found in the postmortem brains
of schizophrenic patients (Bird et al., 1979).

CEREBRAL PEDUNCLE OR CRUS CEREBRI (CC)

The massive cerebral peduncles or crus cerebri are present in the
ventrolateral quadrant of the midbrain. Rostrally, this fiber bundle
represents a derivative of the internal capsule; caudally, it is contin-
uous with the corticospinal tract in the pons and pyramidal tract in
the medulla. A topographic distribution of axons is present in the
cerebral peduncles. The frontopontine fibers are located most ven-
trally; the corticonuclear, corticospinal, temporopontine, occipi-
to-pontine, and parietopontine fibers follow in order, progressing
dorsally (Figure 7-2).

The fibers of the crus cerebri arise in large part from the cerebral
cortex and pass through the internal capsule. Damage to either
structure can result in degeneration of a portion of the crus and is
expressed as hemiplegia in the patient. This reduction in mass of
the crus is detectable by imaging and is proportional to the extent
of the causal lesion in the forebrain (Warabi et al., 1987). In addi-
tion, the reduction in area of the crus is inversely proportional to
the probability of recovery of function (Warabi et al., 1990).

CLINICAL DISCUSSION: Vascular accidents involving the pe-
duncles usually present with contralateral paresis of the limbs (in-
volving the distal extremities more than the proximal), which is
assumed to be due to the loss of the corticospinal fibers. In ad-
dition, contralateral facial paralysis in the lower quadrant of the
face from the loss of the supranuclear innervation of these cranial
motor nuclei and contralateral dystaxia from loss of the corticop-
ontine fibers are present (Fisher and Curry, 1965;Helweg-Larsen
et al., 1988).

The effects of small lesions in the cerebral peduncles are contro-
versial. Surgical lesions, placed in the corticospinal portion of the
human cerebral peduncles, produced only slight hypokinesia and
very mild loss of function (Bucy and Keplinger, 1961). Based on
these studies, it is proposed that section of the corticospinal por-
tion of the peduncle alone will not result in spasticity. It is certainly
possible that the vascular accidents observed clinically have dam-
aged more than the corticospinal fibers, such as the corticonuclear
fibers to the reticular formation, accounting for the spastic paraly-
sis that presents in these patients.
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Review Structures From Preceding Plates
Identify the following structures from previous sections:

«  Superior colliculus (SC)

o Central gray (CeGy)

e  Medial lemniscus (ML)

o Anterolateral system (ALS)

o Ventral trigeminothalamic tract (VI'Tr)
o Central tegmental tract (CTT)

o Rubrospinal tract (RuSP)

e  Midbrain reticular formation (MidRetF)
o Medial longitudinal fasciculus (MLF)

o Dorsal longitudinal fasciculus (DLF)

Atlas Plate 20

Go to the Atlas

The dorsal portion of this section passes through the caudal thal-
amus; the ventral portion passes through the midbrain and an ex-
treme rostral edge of the pons. The pontine and thalamic structures
of these sections are discussed in Chapters 5 and 8, respectively. A
salient feature of this section is the massive cerebral peduncles that
cradle the midbrain and thalamus.

PRETECTAL NUCLEI (PrTecNu)

The pretectal nuclei (PrTecNu) are positioned between the superi-
or colliculi caudally and the thalamus rostrally (Figure 7-1). They
receive information bilaterally, from the retina, thereby represent-
ing the contralateral visual hemisphere. Pretectal axons project di-
rectly to the ipsilateral Edinger-Westphal nuclei of the oculomotor
complex as well as through the posterior commissure to the con-
tralateral Edinger-Westphal nucleus. From the Edinger-Westphal
nucleus, parasympathetic fibers travel with the oculomotor nerve
to reach the ipsilateral ciliary ganglion in the eye. Short ciliary or
postganglionic fibers from the ciliary ganglion innervate the pupil-
lary sphincter muscles of the iris and the ciliary body (Figure 7-3).
The pretectal system is involved in the pupillary light reflex and the
accommodation-constriction response (Barr and Kiernan, 1993).
Light shined in one eye will, acting through the bilateral projec-
tions from the pretectum, constrict both pupils (Masdeu and Bra-

zis, 1996).

CLINICAL DISCUSSION: Bilateral damage to the pretectal area
causes the loss of convergence movements and pupillary light
reflex that occur in Parinaud’s syndrome or the syndrome of the
dorsal midbrain (Waga et al., 1979). Partial damage to the retina
or to the retinopretectal fibers in the optic nerve or contralateral
optic tract, although not eliminating the light reflex, can weaken
that side’s ability to maintain pupillary constriction. When light is
shone into the eye contralateral to the damage, a consensual re-
sponse rapidly constricts both pupils. However, when it is quickly
moved over to the ipsilateral eye, the pupils dilate because of the
weakened constrictor tone from the damaged pretectum. This phe-
nomenon of paradoxical dilation is called the Marcus Gunn pupil
and is a sign of damage to the pretectal afferent fibers (Patten, 1996
page 8). The Marcus Gunn pupil test is typically used to demon-
strate demyelination of the optic nerve in patients with presump-
tive multiple sclerosis.

ROSTRAL INTERSTITIAL NUCLEUS OF THE ME-
DIAL LONGITUDINAL FASCICULUS (RINMLF)

The rostral interstitial nucleus of the medial longitudinal fascic-
ulus (RINMLF) is located in the central gray at the rostral end
of the medial longitudinal fasciculus. It controls vertical gaze
(Bittner-Ennever et al., 1982) and pursuit movements (Ranalli et
al., 1988) through a complex set of efferent projections. Fibers in-
fluencing downward vertical saccades project caudally along the
medial longitudinal fasciculus to reach the ipsilateral oculomotor
and trochlear nuclei. Those influencing upward vertical saccades
project superiorly to cross the midline in the posterior commissure
and then descend in the medial longitudinal fasciculus to reach the
contralateral oculomotor and trochlear nuclei.

CLINICAL DISCUSSION: Lesions involving the area around the
medial longitudinal fasciculus, rostral to the oculomotor or troch-
lear nuclei, can affect vertical conjugate gaze (Christoff, 1974).
Dorsally positioned, small infarctive lesions affecting the rostral
interstitial nucleus or its efferent fibers in the posterior commis-
sure can produce Parinaud’s syndrome or loss of upward conju-
gate gaze (Pierrot-Deseilligny et al., 1982), whereas more ventrally
placed lesions that spare the posterior commissure can produce a
downward conjugate gaze palsy (Jacobs et al., 1973). Larger lesions
in this region result in complete vertical gaze palsy (Pierrot-Deseil-
ligny et al., 1982). Because of the interaction between sides, even
unilateral lesions involving the rostral interstitial nucleus can result
in a bidirectional (vertical) gaze paresis (Ranalli et al., 1988).

POSTERIOR COMMISSURE (PoCom)

Fibers from the pretectal nuclei and the accessory optic nuclei de-
cussate through the posterior commissure (PoCom) of the thal-
amus. These include fibers from those portions of the pretectal
nuclei involved in the pupillary light reflex that are crossing to in-
nervate the contralateral Edinger-Westphal nucleus.

CLINICAL DISCUSSION: Damage to the posterior commissure
and its surrounding nuclei can interrupt conjugate vertical gaze,
particularly upward gaze (Christoft, 1974).
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RADIATIONS OF THE OCULOMOTOR NERVE
(Oc¢Nr)

Axons of the oculomotor neurons (OcNr) leave the nucleus in
a series of fascicles fanning out in an inferolateral direction and
passing through the red nucleus, forming the radiations of the oc-
ulomotor nerve. These fibers coalesce into a unified bundle on the
edge of the interpeduncular fossa and leave the brain stem along
the medial aspect of the cerebral peduncle (Figure 7-2). The axons
in each fascicle innervate a specific muscle in the orbit. An orderly
arrangement of fascicles for each of the extraocular eye muscles
(Castro et al., 1990) has been reported (Figure 7-2). From medial to
lateral the representation is as follows: inferior rectus, medial rec-
tus, superior rectus, and inferior oblique. The fascicle for the leva-
tor palpebrae is located in close association with that for the medial
rectus, whereas the axons of general visceral efferent neurons form
a separate fascicle that courses on the extreme medial border of the
oculomotor radiations.

CLINICAL DISCUSSION: Complete section of the oculomotor
radiations is similar to destruction of the nucleus; the globe is ab-

ducted and slightly depressed, and the pupil is dilated and nonreac-
tive to light. Small infarctions in the ventral midbrain can damage
a limited number of third-nerve radiations. A specific lesion of the
fascicles to the inferior oblique muscle, the lateralmost fascicle, has
been reported (Castro et al., 1990). Axons for the visceral motor
component run separated from, and medial to, the general somatic
component. Thus, they can be spared in small lesions of the mid-
brain tegmentum, producing a paresis of the globe in the presence
of a reactive pupil. In such cases, the patient presents with a third
nerve palsy, but with functioning pupils (Keane, 1988).

RED NUCLEUS (RuNu)

A large spherical mass of cells in the ventral midbrain forms the
red nucleus (RuNu). Afferent fibers to this structure arrive from
the cerebral cortex and dentate nucleus of the cerebellum. Two ma-
jor projections arise from the red nucleus. The rubrospinal tract
innervates the ventral and intermediate horns of the contralater-
al spinal cord. This pathway and the corticospinal tract form the
descending output of the lateral motor system. The rubro-olivary
tract connects the red nucleus with the inferior olive of the medul-

PUL

Pupillary
Reflex
Circuitry

PreTec

EdWestMu

Efferent fibers
to ciliary ganglion

Figure 7-3. This diagram of the pretectal nuclei illustrates their role in the pupillary

light reflex.
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la. This tract is part of a feedback circuit passing from the cerebel-
lum to red nucleus, inferior olive, and back to the cerebellum. The
integrity of this circuit, although unnecessary for executing estab-
lished motor patterns, is necessary for learning new motor patterns
(Thach et al., 1992).

The red nucleus lies in a dense nest of fiber tracts entering the thal-
amus. Laterally, it is closely surrounded by the dentothalamic tract
(superior cerebellar peduncle) as it passes from the decussation of
the SCP to the thalamus. Rostrally, the border of the red nucleus
is in close juxtaposition with the pallidothalamic tract extending
from the globus pallidus to the thalamus. Lesions in the vicinity
of the red nucleus can infringe on these tracts, both of which are
related to the function of the motor system.

The influence of the red nucleus on motor behavior in humans has
long been questioned. Recently, it has been postulated that this
nucleus and its tract (rubrospinal) are activated when automated
movements are being executed, whereas the corticospinal tract is
involved with nonautomated movements (Kennedy, 1990).

CLINICAL DISCUSSION: The clinical significance of damage to
the red nucleus in humans is questionable. Most likely, the rubral
deficits are masked by the other component of the lateral motor
system, the corticospinal tract. Lesions in the area of the red nucle-
us can present with limb tremor, hypokinesia, and ataxia. However,
these clinical signs are most likely due to damage to the surround-
ing dentothalamic tract and pallidothalamic fibers rather than an
expression of rubral dysfunction (see Chaps. 6 and 11).

DENTOTHALAMIC TRACT OR CEREBELLOTHA-
LAMIC TRACTS (CThT)

After its decussation, the superior cerebellar peduncle, containing

the dentothalamic tract, passes laterally around the red nucleus
and ascends into the thalamus. Between the decussation and the
thalamus, these axons are also referred to as the cerebellothalamic
tract (CThT). Fibers from the dentate nucleus terminate in the con-
tralateral ventrolateral thalamic nucleus. As the tract approaches
the thalamus, it joins other fibers to form the thalamic fasciculus
(ThFas, Plate 22).

CLINICAL DISCUSSION: Section of the superior cerebellar pe-
duncle presents with limb tremor, hypokinesia, and ataxia (see
Chapter 6). The clinical signs, resulting from section of the dento-
thalamic fibers superior to their decussation in the midbrain, pres-
ent on the contralateral side.

Review Structures From Preceding Plates
Identify the following structures from previous sections:

o Brachium of the inferior colliculus (IC, Br)

o  Substantia nigra (SN)

o Ventral tegmental area (VTA)

o Central gray (CeGy)

o  Medial lemniscus (ML)

o Anterolateral system (ALS)

o Ventral trigeminothalamic tract (VI'Tr)

o Dorsal trigeminothalamic tract (DTTR)

o Dorsal longitudinal fasciculus (DLF)

o Medial longitudinal fasciculus (MLF)

o Central tegmental tract (CIT)

e  Midbrain reticular formation (MidRetF)

e  Crus cerebri (CC)

»  Rostral interstitial nucleus of the medial longitudinal fas-
ciculus (RINMLF)
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Case Study 7-2

Chief Complaint
A 79-year-old, right-handed, retired business executive was brought to his general practitioner’s office by his son after
suffering a momentary loss of consciousness followed by the onset of double vision and a tremor in his left arm.

History of Chief Complaint

He complained of frequent dizzy periods over the last 5 days.

Past Medical History

He had been married for 40 years; his wife had died 5 years earlier. He had been an executive for a large firm. After
retirement he had been active socially and played sports. His past medical history was positive for rheumatic fever at
age 6. For the past 5 months he had been experiencing periods of dizziness and fatigue. He had a 30-pack-year history
of smoking but quit completely 3 years prior. He drank 2 to 3 ounces of alcohol socially per week.

General Physical Examination

He was alert and oriented, well nourished, and of average weight; he appeared his stated age. The patient frequently
had to cover his right eye with his hand in order to move about the room. Optic discs were clear with sharp borders.
External auditory canals were patent. His neck was supple and there were no bruits over the carotid arteries. His larynx
and pharynx were non-reddened. His chest was clear to auscultation and percussion; abdomen was soft without rigid-
ity, tenderness, or organomegaly. Heart rate was irregularly irregular. Peripheral pulses were intact; a pulse deficit was
present, with the auscultated apical rate exceeding the radial pulse rate. Blood pressure was 135/93, temperature was
37°C, and respirations were 16/min. No cervical, axillary, or inguinal lymphadenopathy was present.

Neurologic Examination

Mental Status. The patient was alert and oriented to time and place with memory and knowledge appropriate for his
age. He was articulate in speech and had good comprehension of spoken and written language. He gave a comprehen-
sive history.

Cranial Nerves. On forward gaze, with the lid forcibly elevated, the right eye had an external strabismus; on attempted
left lateral gaze, the right eye drifted toward the midline. The right pupil was larger than the left. The right pupil was
unresponsive to light shined in either eye; the left pupil was responsive to direct and consensual light. The right eyelid
elevated 4 mm, whereas the left elevated 13 mm on forward gaze. With the right eyelid forcibly elevated, its visual field
was full to confrontation. The visual field in the left eye was also full. The patient noted diplopia on attempted forward
gaze. The diplopia was absent with the right eye covered and exacerbated when the right eyelid was fully elevated.
Hearing was normal in both ears. He had a full range of facial expressions. Jaw-jerk and corneal reflexes were normal;
the palate was elevated on the midline; gag reflex was normal, and tongue protruded on the midline.

Motor Exam. Strength was slightly diminished in the left limbs; deep tendon reflexes were +2/4 on the right and +3/4
on the left. Babinski response was equivocal on the left and not present on the right. A tremor of intent was present
in the left arm. Finger-to-nose testing was normal on the right, but he was slightly off target when using the left upper
limb. The left arm and hand displayed an occasional jerky movement that the patient could not suppress.

Sensory Exam. Pinprick and temperature sensation were normal throughout body and face; position sense and vibra-
tory sensation on the left side of his body was diminished. This sensory loss was more noticeable in the upper than in
the lower extremity.

