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Figure 1…1. Brainstem exiting the cranial cavity through the foramen magnum forming the spinal
cord as it enters the cervical vertebrae.

cord is often discussed segmentally, and, as will be seen when the internal structure of the
spinal cord is reviewed, there are noticeable variations at different levels. This segmentation
is based on those portions of the cord from which the 31 pairs of spinal nerves enter or exit.
These 31 segments are labeled C-1 through C-8 (cervical), T-1 through T-12 (thoracic), L-1
through L-5 (lumbar), S-1 through S-5 (sacral), and coccygeal (1). While these labels refer to
the intervertebral spaces through which these spinal nerves pass, it should be noted that the
cord itself does not extend the entire length of the vertebral column. 1 In adults, the spinal
cord terminates around L-1. The dorsal and ventral spinal nerves simply travel down the
vertebral canal as the cauda equina, exiting from the intervertebral spaces for which they
are named. The areas of the skin supplied by the sensory segments (dorsal roots) of the
spinal nerves are referred to as dermatomes. A general map of these dermatomes can be
found in Chapter 2.

In looking at a cross section of the cord (Figure 1…2), several features may be immediately
obvious. The “rst is that, unlike the cortex, the axonal pathways (white matter) are on the
outer portions of the cord with the nuclear groupings (gray matter) on the inside. On the
ventral or anterior surface of cord there is a very noticeable central cleft or sulcus (the ventral
median “ssure). There also is a less obvious dorsal “ssure known as the dorsal median
sulcus. These two “ssures or sulci divide the cord into a right and left half. In the central
portion of the cord, the gray matter is roughly H-shaped. The small opening in the center
of the •crossbarŽ is the central canal that is continuous with the fourth ventricle.

The white matter of each half of the cord is commonly divided into three sections or
funiculi representing the columns of ascending and/or descending “ber tracts. These are
the dorsal, the lateral, and the ventral funiculi (Figure 1…3). The most anatomically and
functionally distinct is the dorsal funiculus, which lies between the dorsal median sulcus
and the posterolateral sulcus. The latter, which represents the entry point for the posterior
(sensory) roots, can be easily identi“ed by following the dorsal horns of the central gray
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DEDICATION

To the memory of Dr. James C. Young,
a brilliant clinician and a good friend.

To our students who inspire us to grow, and
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PREFACE

A major focus of clinical neuropsychology and cognitive-behavioral neurology is the
assessment and management of cognitive and behavioral changes that result from brain
injury or disease. In most instances, the task of the neuropsychologist can be divided into
one of two general categories. Perhaps the most common is where patients are known to be
suffering from identified neurological insults, such as completed strokes, neoplasms, major
head traumas or other disease processes, and the clinician is asked to assess the impact of
the resulting brain damage on behavior. The second involves differential diagnosis in cases
of questionable insults to the central nervous system. Examples of the latter might be milder
forms of head trauma, anoxia and dementia or suspected vascular compromise. In either
instance, understanding the underlying pathology and its consequences depends in large part
on an analysis of cognitive and behavioral changes, as well as obtaining a good personal
and medical history. The clinical investigation will typically include assessing problems or
changes in personality, social and environmental adaptations, affect, cognition, perception,
as well as sensorimotor skills. Regardless of whether one approaches these questions having
prior independent confirmation of the pathology versus only a suspicion of pathology, a fairly
comprehensive knowledge of functional neuroanatomy is considered critical to this process.

Unfortunately as neuropsychologists we too frequently adopt a corticocentric view of
neurological deficits. We recognize changes in personality, memory, or problem solving
capacity as suggestive of possible cerebral compromise. We have been trained to think
of motor speech problems as being correlated with the left anterior cortices, asymmetries
in sensory or motor skills as a likely sign of contralateral hemispheric dysfunction, and
visual perceptual deficits as being associated with the posterior lobes of the brain. At the
same time there should be an awareness that multiple and diverse behavioral deficits can
frequently result from strategically placed focal lesions, and that many such deficits might
reflect lesions involving subcortical structures, the cerebellum, brainstem, spinal cord, or
even peripheral or cranial nerves. As first noted by Hughlings Jackson in the 19th century,
while the cortex is clearly central to all complex human behavior, most cortical activities
begin and end with the peripheral nervous system, from sensory input to motor expression.

This current work was an outgrowth of seminars given by the principal author (JEM)
at the request of neuropsychology interns and residents at the VA to broaden their clinical
appreciation and application of functional neuroanatomy. In working closely with neurolo-
gists and neurosurgeons, these students also recognized the advantage of being able converse
knowledgeably about patients with subtentorial deficits. While all the intricate details of the
nervous system may be beyond the immediate needs of most clinicians, a general appreci-
ation of its gross structural makeup and functional relationships is viewed as essential in
working with neurological populations.

To this end, the book begins with a brief review of the gross anatomy, functional correlates,
and behavioral syndromes of the spinal cord and peripheral nervous system. From there,
the text carries one rostrally, looking at these same features in the cerebellum, brainstem and
cranial nerves. Where this volume deviates from most textbooks of functional neuroanatomy
is in its expanded treatment of supratentorial structures, particularly the cerebral cortex
itself, which more directly impacts on those aspects of behavior and cognition that often
represent the primary focus or interests of neuropsychologists and behavioral neurologists.
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viii Preface

The final chapters are devoted to the vascular supply and neurochemical substrates of the
brain and their clinical and pathological ramifications.

In addition to simply reviewing structural neuroanatomy and providing the classically
defined behavioral correlates of the major divisions of the CNS, a major focus of this work
will be to attempt to integrate functional systems and provide the reader with at least a
tentative conceptual model of brain organization and how this organization is important in
the understanding of behavioral syndromes. For the neuropsychologist, of equal importance
to an understanding of clinical neuroanatomy is an appreciation of neuropathology, i.e.,
the natural history, associated signs and symptoms and physiological and/or neurological
correlates underlying specific disease states. While occasional references are made to these
factors throughout the text, an adequate treatment of this subject is beyond the scope of
this book and the reader is advised to supplement this information with other works that
specifically address these latter topics.

In going through the chapters the reader will notice some redundancy. This was purely
intentional as a means of reinforcing certain key concepts and promoting their retention. Care
was taken to try and resolve any discrepancies with regard to either structural or functional
issues that appeared to be in dispute. However, our collective knowledge of the nervous
system is still very incomplete and is often derived as much from clinical impressions and
correlations as it is from definitive experimental paradigms. This is particularly true as we
progress from peripheral pathways to central mechanisms in the brain. Part of the problem
is the complexity of the nervous system itself and the technical (and ethical) limitations
of carefully controlled studies, especially in man. Another problem is simply the startling
limitations of our own knowledge. We are still far from being able to create a good working
model of the brain. Thus, as we progress along the neural axis from the spinal cord to
the brain, much of the data presented will be increasingly speculative. However, it is
hoped that the sum total of this exercise will provide the reader not only with a broad
overview of functional neuroanatomy, but will provide a beginning framework for trying
to conceptualize brain-behavior relationships and the effects of focal lesions on behavior.
Although this book was initially written for neuropsychologists, it provides a practical
review of this subject for clinicians in other disciplines who work with the neurologically
impaired, particularly neurologists and behavioral neurologists.

Finally, a number of acknowledgements are in order. Throughout the text, it will be
noted that a large number of the figures use photographs of the brain and other neural
structures derived from the Interactive Brain Atlas (1994). These base images were provided
courtesy of the University of Washington and proved invaluable in illustrating anatomical
landmarks. Two additional points should be made in this regard. First, the labeling of these
images was done by one of the authors (JEM), thus any errors that might be found are not
the responsibility of the University of Washington. Second, while the monochrome images
used here were preferred for our text, the University of Washington has an updated version
of this interactive atlas, which is highly recommended for anyone interested in an easy and
entertaining way to review basic neuroanatomy. Thanks are also in order to the University
of Illinois Press, Western Psychological Services, and Dr. Kenneth Heilman for permission
to use published materials, as well as to Dr. Jose Suros who provided several brain images
and to Dr. Enrique Palacios who was kind enough to review the radiographic images. It
also seems appropriate to mention Stephen Stahl whose works on psychopharmacology
provided inspiration for much of the material contained in Chapter 11.