Follow up

Upon examination 3 months following hospital discharge, the patient had normal gross motor strength with +2/4 deep
tendon reflexes about the elbow, wrist, knee and ankle bilaterally. Movements of the left extremities were smooth and
steady with no indication of past-pointing remaining. Position and vibratory senses were normal in all extremities on
the right and the lower extremity on the left. He continued to experience a diminution of position and vibratory senses
in the left upper extremity. He could move his right eye into all four quadrants but complained of a mild diplopia and
demonstrated a slight external strabismus at rest.
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QUESTIONS

1. Has the patient experienced any changes in consciousness or cognition, language function or spatial recogni-
tion, personality or emotional behavior, or any loss in memory?

2. Does the patient exhibit any loss of vision and if so, where in the visual field is the loss? Are there any visual
hallucinations present in this patient?

3. Are there any changes in cranial nerve function and if so, are they signs of suprasegmental or segmental level
defects?

4.  Are there any changes in motor function such as reflexes, muscle tone, movement, or coordination and if so,
are they signs of suprasegmental or segmental level defects?

5.  Are there any changes in sensory function and if so, what levels of the body have experienced this change?

6. What is the clinical temporal profile of this patient’s neurologic problem: is the onset of neurologic findings
acute or insidious, is the course of the neurologic disease chronically progressive, fluctuant or stable?

7. Based on the presenting signs and symptoms, do you think the distribution of the neurologic pathology is
focal, multifocal or diffuse?

8. Based on the answers to these questions, what is the origin of this patient’s pathology?

9. If the origin is vascular, what arterial supply is involved with the lesion in this patient?
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» DISCUSSION II

Midbrain Vasculature

The vasculature of the midbrain is relatively complex (Figure 7-4).
The basilar artery and its two terminal branches, the posterior ce-
rebral arteries, contribute many penetrating and circumferential
branches. In addition, the midbrain is the only portion of the brain
stem distal to the thalamus to receive arteries from the anterior
circulation; the anterior choroidal arteries accomplish this task.

Posterior Circulation

The basilar artery divides at its rostral end to form the two pos-
terior cerebral arteries; this occurs in the cisternal space ventral
to the midbrain. Short, anteromedial branches from the top of the
basilar artery and from the proximal segment of the two posterior
cerebral arteries supply the median zone to the midbrain. This tuft
of vessels, which can arise from a common stem, extends rostral-
ly, giving rise to the thalamic paramedian arteries supplying the
medial nuclei of the thalamus, subthalamus, and hypothalamus. If
considered all together, the arterial branches at the top of the bas-
ilar and proximal posterior cerebral arteries supply a central zone
in the midbrain and thalamus (see Plates 19 to 25) and are respon-
sible for the paramedian syndrome of the mesencephalic-thalamic
border (Castaigne et al., 1981). Specific midbrain areas serviced by
the paramedian branches are the interpeduncular nucleus, red nu-
cleus, decussation of the superior cerebellar peduncle, oculomotor
nucleus and its associated structures, and the ventral portion of the
central gray.

Two groups of long, circumferential branches from the basilar ar-
tery wrap around the brain stem to reach the colliculi (Figure 7-4).
The caudal group contains the superior cerebellar arteries (SCA in
Figure 7-4), which give off only a few branches to the midbrain
until reaching the colliculi. The rostral group contains the collic-
ular arteries (CA in Figure 7-4). Penetrating branches from the
collicular arteries service the cerebral peduncles, substantia nigra,
medial lemniscus, and dentothalamic tract. The distal twigs of the
collicular arteries reach around the lateral and posterior aspect of
the brain stem to end in the superior and inferior colliculi.

The posteromedial choroidal arteries (PMChA in Figure 7-4)
branch off the proximal segment of the posterior cerebral artery,
turn posteriorly, and extend around the cerebral peduncles, run-
ning in an arc, parallel but rostral to the collicular arteries. Pen-
etrating branches from posteromedial choroidal arteries perfuse
the cerebral peduncles, substantia nigra, medial lemniscus, and
dentothalamic tract. The distal twigs of these arteries reach around
the posterior aspect of the brain stem to end in the superior and
inferior colliculi.

Anterior Circulation

The anterior choroidal artery (AChA in Figure 7-4) branches off
the proximal segment of the anterior cerebral artery and passes
caudally around the cerebral peduncle, giving off penetrating twigs
as it travels. The anterior choroidal artery courses in an arc paral-

lel to the posteromedial choroidal and collicular arteries. Its pene-
trating branches supply a ventrolateral arc around the brain stem,
including cerebral peduncles, substantia nigra, medial lemniscus,

and dentothalamic tract.

Table 7-1
NEUROLOGIC SIGN ANATOMIC SOURCE
Paramedian Syndrome
Oculomotor palsy Oculomotor nucleus or its
radiations
Vertical gaze palsy Preoculomotor nuclei

Limb ataxia

Dentothalamic fibers

Memory loss Median thalamus
Dementia Median thalamus
Sleep dysfunction Median thalamus

Weber’s syndrome

Oculomotor palsy

Oculomotor nucleus or its
radiations

Spastic paresis

Cerebral peduncle

Akinesia or tremor

Pallidothalamic fibers, sub-
stantia nigra or its tracts

Dystaxia or ataxia

Dentothalamic fibers

Benedict’s Syndrome

Oculomotor palsy

Oculomotor nucleus or its
radiations

Dskinesia

Pallidothalamic fibers, sub-
stantia nigra or its tracts

Parinaud’s Syndrome

Upgaze palsy

Preoculomotor system

“Top of the Basilar” Syn-
drome

Oculomotor palsy

Oculomotor nucleus or its
radiations

Vertical gaze palsy

Preoculomotor system

Visual field defects

Optic radiations or visual
(occipital ) cortex

Behavioral dysfunctions

Medial aspect of temporal lobe
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Midbrain Lesion Syndromes Several arterial syndromes can be defined in the midbrain. These

syndromes represent vascular territory damaged by perfusion fail-
Perfusion of the midbrain can be divided into several zones (Du- ure. A pattern exists in their distribution. The paramedian syn-
vernoy, 1978): anterior, lateral, and posterior (see Plates 19 and 20).  drome can occur when the anteromedial penetrating arteries in
Each zone consists of numerous penetrating vessels derived from a the anterior zone are compromised; Weber’s syndrome can occur
group of circumferential arteries. The anterior zone is further par- ~When the anterolateral penetrating branches in the anterior zone

titioned into anteromedial (or medial paramedian) and anterolat- are damaged; Benedict’s syndrome can result when arteries in the
eral (or lateral paramedian) regions. lateral zone of penetrating branches are damaged; and Parinaud’s

Brainstem
Vasculature

Figure 7-4. Diagram illustrating blood supply to midbrain (Modified from Mettler
FA. Neuroanatomy. 2nd ed. St. Louis: CV Mosby, 1942:160)
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syndrome arises from either the penetrating branches of the poste-
rior zone or tumors of the pineal gland.

Paramedian Syndrome

Oculomotor palsy and/or vertical gaze palsy, bilateral limb atax-
ia, and dysmetria are the presenting signs of the paramedian syn-
drome. It can occur due to occlusion of the anteromedial branches
of the basilar or proximal posterior cerebral arteries. In this syn-
drome damage is done to the oculomotor nerve, oculomotor nu-
cleus, rostral interstitial nucleus (vertical gaze center), and decus-
sation of the superior cerebellar peduncle (Table 7-1). Extension of
the ischemic zone can occur into the midline thalamus, resulting in
dementia as well as sleep and memory disturbances (See Chapter
8).

Weber’s Syndrome

Oculomotor palsy and contralateral spastic paralysis are the car-
dinal signs of Weber’s syndromes (Brazis, 1996). Akinesia and
tremor can also be associated, as well as supranuclear palsy of the
facial nerve. Conversely, all sensory systems can be intact in this
syndrome. Damage is done to the roots of the oculomotor nerve,
substantia nigra, and cerebral peduncles (Table 7-1). Anterolater-
al branches of the basilar, posterior cerebral, collicular, or anterior
choroidal arteries can be involved in the genesis of this syndrome.

Benedict’s Syndrome

Ipsilateral oculomotor palsy and contralateral motor dysfunction
(hyperkinesia or akinesia) are the cardinal signs of Benedict’s syn-
drome (Brazis, 1996). Damage is done to the root of the oculomo-
tor nerve, red nucleus, dentothalamic fibers, and substantia nigra
(Table 7-1). Distal tips of the lateral paramedian branches of the
basilar, posterior cerebral, collicular, posteromedial choroidal, or
anterior arteries can also be causal factors.

Parinaud’s Syndrome

Upgaze palsy is the characteristic sign of Parinaud’s or dorsal mid-
brain syndrome (Brazis, 1996). Damage is done to the superior
colliculus and to the area at the rostral end of the medial longitudi-
nal fasciculus. These structures are components of what is termed
the preoculomotor systems (Table 7-1). The type of eye movement
dysfunctions (upgaze palsy) suggests interruption of supranuclear
control on the oculomotor nucleus (Baloh et al., 1985). Causative
factors include the following: occlusion of the collicular or poste-
rior choroidal arteries supplying the tectum, expansion of a pineal
tumor applying pressure to the tectum and underlying tissue, or
giant aneurysm in the posterior cranial fossa (Coppeto and Lessell,
1983).

“Top of the Basilar” Syndrome

The basilar artery is larger in diameter than its two sources, the
vertebral arteries. Emboli that survive the trip upward through
the vertebrals target the top of the basilar, where they can lodge
in and around its bifurcation. Occlusion of the distal (rostral) end
of the basilar artery can infarct the midbrain, portions of the thal-
amus, and medial temporal lobe of the cerebrum (Caplan, 1980).
A complex constellation of neurologic signs and symptoms arises,
as is illustrated in Table 7-1. The major neurologic presentations
resulting from midbrain damage in the “top of the basilar” syn-
drome are disturbances in alertness, behavior, visual fields, and eye
movements, such as oculomotor palsy and vertical gaze palsy, and

the presentation of amnesia (Caplan, 1989). The deficits due to tha-
lamic and cerebral damage will be considered in Chapters 8 and 9.
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Chapter 8
Thalamus

INTRODUCTION

The diencephalon represents the rostral end of the brainstem and is
surrounded by the internal capsule laterally, and the lateral ventri-
cle and corpus callosum superiorly (Figure 8-1). It is divided into
two elongated or egg-shaped hemispheres, which are separated by
the narrow third ventricle. In Figure 8-1 we are looking down on
the thalamus after removing the upper portion of the cerebrum.
The internal capsule can be seen passing lateral to the thalamus,
and the basal ganglia (caudate and putamen) are seen wrapped
around the rostral end of the internal capsule.

Each thalamic hemisphere is partitioned into dorsal and ventral
portions by the hypothalamic sulcus (Figure 7-2). The dorsal thal-
amus is composed of the thalamus proper (usually called the thal-
amus) and epithalamus; the ventral portion is composed of the hy-
pothalamus and subthalamus. The epithalamus forms the roof of
the thalamus and contains two structures: the pineal body and a fi-
ber tract, the stria medullaris which courses along the superomedi-
al border of the thalamus. The nuclei of the thalamus proper form
reciprocal connections with the ipsilateral cerebral cortex, whereas
those of the hypothalamus are involved in regulating endocrine
and autonomic nervous systems. The diencephalon receives its

blood supply from penetrating arteries derived from the Circle of
Willis or its immediate branches.

GENERAL OBJECTIVES

1. To identify the location of major thalamic nuclei and
learn their relationship to the cerebral cortex

2. To identify the major hypothalamic regions and learn
their relationships with the endocrine and autonomic
nervous systems

3. To learn the presenting signs and symptoms consequent
to lesions involving major nuclei and tracts in the thala-
mus, where they are known

4. To apply this knowledge to understanding the clinical
manifestations of major thalamic vascular lesions
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INSTRUCTIONS

In this chapter you will be presented with one or more clinical case
studies. Each study will be followed by a list of questions that can
best be answered by using a knowledge of regional and functional
neuroanatomy and by referring to outside reading material. Fol-
lowing the questions will be a section devoted to structures from a
specific region of the central nervous system. Before you attempt to
answer the questions, compile a list of the patient’s neurologic signs
and symptoms; then examine the structures and their functions
and study their known clinical deficits. After becoming familiar
with the material, reexamine the list of neurologic signs and symp-
toms and answer the questions. Be aware that some of the ques-
tions can have multiple responses or require information beyond
the scope of this manual. It may be necessary to obtain material or
advice from additional resources such as specialty texts, a medical
dictionary, or clinical personnel.

MATERIALS

1. A human brain sectioned on the midsagittal plane

2. A brain stem model with thalamus

3. A medical dictionary

Farnia

Figure 8-1. A horizontal section taken through the thalamus. The cerebral hemisphere is characterized by a gray ribbon of cells
on the outside, an underlying mass of white matter (axons) and a set of deep nuclei, the thalamus and basal (cerebral) ganglia. The
two hemispheres are interconnected by a massive fiber bundle, the corpus callosum, which is seen twice in this section due to its
curved nature. Of the two deep nuclei, the thalamus is closest to the midline and in several places crosses the midline. A well cir-
cumscribed bundle of fibers, the fornix, passes over the thalamus on its way from the temporal lobe to the hypothalamus.
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White matter

Laray matter

Sepium
pellucidum
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Figure 8-2. This is a magnified view of the deep
nuclei in Figure 8-1. The open space is the two
lateral ventricles. The basal ganglia are seen to be
composed of two nuclear masses, the caudate and
the putamen. These two nuclei are separated by
the internal capsule. The caudate protrudes into
the anterior portion of the lateral ventricle creat-
ing an anterior horn (Figure 8-3). The thalamus
is a nuclear mass that protrudes deep into the
ventricular system posteriorly. The corpus callo-
sum is seen on either end of the ventricular sys-
tem. The rostrum (Ros) of the corpus callosum is
positioned anteriorly whilst the splenium (Spl) of
the corpus callosum is positioned posteriorly. The
fornix passes from posterior to anterior, wrapping
over the thalamic hemispheres. Anteriorly, the
fornix is attached to the rostrum of the corpus cal-
losum by the septum pellucidum.

Figure 8-3 This is the same view as above follow-
ing the sectioning and removing the fornix to
demonstrate the two thalamic hemispheres.
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Figure 8-4. This is a sagittal view of the brainstem. The diencephalon is seen as a mass of cells and fibers posi-
tioned superior to the midbrain. The fornix and corpus callosum appear to cap over the diencephalon, which
itself is divided into four parts, the largest is the hemispherical thalamus (dorsal thalamus), which is separated
from the hypothalamus (ventral thalamus) by the hypothalamic sulcus. A thin stria medullaris (arising in the
habenular nucleus) marks the epithalamus. Lastly the subthalamus lies on the border of the midbrain and is
not visible in this section. The massa intermedia (mi) or thalamic adhesion represents a midline fusion of the
thalamic nuclei, it is prsent in about 80% of individuals. The hypothalamus presents a triangular appearance in
the sagittal plane with the anterior commissure (AC), mammillary nuclei (M), and optic chiasm (OpCh) as its
borders. The walls of the third ventricle are represented by the visible surface of the thalamus and hypothala-
mus. The hypothalamic sulcus begins at the foramen of Monro (FoMo) and passes through the third ventri-
cle to enter the cerebral aqueduct. This latter structure connects the third ventricle with the fourth ventricle
underlying the cerebellum.
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Reference List

- Page 156 -



Medical Neuroanatomy Chapter 08

Case Study 8-1

Chief Complaint

A 65-year-old man presented with right-sided hemiparesis, homonymous hemianopsia, dysarthria, and confusion.

History of Chief Complaint

This 65-year-old, right-handed man was brought to the emergency room early in the morning by his family. They com-
plained that he was unable to move his right hand, his speech was slurred, and that he appeared to be confused. He had
been that way since shortly after he awoke that morning.

Medical History

He was in good health until 7 years prior, when he was diagnosed as having hypertension. One year later, he was admit-
ted to the community hospital a day after experiencing a brief episode of quadriparesis, blurred vision, and nausea. At
that time Doppler studies of the carotids were normal, as were lumbar puncture, electroencephalogram, and a comput-
ed tomographic (CT) scan. Diabetes was detected and he was consequently given a regimen of insulin and discharged.
During the next 4 years, no known transient ischemic episodes occurred. The day prior to his most current admission,
he had complained of intermittent weakness in his right hand.

Family History
At the time of admission he was married, retired from military service, and had two children, both of whom were mar-
ried. His father had had hypertension and died at 55 of coronary artery disease; his mother was still living.

General Physical Examination

He was a stable, well-hydrated, well-nourished man in no acute distress who appeared his stated age. Funduscopic
examination revealed arterial-venous nicking without hemorrhage or papilledema. His heartbeat was regular without
murmurs or gallops. Blood pressure was 180/100. Respiration and pulse were normal. Lungs were clear to auscultation.
Abdomen was soft without masses. Skin was of good texture and temperature. Several small areas of active keratosis on
the right posterior scalp were evident.

Neurologic Examination

Mental Status. He was awake and alert, but disoriented with respect to time, place, and personal information, relying
on his family members to supply much of the history. He had impaired recent memory and fund of knowledge. (He
said Kennedy was the current US President.) He confused the left and right sides of his body. His speech was poorly
articulated and perseverative; he used word substitutions and mispronounced words frequently; however, he had nor-
mal repetition of speech.

Cranial Nerves. He had a full range of eye movements. There was a right homonymous hemianopsia present. Pupils
were symmetric and bilaterally responsive to light, both direct and consensual. Hearing was normal in both ears.
Corneal, jaw-jerk, and gag reflexes were intact. His face was asymmetric on spontaneous emotional expression (e.g.,
smiling) but not on voluntary movement (right “emotional” facial paralysis). Discriminative touch was intact across
his face, bilaterally. The uvula was elevated on the midline; the tongue protruded on the midline. Shoulder shrug was
symmetric.

Motor Systems. Strength in the limbs was +5/5 in the left arm and leg, +3/5 in the right arm, and +4/5 in the right
leg. Deep tendon reflexes were elevated in the right arm more than the right leg; they were physiologic on the left. A
Babinski sign was noted on the right.

Sensation. Pain, light touch, and vibration sense were normal, but discriminative touch and proprioception were im-
paired in the right hand.

Follow-up

Reexamination at two months after his initial presentation found an alert but very confused gentleman with poor ori-
entation for person, place and time. He had to be continually reminded of why he was being examined. His language
remained poorly articulated and perseverative; however, there was some improvement in meaning since his last visit.
He could smile on command and also smiled with emotional stimuli. The weakness in his right arm and leg had par-
tially resolved; however, the deep tendon reflexes in these extremities remained elevated.
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QUESTIONS

1. Has the patient experienced any changes in consciousness or cognition, language function or spatial recogni-
tion, personality or emotional behavior, or any loss in memory?

2. Does the patient exhibit any loss of vision and if so, where in the visual field is the loss? Are there any visual
hallucinations present in this patient?

3. Are there any changes in cranial nerve function and if so, are they signs of suprasegmental or segmental level
defects?

4.  Are there any changes in motor function such as reflexes, muscle tone, movement, or coordination and if so,
are they signs of suprasegmental or segmental level defects?

5. Are there any changes in sensory function and if so, what levels of the body have experienced this change?

6. What is the clinical temporal profile of this patient’s neurologic problem: is the onset of neurologic findings
acute or insidious, is the course of the neurologic disease chronically progressive, fluctuant or stable?

7. Based on the presenting signs and symptoms, do you think the distribution of the neurologic pathology is
focal, multifocal or diffuse?

8. Based on the answers to these questions develop a differential diagnosis of the patient’s neurological problem?

9. If the origin of the pathology is vascular, what arterial supply is most likely involved with the lesion in this
patient?

Case Study 8-2

Chief Complaint
A 47-year-old, left-handed man status post MI was admitted to the hospital with a primary complaint of chest pain and
shortness of breath of 3 weeks duration. He also complained of a progressive narrowing of his visual fields.

History of Chief Complaint
His chest pain, which had been relieved after his documented MI 6 months ago, had begun to return. It was accompa-
nied by dyspnea that worsened on exertion.

Medical History

Since childhood he had consumed at least a gallon of water a day and had had thirst, polyuria, and nocturia. Having
grown up with these symptoms, he had considered them normal. He had a long history of behavioral dysfunction that
included rage and anger inappropriate for the situation. He had a recent history of angina on exertion, and electrocar-
diographic analysis 6 months ago documented an acute myocardial infarct.

Family History

At the time of admission he was not married, lived alone, and admitted to having very little libido throughout his life.
His mother, father, and two siblings were alive and in good health. No one else in his family had exhibited his chief
complaints.

General Physical Examination

He appeared to be a well-hydrated, well-nourished man, alert but with an anxious demeanor. He appeared his stated
age. He weighed 240 pounds and his height was 66 inches. His head was normocephalic. Fundoscopic examination
revealed a normal cup-to-disc ratio; soft cotton wool patches were noted two disc spaces from the disc in the superior
temporal retina bilaterally; no aneurysms, hemorrhages, or papilledema was evident. His heartbeat was regular without
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gallops or thrills; an S2 systolic murmur was noted at the left sternal border. The apical beat was displaced to the left.
Abdominojugular reflux was noted on application of abdominal pressure. Respiration was labored, breath sounds were
decreased; crackles and wheezes were heard at the bases of the lungs on auscultation. The abdomen was soft, without
masses or tenderness. Temperature was elevated at 37.5°C and oscillated between 37.3°C and 37.9°C over a 24-hour
period. Skin was moist with good texture and turgor. Pretibial edema (+2) was present in the lower extremity.

Neurologic Examination

Mental Status. The patient was awake and oriented for time and place; memory and knowledge were appropriate for his
education. His speech was articulate and meaningful. Although he was cooperative most of the time, he experienced
bouts of rage, where he yelled at the attending staft and physician.

Cranial Nerves. He had a full range of eye movements. Visual acuity was normal in the center of his fields but dimin-
ished rapidly to the sides; vision in the temporal fields was absent altogether. Corneal, jaw-jerk, and gag reflexes were
intact. His face was symmetric, with normal expression of emotion. Hearing was diminished in the right ear more
than in the left. Uvula and palate were symmetric and elevated on the midline; the tongue protruded on the midline.
Shoulder shrug was symmetric.

Motor Systems. Gross motor strength was equal in upper and lower extremities; deep tendon reflexes were 2/4 and
equal in upper and lower extremities. Babinski response was physiologic, with no muscular atrophy or hypertrophy.

No drift or involuntary motion was detected.

Sensation. There was no loss of vibration or proprioceptive sense, and no loss of pain or thermal sense was evident.

Follow-up

During his hospital admission, marked thirst and daily intake of 4000 to 17,000 mL of fluid were noted. Urine outputs
of 3500 to 18,000 mL daily were recorded. The specific gravity of his urine was always below 1.005. One month after
admission, the patient died of congestive heart failure.

QUESTIONS

1. Has the patient experienced any changes in consciousness or cognition, language function or spatial recogni-
tion, personality or emotional behavior, or any loss in memory?

2. Does the patient exhibit any loss of vision and if so, where in the visual field is the loss? Are there any visual
hallucinations present in this patient?

3. Are there any changes in cranial nerve function and if so, are they signs of suprasegmental or segmental level
defects?

4. Are there any changes in motor function such as reflexes, muscle tone, movement, or coordination and if so,
are they signs of suprasegmental or segmental level defects?

5.  Are there any changes in sensory function and if so, what levels of the body have experienced this change?

6. What is the clinical temporal profile of this patient’s neurologic problem: is the onset of neurologic findings
acute or insidious, is the course of the neurologic disease chronically progressive, fluctuant or stable?

7. Based on the presenting signs and symptoms, do you think the distribution of the neurologic pathology is
focal, multifocal or diffuse?

8. Based on the answers to these questions develop a differential diagnosis of the patient’s neurological problem?

9. If the origin of the pathology is vascular, what arterial supply is most likely involved with the lesion in this
patient?
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» DISCUSSION |

Thalamic Structures

The medulla, pons, and midbrain are derived embryologically from
the alar and basal plates of the neural tube. This pattern chang-
es in the diencephalon. The dorsal thalamus (or thalamus prop-
er) arises from the alar plate; the basal plate plays a much smaller
role, giving rise to portions of the ventral thalamus only. The dor-
sal thalamus has extensive connections with the overlying mantle
of neocortex, whereas the ventral thalamus is related through its
connections with the older portions of the cerebral cortex, such as
the allocortex, as well as with the brain stem and spinal cord. The
alteration in embryogeny along with the changes in connectivity
contributes to a substantially different organizational pattern for
the diencephalon than that present throughout the more caudal
portions of the brain stem. Finally, the dorsal thalamus is deeply
involved in our neosensory, motor and cognitive processes, whilst
the ventral thalamus or hypothalamus is involved in our emotional
and motive-driven behavior.

Gross Anatomic Organization

If all telencephalic structures of the forebrain were removed, the
diencephalon would appear as two large, egg-shaped masses at the
rostral end of the brain stem. A horizontal section passing through
the lateral ventricles superior to the diencephalon illustrates its
position between the fiber bundles of the internal capsule (Figure
8-1). The anterior limb of the internal capsule separates caudate
from putamen (portions of the basal ganglia; see Chap. 11); the
posterior limb of the internal capsule separates the putamen lat-
erally from the diencephalon medially. A strand of choroid plexus
lies along the dorsal surface of the diencephalon. The narrow third
ventricle separates the two diencephalic hemispheres.

The diencephalon is divided into two major regions by the hypo-
thalamic sulcus (Figure 8-4), each with separate functions. Its dor-
sal portion is intimately related through reciprocal connections to
neocortex, modulating both the information traveling to, and the
levels of neuronal activity in, the cerebral cortex. The ventral por-
tion of the thalamus integrates sensory information from external
and internal environments and regulates visceral and emotional
behaviors through control over the autonomic nervous system via
the brain stem and spinal cord, as well as its control over the endo-
crine system via the pituitary gland.

Most of the connections between the dorsal thalamus and the cere-
bral cortex pass through the internal capsule. In general these con-
nections are reciprocal, that is, the thalamic nuclei project axons to
specific cerebral cortical areas and, in turn, the cortical areas proj-
ect axons down through the internal capsule to specific thalamic
nuclei. The connections of the hypothalamus are organized in a
very different pattern. Axonal connections between the cerebral
cortex and the hypothalamus mainly pass through an older fiber
tract termed the median forebrain bundle. As such, these connec-
tions lack the specificity seen in the thalamocortical projections
arising in the dorsal thalmus. The hypothalamus also has a sig-

nificant output ventrally into the pituitary controlling much of the
endocrine system of the body. This pathway involves the median
eminence on the floor of the third ventricle, the hypothalamic stalk
and the pituitary gland (Figure 8-5).

Internal Structure

The dorsal thalamus can be divided into two regions: epithalamus
and thalamus proper (usually called thalamus). The epithalamus
contains a nuclear group, the habenular nuclei, and a fiber tract,
the stria medullaris (Figure 8-6), which courses along the medi-
al border of the thalamus. The epithalamic structures have major
connections to the limbic system (see Chap. 10).

The thalamus proper is divided into several groups of nuclei sep-
arated by thin bands of fibers and cells called medullary laminae.
Four major groups of thalamic nuclei are recognized: anterior, me-
dial, ventral, and lateral-posterior (Figure 8-6). These groups are
separated from each other by the internal medullary lamina. An
external medullary lamina surrounds the entire mass, to the out-
side of which lies the thalamic reticular nucleus (see Plates 21 to
25). Within each of the major groups several individual nuclei ex-
ist, each nucleus being mapped to a specific region of the ipsilateral
neocortex (Table 8-1) through reciprocal connections.

The ventral thalamus is also divided into two regions: subthalamus
and hypothalamus. The subthalamus forms the border between the
diencephalon and midbrain, located very close to the substantia
nigra. It is involved in regulating motor activity and is connected
to the basal ganglia while the hypothalamus is positioned directly
under the thalamus and is a major controlling region for the auto-
nomic nervous system.

The hypothalamus is separated from the thalamus proper by the
hypothalamic sulcus; this appears as a narrow, curved groove pass-
ing ventrally around the massa intermedia (mi) on Figure 8-4). The
rostral border of the hypothalamus is the lamina terminalis, which
stretches between the optic chiasm (OpCh in Figure 8-4) and a
large fiber bundle called the anterior commissure (AC in Figure
8-4). The lateral borders of the hypothalamus are formed by the
optic tract and cerebral peduncle; caudally, the hypothalamus ends
with the mammillary bodies (M in Figure 8-4). The ventral surface
of the hypothalamus is raised into a ventrally directed dome called
the median eminence. At the center of this eminence is the infun-
dibulum, or stalk, of the pituitary.

Within the hypothalamus are several diffuse nuclei whose con-
nections pass through three large fiber bundles: the mammillo-
thalamic fasciculus, the fornix, and the median forebrain bundle.
The hypothalamus receives projections from the spinal cord, brain
stem, and the older portions of forebrain: the hippocampus and
amygdala. Through its projections to the autonomic nuclei of the
brain stem and spinal cord and its connections to the pituitary via

- Page 160 -



Medical Neuroanatomy

Chapter 08

the median eminence and infundibulum, the hypothalamus exerts
control over visceral and emotional behavior.

The nuclei and tracts of the thalamus and hypothalamus are packed
closely together. This presents two major problems when studying
the deficits consequent to thalamic infarctions: (1) Even small le-
sions can damage multiple thalamic structures, presenting with a
varied mixture of clinical signs and symptoms, many of which are
similar to those seen in much larger lesions of the cerebral cor-
tex. (2) In addition, the thalamocortical and corticothalamic fibers
pass across the medial to lateral axis of the thalamus going to or
from the internal capsule; small lesions in the lateral portions of
thalamus can damage lateral nuclei as well as the axons of more
medially placed nuclei. Again, the resulting clinical presentation
can be quite complex. This is further emphasized by studies of ce-
rebral metabolism consequent to thalamic lesions (Szelies et al.,
1991). Even small lesions in specific areas of thalamus are capable
of significantly decreasing cortical metabolism, as observed by us-
ing positron emission tomography to image the uptake of a labeled
isotope of glucose. Thus it is difficult to ascertain whether the pa-
tient’s presenting signs are due to the small thalamic lesion or to a

Table 8-1

Thalamic nuclei

Cortical target

Anterior nuclei

Cingulate gyrus

Medial nuclei

Prefrontal lobe

Ventral nuclei

Parietal and frontal gyri

Lateral nuclei

Parietal, occipital & temporal

gyri
Lateral geniculate nucleus Occipital gyri
Medial geniculate nucleus Temporal gyri

more global shutdown of cerebral cortex.

Bearing these caveats in mind as well as the warnings concerning
the use of the lesion method in human neuroanatomy (Damasio
and Damasio, 1989), it is possible to glean information on thalamic
structure and function from the clinical literature on intracerebral

i"-c'l edian

SITINnence

Figure 8.5: A lateral oblique view of the hypothalamus and infundibular stalk. The brain was sectioned on the

midline while still in the cranium and the right cerebral hemisphere has been removed to expose the hypothal-
amus and infundibular stalk. The median eminence is the thickening in the hypothalamus on the floor of the

third ventricle.
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infarctions. Recent studies employing magnetic resonance imag-
ing (MRI) and CT scanning have attempted to identify complex-
es of neurologic signs and symptoms that occur with damage to
specific vessels supplying the diencephalon (Bogousslavsky et al.,
1988;Kawahara et al., 1986;Graft-Radford et al., 1984;Castaigne et
al., 1981;Walshe et al., 1977). Although there are signs and symp-
toms that can be associated with specific vascular territories, only
a few can be associated with specific thalamic nuclei or fiber tracts.
Where they are known, an attempt will be made to include rele-
vant comments on deficits of each thalamic nucleus or structure.
A summary of vascular territories and the neurologic sequelae as-
sociated with damage in these territories will be included with the
section on blood supply.