A special acknowledgment is reserved for Mr. Eugene New, a medical illustrator from
the LSU Health Sciences Center, who is responsible for all the artwork seen throughout the
text.
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OVERVIEW

The spinal cord, along with its ventral roots, represents the final common pathway for
skilled, voluntary motor responses initiated in the cerebral cortex and carried out by our
trunk and limbs. Beyond consciously guided or directed actions, spinal motor pathways
and nuclei are important in maintaining what might be termed baseline, automatic, or
supportive motor activities, such as muscle tone, balance, and various reflexes. In fact, some
of the latter are apparently mediated purely at a spinal level. Descending spinal pathways
apparently can influence even certain sensory phenomena, such as the perception of painful
stimuli. Finally, the spinal cord plays a critical role in the homeostatic modulation of internal
and external organs via the autonomic nervous system, the effects of which may be seen
throughout the entire body.

Injury and disease selectively may target the spinal cord and/or its peripheral processes,
often producing highly specific and very profound clinical syndromes. As similar symptoms
can result from pathology at various levels of the neuroaxis, it is imperative that the clinician
has some appreciation of the basic neuroanatomy of the spinal cord and its impact on these
behavioral phenomena. In this chapter, we will focus on the general organization of the
spinal cord, its relationship to the peripheral nerves, and the major descending (motor)
pathways, including the spinal portion of the autonomic nervous system (ascending or
sensory pathways will be reviewed in Chapter 2).

At the conclusion of this chapter, the reader should be able to describe the fundamental
structure of the spinal cord and define the functional significance of the major descending
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2 Chapter 1

tracts, discuss the basic mechanisms underlying spinal reflexes, and outline the general
structural and functional correlates of the autonomic nervous system. While the major
clinical syndromes affecting the spinal cord will be reviewed in Chapter 2, by the end of this
chapter the reader should be able to discuss the basic characteristics differentiating upper
and lower motor neuron lesions.

INTRODUCTION

It is easy to think of the spinal cord as simply the interface or site of synaptic connec-
tions between ascending and descending cortical pathways and the peripheral nerves.
However, as the following two chapters will note, its function is indeed quite complex.
Its structure and connections provide an anatomical substrate for the reciprocal excitation
and inhibition of agonist and antagonist muscles crucial for effective coordinated activity.
Combining both afferent feedback and motor effector mechanisms, the spinal cord plays a
major role in moderating or regulating muscle tone that is the background against which
all muscle activity must take place. The spinal cord serves as the initial staging area for
all somatosensory input from the trunk and limbs. This sensory input is summated and
dispersed to (1) the ventral posterior lateral (VPL) nuclei of the thalamus and eventually to
the cortex for conscious perception; (2) to the reticular system and intralaminar nuclei of the
thalamus for arousal and attention; and (3) to the cerebellum to assist with the coordination
of complex, programmed activities. In addition, the interaction of both descending influ-
ences at the spinal level, as well as the interactions among various types of afferent inputs,
allow for the modulation of sensory input at the spinal level. Thus, what takes place at the
spinal level can impact directly on what is eventually perceived by the cortex. The spinal
cord also mediates reflexes that are essential for posture and balance and withdrawal from
certain types of painful stimuli and participates in other, more complex reflexes essential
for executing more complex motor functions.

While damage to the spinal cord, its ascending or descending tracts, or the peripheral
nerves has no impact on cognition or behavior as defined in psychological terms, it can,
and typically does, result in somatosensory and both elementary and complex, coordinated
motor disturbances. Such deficits not only will impact on measures of sensorimotor skills
routinely used as part of a neuropsychological examination, but in a larger sense can
directly impact on activities of daily living and rehabilitation efforts. Indirectly they also can
drastically impact the patient’s self-image and emotional or psychological adjustment. Thus,
it becomes important for the neuropsychologist to have an appreciation of the functional
anatomy of these and other subtentorial structures. The present chapter will focus on the
general structure of the spinal cord and the descending or motor system. The ascending or
somatosensory system will be reviewed in the following chapter.

GROSS ANATOMY OF THE SPINAL CORD

The spinal cord, along with the brainstem, represents the most primitive part of the central
nervous system. Housed within the vertebral column, it is seen as a caudal extension of the
medulla of the brainstem (Figure 1–1). Unlike the brainstem, in which discrete, more or less
circumscribed nuclear groups can be identified at specific levels, the spinal cord tends to be
organized in a more continuous, columnar fashion. This tends to be true not only for the
descending (motor) and ascending (somatosensory) white matter pathways, but also to a
large extent for its nuclear components. However, for teaching and description purposes, the