Atlas Plate 20

Go to the Atlas

The dorsal portion of this section passes through the caudal thal-
amus; the ventral portion passes through the midbrain and an ex-
treme rostral edge of the pons. The pontine and midbrain structures
were discussed in Chapters 4 and 6, respectively. Characteristic of
sections through the caudal thalamus is the large, pillowlike profile
of the dorsally positioned pulvinar, a thalamic nucleus.

PINEAL

The pineal gland lies in a matrix of arachnoid tissue, straddling the
caudal end of the third ventricle between the two masses of the
pulvinar. It is also directly anteroinferior to the great vein of Galen.
Rostrally, it is attached to the habenular nucleus of the thalamus
by two peduncles, or stalks; caudally, the body of the pineal over-
lies the superior colliculus. The gland is composed of pinealocytes
supported by a meshwork of neuroglia and is involved in the pro-
duction of melatonin.

Although the pineal gland is not directly connected to the central
nervous system by fiber tracts, it does receive sympathetic auto-
nomic innervation from the hypothalamus via thoracic spinal
cord and superior cervical ganglion. The portion of the hypothal-
amus involved in this circuit receives projections from the retina.
The pineal nerves, which hitchhike on the internal carotid and its
branches, are called the nervi conarii (Erlich and Apuzzo, 1985),
in reference to the original name for the pineal, konareion (“cone-

shaped”). Through this innervation the pineal receives a signal
indicating the presence or absence of light. Sympathetic output is
stimulated by darkness and increases the production and release
of melatonin from the gland. This mechanism allows the pineal,
through its periodic release of melatonin, to act as a circadian clock
(Erlich and Apuzzo, 1985).

Melatonin has been demonstrated to have an antigonadotrophic
effect. In humans, circulating levels of melatonin fall with puberty.
This hormone is also suspected of influencing the activity of the
thyroid and adrenal glands, but the mechanism appears quite com-
plex (Erlich and Apuzzo, 1985). A link between pineal dysfunction,
abnormal secretion of corticotropin, and major depressive disor-
ders has also been proposed (Wetterberg, 1983).

CLINICAL DISCUSSION: Removal of the pineal gland is compat-
ible with human life; however, its removal in prepubescent males
can result in precocious puberty. The major neurologic significance
of the pineal arises when tumors cause expansion of the gland and
compression of the tectal plate and underlying midbrain tegmen-
tum. This presents as loss of conjugate vision and vertical gaze pa-
resis (Parinaud syndrome; see Chap. 7). Low levels of melatonin,
measured nocturnally, were found in patients suffering from Cush-
ing disease and from major depressive disorders. In manic-depres-
sive patients who were supersensitive to light, higher than normal
amounts of melatonin have been reported to be present (Wetter-
berg, 1983). These observations point to a relationship between
melatonin and the release of corticotrophin-releasing factor that
can significantly influence endocrinologic and neuropsychological
activity.

PULVINAR NUCLEUS (PulNu)

The pulvinar nucleus (PulNu) is the largest of the thalamic nu-
clei. It is associated with the lateral posterior nucleus in the caudal
portion of the thalamus and has reciprocal connections with areas
of cerebral cortex located around the parieto-occipito-temporal
junction, called the posterior parietal association cortex. It also has
well-developed connections with portions of the occipital cortex.

The pulvinar contains representations of the contralateral visu-
al hemispheres; thus, the nucleus is considered part of the extra-
geniculate visual system in the thalamus, even though it does not
receive direct projections from the retina (Ohye, 1990). It has been
suggested that the pulvinar is involved in providing the appropriate
amount of cortical attention for language-related tasks on the dom-
inant side and for mechanicospatial tasks on the nondominant side
of the brain (Masdeu and Brazis, 1996).

CLINICAL DISCUSSION: Deficits expressed following lesions in
the vicinity of the lateroposterior/pulvinar complex show a strong
preference for laterality. Small hemorrhagic lesions on the non-
dominant side present with disturbances of topographic memory,
constructional apraxia (Kawahara et al., 1986;Masdeu and Brazis,
1996), and visual neglect (Masdeu and Brazis, 1996). Lesions on
the dominant side present with a speech deficit called thalamic
aphasia; it is similar in composition to a mixed transcortical apha-
sia (Kawahara et al., 1986;Masdeu and Brazis, 1996).
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LATERAL GENICULATE NUCLEUS (LGNU)

The thalamic relay for the visual system is the lateral geniculate
nucleus (LGNu). It consists of multiple layers of cells and fibers
wrapped in a dense capsule of efferent axons called the optic radi-
ations. The major afferent projections to the lateral geniculate arise
from retinal ganglion cells via the optic nerve and tract. In addi-
tion, the nucleus receives projections from the occipital (visual)
cortex via the internal capsule. Since the lateral geniculate is dis-
tal to the optic chiasm in the ascending visual pathway, it contains
a representation of contralateral visual space (Barr and Kiernan,
1993). The superior portion of the retina is represented in the su-
peromedial part of the geniculate; the inferior portion of the retina
is represented in the inferolateral part of the nucleus.

CLINICAL DISCUSSION: Destruction of the lateral geniculate,
optic tract, or optic radiations results in the loss of the contralat-
eral visual hemisphere, called hemianopsia. Complete destruction
of the nucleus results in dense hemianopsia without the macular
sparing that is seen even in large lesions of visual cortex (Barr and
Kiernan, 1993).

The anterior choroidal artery supplies portions of the lateral genic-
ulate nucleus. Occlusion of this artery can result in contralateral
loss of the superior and inferior visual fields with sparing of a nar-
row, horizontal, central stripe (Masdeu, 1996a). The reduction of
the visual field into a horizontal visual stripe is pathognomonic for

lesions of the lateral geniculate.

OPTIC RADIATIONS (OpRad)

The thalamocortical axons from the lateral geniculate form a dense
capsule of fibers as they leave the nucleus. Once in the posterior
limb of the internal capsule they pass first superiorly and then pos-
teriorly around the inferior horn of the lateral ventricle en route to
the occipital (visual) cortex.

The curved pathway of the optic radiations (OpRad) is referred to
as Meyer’s loop. The fibers representing the superior visual fields
pass into the temporal lobe, whereas those representing the inferi-
or visual fields pass deep to the parietal lobe.

CLINICAL DISCUSSION: After leaving the area of the nucleus, the
optic radiations fan out to sweep around the border of the temporal
and parietal lobes. Here it is possible to achieve partial lesions of
the tract. Such lesions present as quadrantanopsia, or “visual field
cuts,” in the contralateral visual hemisphere (Barr and Kiernan,
1993). Loss in the superior visual field therefore suggests damage
to the temporal lobe or inferior lip of calcarine cortex; loss in the
inferior visual field suggests damage to the parietal lobe (Masdeu,
1996a). Complete section of the optic radiations should be similar
to a lesion of the lateral geniculate: loss of vision from the contra-
lateral hemisphere, or hemianopsia.

Midline rec. group

IML

MGN

Anterior nuc. group

A

L

Figure 8-6. View of the thalamus partitioned into its nuclear groups. The internal medullary lamina forms the boundary separating the
ventral and posterior groups from the medial, lateral, and anterior groups. (DM, dorsomedial nucleus; IML, intramedullary lamina; LD,
lateral dorsal nucleus; LP, lateral posterior nucleus; MGN, medial geniculate nucleus; LGN, lateral geniculate nucleus; VPM ventropos-
teromedial nucleus; VPL, ventroposterolateral nucleus; VA, ventroanterior nucleus; VLS, ventrolateral superior; L, lateral; A, anterior)
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The posterior cerebral artery (PCA) supplies the portion of the
temporal lobe containing Meyer’s loop, thus PCA infarctions can
result in a superior quadrantanopia. Conversely, the middle ce-
rebral artery (MCA) supplies that portion of Meyer’s loop passing
through the parietal lobe. Thus, infarctions of MCA can result in
an inferior quadrantanopia.

MEDIAL GENICULATE NUCLEUS (MGNu)

The medial geniculate nucleus (MGNu) is a complex cluster of cells
on the caudal border of the thalamus, positioned medial to the lat-
eral geniculate (Winer, 1984). The ascending auditory pathways
from the inferior colliculus relay through the medial geniculate
nucleus en route to the ipsilateral cerebral cortex. This nucleus is
located in a fiber capsule on the caudal end of the thalamus, lateral
to the superior colliculus and ventral to the pulvinar. The fiber cap-
sule is composed of ascending afferent fibers from the brachium
of the inferior colliculus and efferent fibers forming the auditory
radiations to temporal (auditory) cortex.

The auditory cortex is not an exclusive target of the medial genicu-
late nucleus; it also has projections to limbic system structures such
as the amygdala. These limbic connections of the thalamic auditory
nuclei have been implicated in the reflex pathways relating acoustic
stimuli to specific autonomic functions such as heart rate (Jarrell
et al., 1986).

CLINICAL DISCUSSION: Very little is written concerning lesions
of the medial geniculate nucleus in humans. Since the auditory sys-
tem has bilateral representation above the trapezoid body, the loss
in hearing after unilateral lesions will not be as profound as that of
visual losses following thalamic lesions. Bilateral lesions of the hu-
man thalamus, which did not appear to involve the cortex, result-
ed in an auditory agnosia for nonverbal sounds (Motomura et al.,
1986). However, this defect may result more from cortical hypo-
function resulting from loss of thalamic input than from thalamic
damage. Lesions of the medial geniculate nucleus or its afferent or
efferent fiber systems in cats result in diminished hearing functions
in the contralateral auditory hemisphere (Jenkins and Masterton,
1982).

Atlas Plate 21

Go to the Atlas

The dorsal portion of this section passes through the caudal thal-
amus, above the level of the hypothalamus; the ventral portion
of the section passes through the rostral midbrain. The midbrain
structures on this section have been presented in Chapter 6. A
characteristic feature of this section is the encapsulated lateral ge-
niculate nucleus.

STRIA MEDULLARIS (StMed)

The stria medullaris (StMed) courses from septal nuclei to habenu-
lar nuclei, forming a prominent landmark positioned along the
dorsomedial border of the thalamus (see Plates 21 to 25). It is part
of the pathway for limbic system information moving from the
septal area to the brain stem and spinal cord (see Chap. 9).

HABENULAR NUCLEUS (Hab)

The habenular nucleus (Hab) is located on the dorsomedial bound-
ary of the caudal thalamus. It receives afferent projections from the
septal nuclei via the stria medullaris and projects to the interpedun-
cular nuclei over a descending pathway termed the fasciculus ret-
roflexus or the habenulointerpeduncular tract. Thus, the habenula
forms a relay station in the flow of limbic system information from
the septal area to the brain stem and spinal cord (see Chap. 9).

HABENULOPEDUNCULAR TRACT (HPTr)

Projections from the habenular nucleus reach the interpeduncular
nucleus of the midbrain by passing over the habenulopeduncular
tract (HPTr). This tract is also known as the fasciculus retroflex-
us. The pathway involving the stria medullaris, habenular nuclei,
habenulointerpeduncular tract, and interpeduncular nuclei rep-
resents a route over which olfactory information from the limbic
forebrain can gain access to the nuclei of the brain stem.

VENTROPOSTERIOR NUCLEI (VPL and VPM)

The ventroposterior nuclei (VPL and VPM) are the major somatic
sensory nuclei in the thalamus. They represent an elongated struc-
ture which is tipped onto a diagonal line coursing from superolat-
eral to inferomedial, and is divided into lateral and medial nuclei
(Figure 7-3). The lateral nucleus of this complex receives fibers
from the medial lemniscus (contralateral body representation;
Figure 7-4), whereas the medial portion receives fibers from the
trigeminothalamic tracts (contralateral head representation). The
edges of the nuclei receive fibers from the anterolateral system.

The ventroposterior nuclei project to the ipsilateral somatic sen-
sory cortex of the postcentral gyrus in a topographic manner. The
ventroposterior lateral nucleus (body representation) projects me-
dially; the ventroposterior medial (face representation) projects
laterally, thus establishing the homunculus in somatic sensory
cortex. These two nuclei form an important link in the transfer of
somatic sensory information from spinal cord and brain stem to
the cerebral cortex.

CLINICAL DISCUSSION: Small lesions, restricted to the ventro-
posterior nuclear group, can present with a pure somatic senso-
ry loss from portions of the contralateral face and body (Fisher,
1978;Caplan, 1988). Larger lesions can present with a feeling of
numbness across the contralateral extremities and down the tor-
so, maintaining a sharp demarcation at the midline (Masdeu and
Brazis, 1996). This vertical border of sensory loss along the midline
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is characteristic of lesions in the somatic sensory portion of thal-
amus.

Lesions in the area of the ventroposterior nuclei and pulvinar com-
plex can also present as dysesthesia (Graft-Radford et al., 1984).
Numbness and tingling are perceptions commonly encountered
with lesions of the area of the ventroposterior nuclei (Bogousslavsky
et al., 1988;Caplan, 1988). In cases where large lesions destroy the
ventroanterior and ventrolateral nuclei as well, the dysesthesia can
take the form of severe, burning pain, the Dejerine-Roussy syn-
drome of thalamic pain (Caplan, 1988). The medial and lateral nu-
clei of the ventroposterior complex have different blood supplies.
The medial nucleus (face representation) lies in the midline vas-
cular territory, while the lateral nucleus (body representation) lies
in the posterolateral territory. Consequently, infarctions restricted
to a specific vascular territory can result in sensory dissociation
between the face and body.

MEDIAL LEMNISCUS (ML)

The medial lemniscus (ML) arises in the contralateral dorsal col-

umn nuclei (see Chap. 4). Its fibers represent the sensory modal-
ities of discriminative touch, vibratory sense, and proprioception.
Axons from the medial lemniscus terminate in the ventroposterior
lateral nucleus (Figure 8-7). As it enters the nucleus, the homuncu-
lus (fiber topography) is arranged with its feet positioned laterally
and its arms positioned medially.

CLINICAL DISCUSSION: Damage to the medial lemniscus will
produce hemisensory loss on the contralateral side of the body.
The modalities lost are proprioception, two-point discriminative
touch, and vibratory sense.

CENTROMEDIAN NUCLEUS (CM)

The centromedian nucleus (CM)—a large, spherical mass—is lo-
cated in the posterior portion of the thalamus and is surrounded
by a capsule of fibers called the internal medullary lamina (Fig-
ure 8-6). The centromedian nucleus receives connections from
the forebrain, globus pallidus, ventrolateral thalamic nucleus, and
mesencephalic reticular formation. Its axons project to prefrontal
cortex, ventrolateral nucleus, putamen, and caudate. Most of these

Figure 8-7. Diagram illustrating the major inputs to the ventral group of thalamic nuclei. The thalamic mass is depicted in the same pro-
file as that seen in Figure 8-3. The major input pathways are illustrated with lines and arrows. (AmyNu, amygdaloid nucleus; AnLen, ansa
lenticularis; C, caudal; CThT, cerebellothalamic tract; DM, dorsomedial nucleus; GPj, internal segment of globus pallidus; I, inferior; IC,
internal capsule; InThP, inferior thalamic peduncle; LenFas, lenticular fasciculus; ML, medial lemniscus; R, rostral; S, superior; ThFas,
thalamic fasciculus; VA, ventroanterior nucleus; VL, ventrolateral nucleus; VPL, ventroposterolateral nucleus)
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connections suggest a role for the centromedian nucleus in the mo-
tor system. The input from the midbrain is part of the reticular
activating system and plays a role in preparing the aroused indi-
vidual for making a motor response to a specific sensory stimulus
(Watson et al., 1981).

The exact role played by the centromedian nucleus in thalamic pro-
cessing is not at all clear, and studies in humans using the lesion
method of analysis are confounded by its adjacent structures. The
internal medullary lamina, which surrounds the centromedian nu-
cleus, receives projections from the anterolateral system and from
the midbrain reticular activating system. Lesions in this area of the
thalamus can result in analgesia and a neglect syndrome. However,
it is possible that neither of these two syndromes arises from the
centromedian nucleus but is related instead to its surrounding fiber
systems.

CLINICAL DISCUSSION: Unilateral lesions of the centromedian
nucleus and adjacent internal medullary lamina can cause contra-
lateral thalamic neglect. The patient does not attend to all objects
on the contralateral side of the body and is hypokinetic in both
limbs in response to stimuli from the affected side. However, the
limbs are not paralyzed, since they respond to stimuli from the
ipsilateral side of the body. Bilateral lesions of the centromedian
complex/internal medullary lamina result in bilateral neglect, con-
sidered a form of akinetic mutism (Watson and Heilman, 1979).

Lesions of the area including the centromedian nucleus, posterior
internal medullary laminae, and rostral end of the midbrain have
produced unarousable sleep (Graft-Radford et al., 1984). This may
be due to damage of fibers in the ascending reticular activating sys-
tem that pass through the internal medullary lamina.

Stereotaxic lesions in the area of the centromedian nucleus have
been used to counter intractable thalamic pain; however, it is un-
clear that this nucleus actually plays a role in pain processing. These
lesions may be affecting the anterolateral tract fibers that pass close
to the nucleus, or they may be producing a form of neglect (Ohye,
1990).

DORSOMEDIAL NUCLEUS (DMNu)

The dorsomedial nucleus (DMNu) is a large mass of cells lying
along the dorsal and medial border of the thalamus (Figure 8-6). It
is bounded laterally by the internal medullary lamina and medially
by the third ventricle. This nucleus is divided into several compo-
nents, one of which has extensive reciprocal connections with the
prefrontal cortex. The other portions of the nucleus are connected
to the amygdala and olfactory cortex through the inferior thalamic
peduncle as well as to the substantia nigra. Based on its connec-
tions, it has been suggested that the dorsomedial nucleus integrates
somatic and visceral information and is involved in maintaining
consciousness. When an analysis of lesion data is considered, it ap-
pears that the dorsomedial nucleus is also involved in the thalamic
pathways related to memory processing and in the mainten-ance of
cognitive functions (Masdeu and Brazis, 1996).

CLINICAL DISCUSSION: Destruction of the dorsomedial nucle-
us or the surrounding area can result in various neuropsychologi-
cal dysfunctions (Bogousslavsky et al., 1988; Choi et al., 1983). This
may take the form of dysfunctions in verbal memory (Squire and

Moore, 1979) and topographic memory (Kawahara et al., 1986).
Familial degeneration of the dorsomedial nucleus and anterior
thalamic nuclei produced insomnia and dysautonomia in a patient
(Lugaresi et al., 1986). Lesions of dorsomedial nucleus or its con-
nections to the prefrontal cortex can present with components of
the frontal lobe syndrome (Graff-Radford et al., 1984).

LATEROPOSTERIOR NUCLEUS (LP)

The lateroposterior nucleus is a member of the lateral nuclear
group, which consists of the pulvinar, lateroposterior, and latero-
dorsal nuclei. The pulvinar is the most posterior of the three; ros-
trally, it is replaced by the lateroposterior nucleus (LP) and finally
by the laterodorsal nucleus (Figure 8-3). Although its connections
in humans are not well known, the lateroposterior nucleus in cats
receives afferent fibers from the visual cortex and superior collicu-
lus, thus creating multiple representations of the visual hemisphere.
Its efferent connections go to the posterior parietal (association)
cortex, and it has been suggested that the structure is involved in
visuomotor activity.

CLINICAL DISCUSSION: Exact clinical deficits associated with
lesions in the lateral posterior nucleus are unknown. Lesions in the
lateral posterior-pulvinar complex result in disturbances of topo-
graphic memory and in constructional apraxia (Kawahara et al.,
1986).

INTERNAL MEDULLARY LAMINA (IML)

The internal medullary lamina (IML) is a thin velum of cells and
fibers that divides the ventral nuclear groups from the medial nu-
clear groups (dorsomedial nucleus) in the thalamus. Caudally, it
surrounds the centromedian nucleus; rostrally, it encapsulates the
anterior nuclei. Ascending fibers from the anterolateral system and
the mesencephalic reticular formation terminate on cells in the
internal medullary lamina. Cells in the internal medullary lamina
provide a diffuse innervation of most regions of the ipsilateral cere-
bral cortex. Since these efferent fibers do not target discrete cortical
areas, they are often referred to as nonspecific projections. The
internal medullary lamina is involved in the transmission of pain
and, through the reticular activating system, in maintenance of the
arousal state in cerebral cortex.

CLINICAL DISCUSSION: Sleep dysfunctions and altered levels
of consciousness are reported features of lesions in the internal
medullary lamina or closely related nuclei (Castaigne et al., 1981;
Graff-Radford et al., 1984). Stereotaxic lesions have been placed in
the vicinity of the centromedian nucleus, a structure surrounded
by the internal medullary lamina, to control intractable thalamic
pain (Ohye, 1990).

EXTERNAL MEDULLARY LAMINA (EML)

A band of fibers, the external medullary lamina (EML) makes up
the lateral border of the thalamus, separating the major thalam-
ic nuclei from the thin reticular thalamic nucleus (see Plates 21
to 25). This lamina is composed of the thalamocortical and corti-
cothalamic fibers passing in and out of the internal capsule.

THALAMIC RETICULAR NUCLEUS (ThRetNu)

The external medullary lamina forms a thin velum of fibers around
the main body of the thalamus. The thalamic reticular nucleus
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(ThRetNu) is a thin sheet of cells lying between the external medul-
lary lamina and the internal capsule (see Plates 21 to 25). Although
little is known of its organization in humans, in the cat this nucleus
receives collateral axons from the corticothalamic and thalamocor-
tical fibers. In turn, it projects to most thalamic nuclei (Steriade
et al., 1984). Thus, the thalamic reticular nucleus could be acting
as a gate, sampling the activity occurring between thalamus and
cortex, and modulating the output of individual thalamic nuclei. It
has also been proposed that the thalamic reticular nucleus plays a
role in directing attention to novel stimuli and inhibiting attention
to repetitive stimuli (Watson and Heilman, 1979).

SUBTHALAMIC NUCLEUS (SThNu)

The subthalamic nucleus (SThNu) is located along the medial side
of the internal capsule at approximately the midbrain-thalamic
junction. It receives fibers from the external segment of the ipsi-
lateral globus pallidus and projects back to the internal segment of
this same structure. Consequently, the subthalamic nucleus rep-
resents a station in the “indirect output pathway” for the basal gan-
glia (see Chap. 11). Its role in the motor system involves modula-
tion of the activities of the internal segment of the globus pallidus.
This later structure directly inhibits the ventrolateral and portions
of the ventroanterior thalamic nuclei (Alexander and Crutcher,
1990). Through this mechanism, the subthalamic nucleus and bas-
al ganglia play a significant role in controlling the thalamocortical
circuitry and thus the output of the cerebral cortex.

CLINICAL DISCUSSION: Lesions of the subthalamic nucleus can
result in a loss of excitation to the internal segment of the globus
pallidus, which then fails to repress the ventrolateral and ventroan-
terior nuclei of the thalamus. The elevated output from these two
thalamic nuclei to the premotor cerebral cortex results in increased
output of motor patterns from the neocortex (DeLong, 1990). The
patient experiences violent, uncontrollable, ballistic movements in
the proximal muscles of the contralateral extremities.

CEREBELLOTHALAMICTRACT (CThT)

The thalamic fasciculus (ThFas, see Plate 22) is composed of axons
from the dentate nucleus (cerebellothalamic fibers [CThT]) and
from the globus pallidus (pallidothalamic fibers). The cerebello-
thalamic fibers are in Plate 21 and in Figure 8-7. These axons orig-
inate in the dentate and interpositus nuclei of the contralateral cer-
ebellum. They cross the midline in the decussation of the superior
cerebellar peduncle, pass around the red nucleus, and terminate in
the ventrolateral nucleus of the thalamus. On Plate 21, the cerebel-
lothalamic fibers are seen as they encapsulate the red nucleus. The
pallidothalamic fibers are present on Plates 22 to 25 (ansa lenticu-
laris and lenticular fasciculus).

CLINICAL DISCUSSION: Lesion of the cerebellothalamic fibers is
similar to section of the superior cerebellar peduncle and can pres-
ent with ataxia and dysmetria in the contralateral limb (Caplan,
1988). If the lesion is superior to the decussation of the dentotha-

lamic fibers in the midbrain, the presentation is on the contralater-
al side of the body.

BODY OF THE FORNIX

The fornix is a major efferent pathway of the hippocampus. Arising
from the dorsal surface of the hippocampus, its body passes over

the caudal thalamus, and its columns descend through the rostral
thalamus to terminate in the hypothalamus and septal area. The
body of the fornix is present in Plate 21. It will be discussed further
in Chapter 9.

CLINICAL DISCUSSION: Lesions of the fornix, interrupting the

hippocampal-hypothalamic connections, have been associated
with amnesia (Grafman et al., 1985).

Review Structures From Preceding Plates

Identify the following structures from previous sections:

1. Lateral geniculate nucleus (LGNu)
2. Optic radiations (OpRad)
3. Optic tract (OpTr)
4. Pulvinar nucleus (PulNu)
Atlas Plate 22

Go to the Atlas

The dorsal portion of this section passes through the center of the
thalamus; the ventral portion lies on the caudal border of the hy-
pothalamus. A salient feature of Plate 22 is the mammillothalamic
tract that wraps around the medial border of the mammillary nu-
clei.

VENTROLATERAL NUCLEUS (VL)

The ventral group of nuclei extends along the entire posterior to
anterior axis of the thalamus (Figure 8-6). This group contains the
ventroposterior, ventrolateral, and ventroanterior nuclei. The ven-
trolateral nucleus (VL) lies anterior to the ventroposterior nuclei.
It receives afferent fibers from the contralateral dentate nucleus in
the cerebellum (Figure 8-7) and from the ipsilateral globus pallidus
of the basal ganglia. These two projections end in separate regions
of the ventrolateral nucleus; those from the cerebellum are more
posterior than those from the basal ganglia (Thach et al., 1992). A
somatotopic representation of the body is present in the ventrolat-
eral nucleus and is in register with that found in the adjacent ven-
troposterior nucleus (Thach et al., 1992). The ventrolateral nucleus
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projects to the ipsilateral primary motor cortex. Its output is excit-
atory, and at least that from the portion of the nucleus receiving
the pallidothalamic fibers most likely sets the level of neural activ-
ity in motor cortex, thus influencing the tonic activity of muscles
through the output of motor cortex.

CLINICAL DISCUSSION: Large lesions in the vicinity of the ven-
trolateral nucleus can produce hemiplegia; however this most like-
ly reflects the involvement of the corticospinal fibers in the inter-
nal capsule. Pure lesions of the ventrolateral nucleus can result in
hypotonia, diminished emotional expression, and a neglect that is
transitory (Masdeu and Brazis, 1996).

Loss of cerebellar input (dentothalamic tract) to the ventrolateral
nucleus can present as contralateral limb hemiataxia. Lesions in
the inhibitory input from the basal ganglia (pallidothalamic tract)
that spare the internal capsule can induce unwanted motion (i.e.
the choreiform or athetotic movements). Conversely, stereotaxic
lesions of the nucleus have been used to block uncontrolled move-
ments and tremor (Bullard and Nashold, 1984).

Language dysfunctions, usually transient, have also been associat-
ed with lesions in the ventrolateral thalamus (Masdeu and Brazis,
1996;Graff-Radford et al., 1984). These dysfunctions are character-
ized by reduced spontaneous speech, paraphasic errors, persever-
ation, and reduced comprehension in the face of preserved repe-
tition. A small lesion in the ventrolateral nucleus along its border
with the lateral-posterior nuclear group has presented with astasia
(Masdeu and Gorelick, 1988).

THALAMIC FASCICULUS (ThFas)

In this section, the ascending cerebellothalamic fibers are joined by
axons from the ipsilateral globus pallidus (pallidothalamic fibers)
traveling in the lenticular fasciculus; the combined fiber bundle is
called the thalamic fasciculus (ThFas). The cerebellothalamic fibers
terminate in the caudal portion of the ventrolateral nucleus; the
pallidothalamic fibers terminate in the rostral portions of the nu-
cleus as well as in the ventroanterior nucleus (Figure 8-7).

CLINICAL DISCUSSION: Lesions of the thalamic fasciculus can
result in cerebellar ataxia and dysmetria of the contralateral ex-
tremities due to damage to the cerebellothalamic fibers, and sud-
den, unexpected, chorea-like or dystonic movements of the contra-
lateral limbs caused by loss of the pallidothalamic fibers (Caplan,
1988).

ZONA INCERTA (zi)

The zona incerta (Zi) is a narrow strip of cells wedged between the
thalamic fasciculus dorsally and the lenticular fasciculus ventrally.
It receives fibers from ipsilateral motor cortex and projects to the
red nucleus and superior colliculus. Its function in clinical neurol-
ogy are poorly understood.

LENTICULAR FASCICULUS (LenFas)

Fibers from the globus pallidus (pallidothalamic fibers) traveling
to the rostral portion of the ventrolateral nucleus pass through the
internal capsule to enter the thalamus as the lenticular fasciculus
(LenFas). Once in the thalamus, this fasciculus joins with the as-
cending cerebellothalamic fibers to form the thalamic fasciculus

(Figure 8-7).

CLINICAL DISCUSSION: Lesions of the lenticular fasciculus
can result in sudden, unexpected, chorealike, or dystonic move-
ments of the contralateral limbs (Caplan, 1988). This expression
of unwanted motion most likely comes from the loss of inhibition,
which the pallidothalamic fibers usually place on the ventrolateral
nucleus (see Chap. 11).

MAMMILLARY BODY (MB)

The posterior end of the hypothalamus contains a prominent ex-
ternal structure, the mammillary body (MB). Each body is parti-
tioned into several nuclei. This structure is integrated into the lim-
bic circuit, receiving projections from the hippocampus and septal
area via the fornix, and sending efferent projections to the anterior
thalamic nuclei (which then project to cingulate cortex). This cir-
cuitry is involved in processing memory and in learning.

CLINICAL DISCUSSION: Neurodegenerative changes in the
mammillary nuclei are prominent in chronic alcoholism. This ob-
servation has led to the theory that destruction of the mammil-
lary nuclei is involved in the diencephalic amnesia associated with
chronic alcoholism. However, the dorsomedial nuclei also exhibit
necrosis with prolonged alcohol abuse (Mair et al., 1979), and re-
cent evidence has suggested that lesions of the dorsomedial thalam-
ic nuclei alone can produce a severe memory impairment (Squire
and Moore, 1979). Controlled lesions of the mammillary nuclei in
primates has resulted in a form of spatial memory impairment, not
the global diencephalic amnesia of alcoholics (Aggleton and Mish-
kin, 1985). Thus, it appears that necrosis of the mammillary nuclei,
while contributing to the overall amnesic syndrome in alcoholics,
is not responsible for the amnesia of alcoholism in its entirely.

MAMMILLOTHALAMIC TRACT (MTTr)

The projection from the mammillary nuclei to the thalamus is the
mammillothalamic fasciculus (MTTr). This prominent fiber bun-
dle can be seen passing rostrally and dorsally from the mammillary
nuclei to the base of the fiber capsule surrounding the anterior tha-
lamic nucleus (see Plate 25).

CLINICAL DISCUSSION: Lesions of this tract or its surround-
ing territory can present with amnesia (von Cramon et al., 1985;
Graff-Radford et al., 1990).

POSTERIOR HYPOTHALAMUS (PHyTh)

Surrounding the mammillary bodies are the nuclei of the posterior
hypothalamus (PHyTh). This diffuse mass of neurons has descend-
ing projections onto the autonomic nuclei of the brain stem and
spinal cord and is involved in controlling activity of the sympathet-
ic nervous system.

CLINICAL DISCUSSION: Lesions in the posterior hypothalamus
can disrupt autonomic regulation. Symptoms that have been re-
ported are hypothermia ranging to poikilothermy and Horner syn-
drome. Apathy and hypersomnia or coma have also been noted in
lesions of this area (Masdeu, 1996b).

Review Structures From Preceding Plates

Identify the following structures from previous sections:
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Stria medullaris (StMed)
Lateroposterior nucleus (LPNu)
Dorsomedial nucleus (DM)

Internal medullary lamina (IML)
External medullary lamina (EML)
Subthalamic nucleus (SThNu)

Fornix (Fx)

Thalamic reticular nucleus (ThRetNu)

1.
2.
3.
4.
5.
6.
7.
8.

Atlas Plate 23

Go to the Atlas

This section passes through the thalamus and hypothalamus. The
mammillothalamic tract in the thalamus, the fornix in the hypo-
thalamus, and the prominent optic tracts bordering the hypothal-
amus and cerebral peduncles represent its unique characteristics.

LATERAL DORSAL NUCLEUS (LD)

The lateral nuclear group is composed of three nuclei: lateral dor-
sal, lateral posterior, and pulvinar (Figure 8-6). The lateral dorsal
nucleus (LD) is housed in a separate, myelinated fiber capsule
along the dorsal surface of the thalamus. Projections to this nu-
cleus arise in the hippocampus, pretectum, and lateral geniculate.
In turn, the nucleus sends projections to the cingulate and para-
hippocampal gyrus. It has been suggested that the lateral dorsal
nucleus is a gateway for visual sensory information reaching the
limbic system (Thompson and Robertson, 1987). Specific clinical
deficits have not been associated with damage affecting the the lat-
eral dorsal nucleus.

MASSA INTERMEDIA (MI)

In approximately 80% of brains examined, the midline nuclear
group is continuous with the opposite thalamus (mi, Figure 8-4).
This continuity, composed of neurons and fibers, represents a
bridge of gray matter; it is not a fiber tract.

ANSA LENTICULARIS (AnLen)

The ansa lenticularis (AnLen) is a fiber tract that passes out of the
globus pallidus, ventral to the internal capsule, and curves dorsally
to join the thalamic fasciculus, eventually terminating in the rostral
portion of the ventrolateral nucleus and the ventroanterior nucle-
us of the thalamus (Figure 8-7). These pallidothalamic fibers are
inhibitory in their actions on the thalamic neurons. The clinical
deficits associated with interruption of the pallidothalamic fibers
have been presented with the lenticular fasciculus.

LATERAL HYPOTHALAMIC AREA (LHyTh)

The lateral hypothalamic area (LHyTh) extends from the midbrain
tegmentum to the preoptic area, situated lateral to the fornix. Dis-
tinct nuclear boundaries are difficult to locate in this zone of the
hypothalamus. Stimulation of the lateral hypothalamic area can
result in the desire to eat.

CLINICAL DISCUSSION: Lesions of the lateral hypothalamus can
present with loss of appetite, emaciation, adipsia, and apathy (Mas-
deu, 1996b).

MEDIAL HYPOTHALAMUS (MHyTh)

The region medial to the fornix is the medial hypothalamus
(MHyTh). Like the lateral hypothalamic area, it lacks distinct nu-
clear boundaries. The medial hypothalamic area contains a satiety
center that, if lesioned, can result in obesity. Several of its nuclei
also produce regulatory factors that function in controlling the pi-
tuitary gland.

CLINICAL DISCUSSION: Destruction of the medial hypothala-
mus can result in diabetes insipidus and hyperdipsia. Hyperphagia
to the point of obesity can occur as well as the syndrome of in-
appropriate antidiuretic hormone release (SIADH) and dwarfism.
Behavioral dysfunctions such as rage or amnesia can also occur
with these lesions (Masdeu, 1996b).

OPTICTRACT (OpTr)
The anterior boundary of the hypothalamus is the optic tract
(OpTr). This tract contains the axons of the retinal ganglion cells.

CLINICAL DISCUSSION: Pressure on the optic tract, resulting
from a mass expanding lesion in the hypothalamus, can result in
visual field defects such as hemianopsia.

Review Structures From Preceding Plates
Identify the following structures from previous sections:

1. Stria Medullaris (StMed)

Thalamic reticular nucleus (ThRetNu)
External medullary lamina (EML)
Internal medullary lamina (IML)
Ventrolateral nucleus (VL)
Dorsomedial thalamus (DM)

Zona incerta (Zi)
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Mamillothalamic tract (MTTr)
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9. Thalamic fasciculus (ThFas)
10. Lenticular fasciculus (LenFas)

11. Fornix (Fx)

Atlas Plate 24

Go to the Atlas

The dorsal portion of this section passes through the thalamus; the
ventral portion traverses the rostral border of the hypothalamus
and preoptic area. The inferior thalamic peduncle and ansa lenticu-
laris are seen entering the ventral aspect of the thalamus.

ANTERIOR HYPOTHALAMUS (AHyTh)

The anterior hypothalamus (AHyTh) is located rostrally in the
hypothalamus. At the level of the optic chiasm it merges into the
preoptic area. Cells in the anterior hypothalamic nucleus contain
receptors for sex hormones and produce regulating factors for the
anterior pituitary gland. Neural circuits that determine set points
for the control of temperature in the body are also located in the
anterior hypothalamus. This area is involved in control of the pitu-
itary gland and of the parasympathetic nervous system.

CLINICAL DISCUSSION: Lesions of the anterior hypothalamus
can result in hyperthermia. This alteration in temperature can be
cyclic and accompanied by fever, shivering, and chills. Diabetes
insipidus and insomnia can also present with lesions in this area
(Masdeu, 1996b).

INFERIOR THALAMIC PEDUNCLE (InThP)

The inferior thalamic peduncle (InThP) enters the thalamus from
the ventral surface and carries fibers from the orbitofrontal cortex,
medial temporal cortex, and amygdala to the dorsomedial nucleus
of the thalamus.

Review Structures From Preceding Plates

Identify the following structures from previous sections:

—

Stria medullaris (StMed)
Dorsomedial thalamic nucleus (DM)
Internal medullary lamina (IML)
Ventrolateral thalamic nucleus (VL)
Lateral dorsal thalamic nucleus (LD)
Ansa lenticularis (AnLen)

Fornix (Fx)

Lateral hypothalamic area (LHyTh)
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External medullary lamina (EML)
10. Hypothalamus (HyTh)

Atlas Plate 25

Go to the Atlas

The superior (dorsal) portion of this section passes through the
rostral pole of the thalamus; the inferior portion passes through
the central portion of the hypothalamus. Its salient feature is the
encapsulated anterior thalamic nucleus.

ANTERIOR THALAMIC NUCLEUS (AN)

The mammillothalamic tract rises out of the hypothalamus (see
Plates 22 to 24) into the anterior portion of the thalamus, where
it meets the internal medullary lamina. These two structures form
a fibrous capsule surrounding the anterior thalamic nucleus (AN;
Plate 25). The major afferent connections of this nucleus are the
mammillothalamic tract and the cingulate gyrus of cortex; its ef-
ferent projections go to the cingulate gyrus. These projections are
part of a major limbic circuit that extends from the hippocampus
to mammillary bodies via fornix and from mammillary bodies
through the anterior nucleus to the cingulate cortex (see Chapter
10). Given its involvement in this circuit, the anterior thalamic nu-
cleus joins with the dorsomedial nucleus to form the limbic thala-
mus (Armstrong, 1990).

The functions of the anterior nucleus are not well known. It is as-
sociated with a limbic circuit thought to play a role in memory
(Armstrong, 1990).
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CLINICAL DISCUSSION: Surgical lesions of the anterior tha-
lamic nuclei have been used to ameliorate agitation and anxiety;
they induce some confusion in the patient, especially with relation
to time, date, and place. Degeneration of the mammillary bodies,
mammillothalamic tract, and, to a lesser extent, the anterior tha-
lamic nucleus is seen in chronic alcoholism. This is accompanied
by Korsakoft’s psychosis, which features profound memory loss. It
is not clear just how much of a role the thalamic nuclei play in this
syndrome since surgical lesions directed at the anterior thalamic
nucleus have not replicated the amnesia (Armstrong, 1990).

VENTROANTERIOR THALAMIC NUCLEUS (VA)

The ventroanterior nucleus (VA) is the rostral pole of the ventral
group of thalamic nuclei (Figure 8-6) that includes ventroposterior
(see Plate 21) and ventrolateral (see Plates 22 to 24) nuclei. Medi-
ally, the mammillothalamic tract and the anterior thalamic nucleus
are bound the ventroanterior nucleus. The afferent projections to
the ventroanterior nucleus arise in the internal segment of the glo-
bus pallidus (see Plates 22 to 24) and enter the thalamus through
the lenticular fasciculus (see Plates 22 and 23) and the ansa lenticu-
laris (see Plates 23 to 25). The ventroanterior nucleus projects ax-
ons to the premotor and supplementary motor portions of frontal
cerebral cortex (see Chapter 9). Stimulation of the ventroanterior
nucleus produces motor behavior that resembles the movements
obtained from stimulation of the supplementary motor cortex
(Ohye, 1990).

The ventroanterior nucleus participates in a looped circuit involv-
ing cerebral cortex, corpus striatum, globus pallidus, ventroante-
rior nucleus, and cerebral cortex. This circuit functions to set the
scale of intensity in the motor system (Alexander and Crutcher,
1990) as well as in other systems (see Chapter 10). Unfortunately,
little is known concerning lesions restricted to the ventroanterior
nucleus (Ohye, 1990).

Review Structures From Preceding Plates
Identify the following structures from previous sections:

Stria medullaris (StMed)
Internal medullary lamina (IML)
Fornix (Fx)
Thalamic reticular nucleus (ThRetNu)
External medullary lamina (EML)
Mamillothalamic tract (MTTr)
Lenticular fasciculus (LenFas)
Ansa lenticularis (AnLen)
Hypothalamus (HyTh)

. Optic tract (OpTr)
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. Stria terminalis (StTer)
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Case Study 8-3

Chief Complaint

A 55-year-old man presents with left-sided sensory loss and athetotic movements

History of Chief Complaint
This 55-year-old man experienced a sudden onset of numbness in his left upper limb while eating supper. When it
persisted, he consulted his family physician.

Medical History

At the time of examination he was unmarried and worked in a factory performing quality-control inspections. Both of
his parents were alive, and he had lived with them all his life. He was diagnosed with myotonic dystrophy at 33 years of
age; its course had been a slow, progressive increase in proximal muscle weakness since that time.

General Physical Examination

The patient was an awake and oriented male with significant muscle wasting, especially in the proximal limb muscles.
His movements were punctuated by occasional tonic muscle contractions of considerable force. He appeared older
than his stated age. The center of the lens in each eye was significantly grayed, obscuring observation of the optic discs.
His blood pressure, respiration, and temperature were all within the normal ranges. His chest was clear to auscultation.
The abdomen was soft with no tenderness. A reducible mass was present in the inguinal region on the right. The cata-
racts, myotonia, and proximal muscle weakness were of long duration.

Neurologic Examination
Mental Status. He was awake and oriented to time and place. Normal mental status was found on all tests except for
a short-term visual memory deficit discovered during a neuropsychological examination at a later date; there was no
significant amnesia or aphasia.

Cranial Nerves. Visual fields were full to confrontation (however, visual acuity was poor), a full range of eye movements
was possible, and no nystagmus was present. Facial expression was full and smiling was symmetric. His hearing was
normal in both ears. Jaw-jerk and corneal reflexes were physiologic. The palate was elevated on the midline and tongue
protruded midline. Shoulder shrug was bilaterally symmetric. Swallowing and voice were normal.

Motor Systems. Extended periods of tonic muscle contractions followed some of his movements in all extremities; these
lessened with repetitive motion. Muscle strength was diminished, with considerable wasting present in the proximal
muscles of the shoulders and pelvis. His tendon reflexes were diminished but symmetric in all extremities, and plantar
reflexes were flexor. His left hand exhibited movements of an athetoid character, but only when he closed his eyes.

Sensation. He had loss of sensation on the left side of his torso and face, and left extremities for pinprick, light touch,
proprioception, vibration, two-point discrimination, graphesthesia, and stereognosis. There was an abrupt vertical
boundary to the sensory loss along the midline of the torso. No hyperesthesia or dysesthesia was noted.

Follow-up

Examination five months following this incident found the dystonic character of his movements unchanged, and his
strength remained diminished. The athetotic movements of the left hand still occurred when he closed his eyes, how-
ever the sensory losses on the left side of his body were no longer detectable.

QUESTIONS

1. Has the patient experienced any changes in consciousness or cognition, language function or spatial recogni-
tion, personality or emotional behavior, or any loss in memory?

2. Does the patient exhibit any loss of vision and if so, where in the visual field is the loss? Are there any visual
hallucinations present in this patient?

3. Are there any changes in cranial nerve function and if so, are they signs of suprasegmental or segmental level
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defects?

4.  Are there any changes in motor function such as reflexes, muscle tone, movement, or coordination and if so,
are they signs of suprasegmental or segmental level defects?

5. Are there any changes in sensory function and if so, what levels of the body have experienced this change?

6. What is the clinical temporal profile of this patient’s neurologic problem: is the onset of neurologic findings
acute or insidious, is the course of the neurologic disease chronically progressive, fluctuant or stable?

7. Based on the presenting signs and symptoms, do you think the distribution of the neurologic pathology is
focal, multifocal or diffuse?

8. Based on the answers to these questions develop a differential diagnosis of the patient’s neurological problem?

9. If the origin of the pathology is vascular, what arterial supply is most likely involved with the lesion in this
patient?

Case Study 8-4

Chief Complaint

A 78-year-old woman presents with confusion, memory dysfunction, and sleep disturbances.

History of Chief Complaint
This 78-year-old woman was brought to the emergency room from a local nursing home after she became very agitated
and disoriented, alarming the other residents.

Medical History

At the time of admission she had been retired for 13 years from her position as an elementary schoolteacher. She had
been married and her husband was deceased. She had no children. Five years previously she had moved from her house
to a nursing home. Two years previously she had experienced a period of right facial weakness with language dysfunc-
tion, which had resolved over a 2-week period. Until the day of admittance she had been a pleasant person, sociable
with other residents of the nursing home, and with good memory.

General Physical Examination

She was in an agitated state and uncooperative, making a detailed examination difficult. She was well nourished and
well hydrated and appeared her stated age. She had increased pulse, respiration, and blood pressure (190/100 mmHg).
She appeared flushed and her skin was moist.

Neurologic Examination

Mental Status. She was disoriented with respect to time and place. She insisted she was going shopping and that the
driver had let her out at the hospital by mistake. She was aggravated and abusive with the attending personnel. She
was a poor historian. At the time of admission she could not be tested for memory, since she refused to answer most
questions.

Cranial Nerves. Visual fields appeared full to confrontation, a full range of eye movements was possible, and no nystag-
mus was present. Facial expression was full and hearing was normal. Jaw-jerk reflex was normal and corneal reflex was
present. Palate was elevated on the midline and tongue protruded midline. Shoulder shrug was bilaterally symmetric.
Swallowing and voice were normal.

Motor Systems. Movements were normal; strength and deep tendon reflexes were physiologic throughout the patient’s
body.
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Sensation. Response to pinprick was normal; no detectable loss of proprioception was found. Testing was complicated
by her uncooperative nature.

Follow-up

The patient esperienced insomniac for 3 days while under observation in the hospital. On discharge she was calm but
had marked memory dysfunction and continued to confabulate explanations to cover the memory loss. One month
after returning to the nursing home she developed marked hypersomnia and was difficult to rouse. She returned to the
hospital where she died one week later.

QUESTIONS

1. Has the patient experienced any changes in consciousness or cognition, language function or spatial recogni-
tion, personality or emotional behavior, or any loss in memory?

2. Does the patient exhibit any loss of vision and if so, where in the visual field is the loss? Are there any visual
hallucinations present in this patient?

3. Are there any changes in cranial nerve function and if so, are they signs of suprasegmental or segmental level
defects?

4.  Are there any changes in motor function such as reflexes, muscle tone, movement, or coordination and if so,
are they signs of suprasegmental or segmental level defects?

5. Are there any changes in sensory function and if so, what levels of the body have experienced this change?

6. What is the clinical temporal profile of this patient’s neurologic problem: is the onset of neurologic findings
acute or insidious, is the course of the neurologic disease chronically progressive, fluctuant or stable?

7. Based on the presenting signs and symptoms, do you think the distribution of the neurologic pathology is
focal, multifocal or diffuse?

8. Based on the answers to these questions develop a differential diagnosis of the patient’s neurological problem?

9. If the origin of the pathology is vascular, what arterial supply is most likely involved with the lesion in this
patient?
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» DISCUSSION I

Thalamic Vascular Supply

The blood supply to the thalamus is complex and highly variable.
It comes from numerous penetrating vessels that branch from the
circle of Willis, closely related portions of the basilar artery, poste-
rior cerebral artery, and middle cerebral artery. Rather than con-
sideriing the distribution of each artery, it is more instructive to
describe groups of arteries that supply a reasonably constant tha-
lamic territory. Infarction within a vascular territory can be relat-
ed to a reasonably specific constellation of neurologic signs and
symptoms.

Although terminology varies, most clinical authors recognize three
major thalamic territories that can be described by their related
blood supply: midline or paramedian, anterolateral, and postero-
lateral (see Plates 20 to 25). Some authors describe an additional
lateral thalamic-internal capsule territory (Graff-Radford et al,
1985).

Paramedian Group
The paramedian group is supplied by a tuft of small arteries that

branch off of the top of the basilar and proximal cerebral arteries
(PMbr in Figure 8-8A). They supply the midline of the diencepha-
lon, being more prevalent posteriorly and diminishing in number
anteriorly. In some cases many of the bilateral branches arise from
a common stem at the top of the basilar artery. In such situations, a
stem infarction can present with bilateral signs.

Anterolateral Group
The anterolateral group consists of the posterior communicating
artery and its tuberothalamic branches (PComA and TuTh in Fig-
ure 8-8B). Small penetrating arteries from the posterior communi-
cating artery supply a band of tissue along the lateral and anterior
borders of the thalamus.

Posterolateral Group

The posterolateral group consists of several long, circum-ferential
arteries, such as the posteromedial choroidal, that arise from the
posterior cerebral artery (PMChA and PCA in Figure 8-8C). These
circumferential arteries wrap around the cerebral peduncle, curve

ICA

Figure 8-8. Arterial supply of the left thalamus. (AChA, anterior choroidal artery; BA, basilar artery; PCA, posterior cerebral artery;
PComA, posterior communicating artery; PM br, paramedian branches; PMChA, posteromedial choroidal artery; Th, thalamic hemi-
sphere; TuTh br, Tuberothalamic branches of the posterior communicating artery)
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dorsally to arch over the posterior end of the thalamus, and finally
course rostrally along the superior aspect of the thalamus, dimin-
ishing in prevalence from caudal to rostral. These vessels course
in close association with the stria terminalis and stria medullaris;
their penetrating branches enter the thalamic tissue from its supe-
rior surface.

Lateral Group

The lateral group consists of the anterior choroidal artery and its
penetrating branches. The anterior choroidal arises from the in-
ternal carotid and passes posteriorly around the cerebral peduncle
(AChA Figure 8-8). Penetrating branches from this artery perfuse

a zone along the lateral border of the thalamus involving the poste-
rior limb of the internal capsule and globus pallidus. The anterior
choroidal terminates as small branches wrapping around the cau-
dal border of the thalamus and perfusing portions of the lateral
geniculate nucleus.

There is variation and considerable overlap in the distribution of
cerebral arteries within the thalamus; thus, it is difficult to assign
specific arteries to individual thalamic nuclei. However, general
zones of the thalamus can be related to the vascular territory of
specific groups of cerebral arteries. Constellations of neurologic
signs and symptoms are associated with perfusion failure within

Malamic Vasculature
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Figure 8-9. This is a posterior view into the cranium following the removal of the cerebral hemispheres and the
cerebellar hemispheres. The brainstem was sectioned in the axial plane at the level of the caudal midbrain and
the ventral forebrain was sectioned in the coronal plane at the level of the hypothalamus. The infundibular stalk
is seen on the midline, is ruddy color due to the extreme vascularization of this structure. The internal carotid
artery is seen dividing into middle and anterior cerebral arteries. The posterior communicating artery is out of
view but its tuberothalamic branches can be visualized ascending into the ventral aspect of the thalamus.
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these vascular territories (Kawahara et al., 1986;Graff-Radford et
al., 1985;Percheron, 1973). The following is a compilation of vas-
cular territories, their distribution within the thalamus, and the
known neurologic sequelae caused by perfusion compromise.

Thalamic Vascular Syndromes

Midline Territory Syndrome

Arteries. The paramedian branches arise from the apex of the basi-
lar artery or proximal portion of the posterior cerebral artery (oth-
er names for these branches include interpeduncular profundus ar-
tery, thalamoperforating artery, and thalamic-subthalamic artery)

Distribution. The midline territory is widest caudally and narrows
to a point rostrally. It contains the midline nuclei, centromedian
nucleus, dorsomedial nucleus, posterior portion of the internal
medullary lamina, and rostral portion of ventrolateral nucleus, as
well as subthalamic nucleus and rostral interstitial nucleus of the
median longitudinal fasciculus.

Deficits. Coma or drowsiness, confusion, amnesia, confabulation,
disorientation, hypersomnolence (bilateral lesions), cognitive
impairment, gaze palsies, constructional apraxias and sometimes
ataxia, and delayed movements (Graff-Radford et al., 1984;Caplan,
1988).

Anterolateral Territory Syndrome

Arteries. Tuberothalamic arteries branch from the posterior com-
municating artery (other names for these branches include polar
artery, anterior optic artery, centralis anterolaterales artery, or
premamillary pedicle).

Distribution. The anterolateral territory is a ventral wedge coursing
from a lateral position in the caudal thalamus to a medial position
in the rostral thalamus. Structures serviced by these vessels are the
paraventricular nuclei; massa intermedia; ventrolateral and ven-
troanterior nuclei; portions of the thalamic reticular, dorsomedial,
and posterior nuclear groups; mamillothalamic tract; and posteri-
or limb of the internal capsule.

Deficits. Neuropsychological deficits in language, temporal ori-
entation, intellect, memory (amnesias), and visual perception, as
well as constructional apraxias, dysphasia (lesion on dominant
side), neglect, and abulia (including facial paresis for emotion, and
transient hemiparesis). Speech is characterized by reduced volume
and quantity, paraphasic errors, and verbal perseveration (Bo-
gousslavsky et al., 1988;Kawahara et al., 1986;Graff-Radford et al,,
1984;Caplan, 1988;Gorelick et al., 1984;Mori et al., 1986).

Posterolateral Territory Syndrome

Arteries. Thalamogeniculate and posterior choroidal arteries that
branch off the posterior cerebral artery (other names for these
branches include thalamoperforating, posterior thalamic, or pos-
teroinferior arteries).

Distribution. The posterolateral territory is a dorsal wedge extend-
ing from a lateral position caudally to a medial position rostrally.
These vessels service the ventroposterior and portions of the ven-
trolateral nuclei, pulvinar and portions of the lateroposterior nu-

clear group, and make contributions to the centromedian nucleus.

Deficits. Hemibody sensory loss and paresthesia; hemianopsia;
hemiparesis and choreiform or athetotic movements; astasia; visu-
al memory and visual perceptual dysfunction (Bogousslavsky et al.,
1988;Kawahara et al., 1986;Graft-Radford et al., 1984;Masdeu and
Gorelick, 1988;Caplan et al., 1988).

Lateral Thalamic/Internal Capsule Zone Syndrome
Arteries. Anterior choroidal arteries that branch off the internal
carotid or middle cerebral artery.

Distribution. This territory forms a cusp along the lateral border
of the thalamus. It contains the posterior limb of internal capsule,
lateral portion of ventrolateral nucleus, and both segments of glo-
bus pallidus.

Deficits. Hemiparesis, diminished pinprick, and light touch sensa-
tion (Graff-Radford et al., 1984;Caplan et al., 1988).
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Chapter 9
Neocortex

» INTRODUCTION

The cerebral hemispheres are the most prominent structures of the
brain. Starting in the 4th week of development as small, lateral pro-
trusions off the diencephalon, they expand rapidly to eventually
envelop the rostral end of the brain stem as well as portions of the
cerebellum. When mature, each hemisphere is composed of a thin,
folded cortical mantle of neurons overlying a massive accumula-
tion of white matter. The axons of the white matter form an elabo-
rate network of intracerebral communication, both within a hemi-
sphere and between hemispheres. In addition, some of these axons
represent the efferent projections of the cerebral cortex, which
descend through the white matter, enter the internal capsule, and
eventually reach the brain stem and spinal cord.

The cortical mantle can be divided into two general regions: neo-
cortex and allocortex. Neocortical areas form the prominent con-
voluted mantle on the surface of the hemisphere. They establish
reciprocal connections with thalamic nuclei and also project axons

to the brain stem and spinal cord.

The allocortex lies along the medial edge or limbus of the cortical
mantle. This region represents the oldest portion of the cerebral
cortex. Information from the neocortex is passed to allocortical
structures via pathways referred to collectively as the limbic sys-
tem. Through these circuits, sensory input from neocortical areas
is processed, and complex behavioral responses involving somato-
motor and secretomotor, as well as intellectual activities, are gen-
erated (see Chap. 10).

Buried deep inside the white matter of the cerebral hemisphere,
and in close association with the thalamus, are the subcortical
nuclei or basal ganglia (the corpus striatum, globus pallidus, and
amygdala). The neocortex has extensive projections onto these
subcortical nuclei that in turn feed back to the neocortex through
the thalamus. This looped network is involved in modulating or
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scaling the amount of neural activity in specific portions of neo-
cortex (see Chapter 11).

The organization of the neocortical mantle of the cerebral hemi-
sphere and its connections will be examined in this chapter. Us-
ing data derived from the lesion method of analysis (Damasio and
Damasio, 1989), the clinical effects of neocortical damage will be
described and several related clinicopathologic cases will be pre-
sented.

GENERAL OBJECTIVES

1. To learn the locations and functions of the major sensory,
motor, and association areas of neocortex

2. To learn the clinically detectable deficits associated with
destruction of specific neocortical areas

3. To use the preceding information to localize the extent
of cerebral damage based on a patient’s clinical signs and
symptoms

INSTRUCTIONS

In this chapter you will be presented with one or more clinical case
studies. Each study will be followed by a list of questions that can

Chapter Nine Topics:

Case Study 9-1

DISCUSSION |

Cerebral Structures
FRONTAL LOBE
Prefrontal Cortex
Premotor and Supplementary Motor Cortex
Precentral Cortex
PARIETAL LOBE
Postcentral Gyrus
Medial Parietal Lobule
Posterior Parietal Lobule
TEMPORAL LOBE
OCCIPITAL LOBE
INSULAR LOBE
CORPUS CALLOSUM

best be answered by using knowledge of regional and functional
neuroanatomy and by referring to outside reading material. Fol-
lowing the questions will be a section devoted to structures from a
specific region of the central nervous system. Before attempting to
answer the questions, compile a list of the patient’s neurologic signs
and symptoms, then examine the structures and their functions
and study their known clinical deficits. After becoming familiar
with the material, reexamine the list of neurologic signs and symp-
toms and answer the questions. Be aware that some of the ques-
tions can have multiple responses or require information beyond
the scope of this manual. It may be necessary to obtain material or
advice from additional resources such as specialty texts, a medical
dictionary, or clinical personnel.

MATERIALS

1. A whole brain
2. A sagittal brain
3. Brain sections

4. A medical dictionary

Case Study 9-2

DISCUSSION i

Cerebral Vasculature
Roots of the Cerebral Vasculature
Anterior Cerebral Artery (ACA)
Middle Cerebral Artery (MCA)
Posterior Cerebral Artery (PCA)

References

- Page 180 -



Medical Neuroanatomy Chapter 09

Case Study 9-1

Chief Complaint
A 73-year-old, right-handed male with rapid onset of right-sided weakness and aphasia

History of Chief Complaint

This 73-year-old, right-handed male was in excellent health until 7 oclock on the evening of his admission, when he
suddenly dropped his pipe out of his right hand while sitting on the back porch of his daughter’s house. Although he
did not experience a syncopal episode, his family reported that he was obtunded for a few minutes. Since this episode,
he has been unable to speak. He was brought directly to the emergency room.

Medical History
His medical history was unremarkable. There was no history of peptic ulcer disease or of any previous myocardial
infarction or rheumatic fever.

Social History

At the time of admission, the patient had been retired for 4 years from his position as an executive with a large firm in
the southern portion of the country. He had been active in recreation for the past 10 years. He was in Maine visiting his
daughter’s family as part of an extended vacation touring the country in a recreation vehicle.

Medications
He was not on any prescription medications and the family denied that he had used any non-prescription medications
outside of an occasional NSAID for periodic musculoskeletal pains.

General Physical Examination

The patient was an elderly male who appeared younger than his stated age. He was alert, cooperative, and followed
three-step commands. His neck was supple with bilateral high-pitched carotid bruits. No hemorrhages were present in
the conjunctiva. No nail bed hemorrhages were present. Heart sounds were regular with no murmurs, rubs, or gallops.
No easy bruising, bleeding, hematochezia, hemoptysis, or hematuria were noticeable. He denied any stomach pain.
Skull and spine were atraumatic. No cranial or orbital bruits were heard. Also, no history of migraine or other previous
neurologic illnesses was given.

Neurologic Examination

Mental Status. The patient was awake and oriented to person, place and time. He had a markedly decreased output of
speech and answered only in monosyllables of yes or no. If asked for names, he pointed to the object or person, rather
than responding with the word. By using yes or no responses and by following commands, he could demonstrate that
he comprehended spoken and written language. He was incapable of writing his name or the days of the week, but
could point to the correct day from a list. He quickly recognized family members and attending hospital staff as they
entered the room. He could follow three-step commands accurately with his left arm and hand.

Cranial Nerves. The optic disks were flat; visual fields were intact. No hemorrhages or other embolic phenomena were
present. He had a full range of extraocular motion. His pupils had a range of motion of 2.5mm to 1.5 mm to both direct
and consensual light reflexes. Both eyes could close tightly. Wrinkle lines were symmetric across the forehead, and eye-
brows elevated symmetrically. The lower right quadrant of his face showed some paresis when he was asked to grimace
or smile. Corneal, jaw-jerk, and gag reflexes were intact. His uvula elevated symmetrically, his tongue protruded along
the midline, and his shoulder shrug was symmetric.

Motor Systems. Motor examination revealed a right upper limb monoparesis with a right pronator drift. Motor power
was approximately 4/5 in the right upper extremity. Motor power in the right leg was 5/5. Deep tendon reflexes in his
right upper extremity were 4/4 at the elbow and wrist, 3/4 at the knee, and 2/4 at the ankle. His right toe was up-going.

Sensation. Sensation to touch, vibration, proprioception, and pain were decreased on the right arm and thigh but were

intact on the left side of his body. This portion of the examination was somewhat equivocal because of the patient’s
poor communication skills.
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Follow-Up

Examination at 3 months after discharge found his gross strength on the right much improved at 5/5 in both upper
and lower extremities. Deep tendon reflexes were 3/4 at the elbow and wrist, 2/4 at the knee and 2/4 at the ankle. He
had regained normal sensation through his right side. His speech consisted of numerous words but was not flowing.
Many words were broken in sound and he occasionally perseverated on sounds such as no-no-no or ta-ta-ta when he
was unable to produce the correct word.

QUESTIONS

1. Has the patient experienced any changes in consciousness or cognition, language function or spatial recogni-
tion, personality or emotional behavior, or any loss in memory?

2. Does the patient exhibit any loss of vision and if so, where in the visual field is the loss? Are there any visual
hallucinations present in this patient?

3. Are there any changes in cranial nerve function and if so, are they signs of suprasegmental or segmental level
defects?

4.  Are there any changes in motor function such as reflexes, muscle tone, movement, or coordination and if so,
are they signs of suprasegmental or segmental level defects?

5. Are there any changes in sensory function and if so, what levels of the body have experienced this change?

6. What is the clinical temporal profile of this patient’s neurologic problem: is the onset of neurologic findings
acute or insidious, is the course of the neurologic disease chronically progressive, fluctuant or stable?

7. Based on the presenting signs and symptoms, do you think the distribution of the neurologic pathology is
focal, multifocal or diffuse?

8. Based on the answers to these questions develop a differential diagnosis of the patient’s neurological problem?

9. If the origin of the pathology is vascular, what arterial supply is most likely involved with the lesion in this
patient?
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» DISCUSSION |

Cerebral Structures

The cerebral cortex can be divided into two general regions based
on anatomic, phylogenetic, and embryologic studies. These are the
following: neocortex (six-layered cortex) and allocortex (three-lay-
ered cortex). The allocortex is further divided into olfactory cor-
tex (paleocortex) and hippocampus (archicortex). The allocortical
structures will be discussed in Chapter 10.

The neocortex is the youngest and largest portion of the cerebrum.
Its outermost velum, or cortical ribbon, is distinguishable by its six
layers of cells and fibers. Its surface is divided into six lobes, four of
which can be seen in a lateral view: frontal, parietal, occipital, and
temporal (Figure 8-1). The fifth, the limbic lobe, can be seen in a
sagittal view (Figure 8-2). The sixth, the insular lobe, is tucked deep
into the lateral fissure and requires dissection for exposure (Figure
8-3). Some of the borders between lobes of the cerebrum are not
well defined and different partitioning schemes are employed by
various texts. Each cerebral lobe encompasses several specific gyri
(folded ridges) and sulci (valleys between the gyri).

The cerebral lobes are further divided into specific cortical areas,

each of which is characterized by its cytology, afferent projections,
and efferent targets. These areas, of which there are approximately
50, were described initially by Brodmann and given numeric des-
ignations. Although this work was around the turn of the century,
these areas have proven useful in recent physiologic studies and
have become a standard for describing territory in the human ce-
rebral cortex. Only the most prominent of the Brodmann areas will
be presented in this text along with details on cortical cytology and
a map of the Brodmann areas (Barr and Kiernan, 1993).

The Brodmann areas of cerebral cortex can be arranged in a hier-
archy of functional groupings (Changeux, 1986). The subcortical
sensory systems relay information to the primary sensory cortex,
the first level in the cortical hierarchy. Well-organized, topographic
maps of the external environment exist in these areas. Surround-
ing the primary sensory areas are regions of the secondary sensory
cortex, representing the second level in the hierarchy. The second-
ary areas are involved in feature extraction from the sensory data
represented in primary sensory cortex. Examples of such features
are motion, color and texture of the stimuli. Finally, surrounding
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Figure 9-1. This schematic outline illustrates the four lobes seen on a lateral view of the cerebral cortex. The junction separating parietal,
occipital, and temporal cortex is defined by dashed lines connecting the parieto-occipital sulcus (*) to the preoccipital notch (**) and the
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the primary and secondary areas are large regions called the asso-
ciation cortex, the tertiary level in the hierarchy. Here polymodal
sensory convergence from the cortical sensory areas takes place; it
is speculated that images of environmental events are formed and
that behavioral patterns are initiated in the association cortex.

Although information flows into the cortex in a hierarchic fashion,
processing of this information for attention, memory, language,
and cognition cannot be thought of as being derived strictly from
the hierarchy array. Numerous interconnections exist between pri-
mary, secondary, and tertiary regions of the cerebral cortex, form-
ing vast neural networks. Simultaneous processing of information
occurs in these networks in a parallel fashion rather than in a serial
order (Mesulam, 1990). This method of parallel distributed pro-
cessing affords the brain a far more powerful strategy for extracting
features from information than a serial method of processing.

FRONTAL LOBE

The frontal lobe extends rostrally from the central sulcus to the
frontal pole (Figure 9-1 and Figure 9-2). It is divided into three
regions: prefrontal, premotor, and motor cortex. Each region is
composed of multiple gyri and sulci (Figure 9-4). The motor cortex
contains the primary motor representation; the premotor cortex is

a secondary level; and the prefrontal cortex is a tertiary or associ-
ational level.

Prefrontal Cortex

The rostral portions of three longitudinal gyri (superior, middle,
and inferior frontal) form the prefrontal cortex (Figure 9-4). The
three gyri are partitioned by two sulci. The superior and middle
gyri are separated by the superior frontal sulcus; the middle and
inferior gyri are separated by the inferior frontal sulcus. The inferi-
or frontal gyrus has three named parts (from caudal to rostral): the
pars opercularis, triangularis, and orbitalis (Figure 9-4).

In fulfilling its role as an associational level in the cortical hier-
archy, the prefrontal cortex has established extensive connections
with the rest of the brain. It receives a major fiber projection from
the dorsomedial nucleus of the thalamus, from other regions of the
cerebral cortex, particularly the secondary sensory areas of the pa-
rietal, temporal, and occipital cortex as well as from the posterior
parietal and inferotemporal association cortex. Thus, neurons in
the prefrontal association cortex are heteromodal in their response
to sensory stimuli. The efferent fibers from the prefrontal cortex
radiate out to association areas of the parietal, occipital, temporal,
and cingulate cortex as well as to allocortical areas (parahippocam-
pal gyrus). Its descending efferent fibers provide considerable in-
nervation to the corpus striatum (corticostriate fibers), cerebellum
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Figure 9-2. This schematic outline illustrates the lobes as seen on a medial view of the cerebral cortex. Where there are no outward land-
marks, the dashed lines have been used to approximate the borders of the lobes.
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(frontopontocerebellar fibers), and many brain stem nuclei (fron-
tonuclear fibers) as well.

In summary, the prefrontal association cortex can be depicted as
receiving input from multiple secondary cortical sensory and mo-
tor areas and, after processing, passing this sensory information
on to the limbic lobe through the cingulate and parahippocampal
gyri. In this sense, the prefrontal cortex represents a gateway from
the neocortex into the limbic system. Through these extensive con-
nections, the prefrontal cortex plays a major role in controlling the
complex patterns of motor and social behavior elicited by external
stimuli.

CLINICAL DISCUSSION: The signs and symptoms of prefrontal
lobe damage are controversial and have presented considerable
confusion in the literature (Nauta, 1971). Given the laterality of
function in the cerebrum, any analysis of prefrontal cortex damage
is best considered in terms of unilateral and bilateral lesions (Ad-
ams et al., 1997).

Unilateral lesions can result in an elevation of mood, with increased
talkativeness, recitation of silly jokes and inappropriate comments,
as well as a lack of tact characterized by loss of social inhibition.

Inability to adapt to changing circumstances and a loss of initiative
can also be seen. Bilateral prefrontal cortex lesions can result in a
general depression of activity, an idleness of thought and speech,
an inability to sustain attention, a rigidity or concreteness in think-
ing, bland affect, and labile mood. The general reduction in activ-
ity takes the form of diminished movement, spoken words, and
thoughts per unit of time. In mild cases, this is referred to as abulia;
profound cases result in akinetic mutism (Adams et al., 1997).

Characteristic of some prefrontal lobe lesions is a perseveration of
behavior. The patient fixes on a particular step (usually an early
step) in a sequence and repeats that step even though it means that
the overall task is not completed correctly (Nauta, 1971). This per-
severation of task can occur even though the patient acknowledges
that it is not the correct sequence. The underlying deficit may be
the patient’s inability to adjust to changing circumstances in the
external environment (Mesulam, 1986).

Memory loss also occurs in some prefrontal lobe lesions. Loss of
memory resulting from anterolaterally positioned lesions tends to
present as a fajlure to assimilate new material, whereas lesions in
the ventral portion of prefrontal cortex result in memory loss re-
sembling the Korsakoft amnesic syndrome (Adams et al., 1997).

The Insula

Figure 9-3. This drawing illustrates the insular cortex as seen after the walls of the lateral fissure have been removed.
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Recently, a common theme of behavioral disturbance has been pro-
posed for frontal lobe damage (Mesulam, 1986). Loss of attention,
shallowness and impulsiveness of thought (increased distractibili-
ty), and a disintegration of those behaviors that lack pronounced
external guidance are characteristics of this behavior. The term
environmental dependency syndrome has been proposed for this
complex. Typical of this syndrome are the “imitation behaviors”
and “utilization behaviors” described by Lhermitte and colleagues
(Lhermitte et al., 1986).

Premotor and Supplementary Motor Cortex

The caudal portions of the superior and middle frontal gyri, as
well as the rostral border of the precentral gyrus, are involved in
motor functions controlling the axial and proximal limb muscula-
ture, and constitute the premotor and supplementary motor cortex
(Figure 9-4). These two regions are considered part of the medial
motor system (Nieuwenhuys et al., 1988).

Premotor and supplementary motor cortices are located in area 6
and part of area 8. Afferent projections to these portions of cortex
are received from the ipsilateral ventroanterior and ventrolateral
thalamic nuclei and from the ipsilateral posterior parietal cortex.

The premotor and supplementary motor cortices have many tar-
gets for their efferent projections. Corticocortical fibers intercon-
nect these portions of frontal cortex with primary motor cortex bi-
laterally. Descending corticonuclear fibers from these two regions
of neocortex terminate in the reticular formation of the brainstem,
and their corticospinal fibers terminate in the contralateral medial
portions of the ventral horn of the spinal cord.

A distinction between premotor and supplementary motor cortex
is seen in the subtleties of their afferent connections and their pro-
posed function (Kandel et al., 1991). The premotor cortex receives
afferent fibers from the ventrolateral thalamic nucleus (the portion
of the thalamus receiving the dentothalamic fibers) and is reported
to function by guiding limb trajectory based on information de-
rived from the cerebellum. The cerebellar signals are strongly in-
fluenced by sensory information provided by the spinocerebellar
tracts. The supplementary motor cortex receives afferent axons
from the ventroanterior thalamic nucleus (the recipient of pallido-
thalamic fibers) and is reported to function in programming motor
sequences derived from the basal ganglia. The basal ganglia are
strongly influenced by input from the association portion of the
cerebral cortex.

MFGy

IFSul —

Fronto-Parietal
Lobes

Figure 9-4. Schematic diagram of the gyri and sulci of the frontal cortex. Primary motor cortex is indicated by the gray shading; supple-
mentary motor cortex by the diagonal lines; and premotor cortex by the small crosses. The three horizontal gyri (superior, middle, and
inferior frontal gyri) are collectively called prefrontal cortex. (CSul, central sulcus; IFGy, inferior frontal gyrus; 1, pars opercularis; 2, pars
triangularis; 3, pars orbitalis; IFSul, inferior frontal sulcus; LatFis, lateral fissure; MFGy, middle frontal gyrus; PoCGy, postcentral gyrus;
PrCGy, precentral gyrus; SFGy, superior frontal gyrus; SFSul, superior front sulcus)

- Page 186 -



Medical Neuroanatomy

Chapter 09

Precentral Cortex

The posterior portion of the frontal cortex is termed the pre-cen-
tral gyrus (area 4), which contains the primary motor cortex. This
region is involved in controlling distal limb musculature and is
considered part of the lateral motor system of Kuypers (Nieuwen-
huys et al., 1988).

The motor cortex contains the large pyramidal neurons of Betz,
located in the fifth layer. This portion of neocortex receives afferent
fibers from the ventrolateral nucleus of the thalamus, the primary
somatic sensory cortex, and the premotor and supplementary mo-
tor cortex. It gives rise to corticospinal fibers that terminate in the
lateral portions of the ventral horn.

Cells in the motor cortex are arranged in a body map; the head is
represented lateral and inferior along the precentral gyrus, and the
arm is found medial and superior. The representation of the leg is
found on the medial aspect of the precentral gyrus as it rolls over
the edge of the longitudinal fissure to become the anterior para-
central lobule.

The cells of the primary motor cortex exert control over the reflex

circuits in the spinal cord and directly control activity of alpha mo-
toneurons, especially over those innervating the distal musculature
of the limbs. Stimulation of the primary motor cortex with weak
currents produces twitches in one or several muscles in the extrem-
ity (Henneman, 1980).

One role of the primary motor cortex is to encode the force of con-
traction of the muscle groups about a joint and to prepare these
ventral horn neurons to act by adjusting the spinal reflex circuits.
However, prior to sending instructions from motor cortex to spinal
cord, they are tempered with data concerning the programming of
muscle groups around surrounding joints, and the guidance of tra-
jectory derived from the supplementary motor and premotor cor-
tices. These modified instructions are delivered to the spinal neu-
rons producing smooth, coordinated, and balanced movements of
the extremities (reviewed in Kandel et al., 1991).

Two specialized areas of motor cortex extend rostrally into the pre-
motor cortex. These regions are concerned with eye movements
and speech. The frontal eye fields (inferior portion of area 8 plus
part of areas 6 and 9) are found on the caudal border of the middle
frontal gyrus; they direct the movement of the eyes into the oppo-
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Figure 9-5. A diagram of sensorimotor structures at the parietofrontal junction and the major language areas of cerebral cortex. (AnGy,
angular gyrus; CSul, central sulcus; IFGy, inferior frontal gyrus; PoCGy, postcentral gyrus; PrCGy, precentral gyrus; SMGy, supramar-
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site visual hemisphere.

On the inferior border of the precentral gyrus and spreading onto
the pars opercularis of the inferior frontal gyrus is Brocas speech
area (areas 44 and 45; Fig. 9-5). Broca’s area contains the motor
patterns for speech. Right-handed persons have Broca’s area only
in the left or dominant cortex. Superior to Broca’s area is a relat-
ed region of cortex controlling the hand and containing the motor
patterns for writing.

CLINICAL DISCUSSION: Damage to the precentral gyrus (mo-
tor cortex) results in spasticity and hemiplegia on the contralateral
side of the body. If the lesion is confined to the lateral portion of the
precentral gyrus, supplied by the middle cerebral artery, the paresis
affects movements of the arm (monoparesis) as well as the muscles
in the lower quadrant of the face. If the lesion involves the medial
portion of the gyrus, supplied by the anterior cerebral artery, the
resulting paresis involves the lower extremity. In primates, exper-
imental lesions in motor cortex (area 4) resulted in spasticity and
paresis of the affected limb. Recovery from the paresis followed;
however, the animal never regained dexterity in the digits or ex-
ploratory behavior with the affected extremity (Henneman, 1980).
Lesions of the premotor cortex in humans can result in weakness

of the proximal limb muscles (Freund and Hummelsheim, 1985).
However, the weakness was characterized, on EMG study, by sig-
nificant delays in the pre-activation of proximal limb muscles, an
event that interfered with the normal sequencing of contractions
between the proximal and distal musculature of the limb.

A notable result of damage to the supplemental motor cortex seems
to be the expression of the grasp response (Henneman, 1980).
Slight contact with the hands leads to instinctive grasping of the
object. Unilateral lesions involving the left supplementary motor
cortex in right-dominant individuals produced a form of apraxia
bilaterally in the upper extremities as well as the grasp reflex in the
right hand (Watson et al., 1986).

Damage to Broca’s area can result in nonfluent speech called motor,
or anterior, aphasia. The patient’s vocabulary is reduced to a few
monosyllabic words or sounds such as yes or no. Speech is agram-
matic, effortful, and slow. However, comprehension may be intact,
as may the ability to write. Larger lesions can infringe on the pre-
motor areas of hand representation dorsal to